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ABSTRACT

Present and Future Patterns of 
Energy Usage in Rural Areas

H. Martin Edge.

The hypothesis presented in this study is that:
"There exists considerable potential for a 

greater degree of rural energy autonomy, 
especially through the medium of increasing 
integration between agricultural/forestry and 
domestic sectors, to make better use of rural 
energy resources".
This is investigated by two basic lines of inquiry. 

A study of the future of rural areas and their energy 
resources and use was carried out, firstly by reference 
to the available literature, and then by a three round 
'Delphi1, survey of a panel of 'experts' in rural and 
energy fields. The results of this survey are presented 
in the form of a single most likely scenario for a fifty 
year rural future.

The second major constituent of the study is a 
door-to-door survey of houses and farms in areas of the 
North-East of Scotland, which investigates current energy 
use and energy resources for a simplified rural system, 
as well as attitudes to energy in the future.

Current energy use and the energy resource in these 
rural areas is then projected into the future, by 
application of the characteristics of the most likely 
scenario in the 'Delphi' study, to the results of the 
local survey. The ability to extrapolate the results 
from these survey areas to the more general British rural 
environment is also explored.
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1.1. Introduction to the Project-

This project aims to take a detailed look at energy 
use and the energy resources of, rural areas in the U.K., 
largely by study in the North East of Scotland, and to 
produce a comprehensive picture of these facets of rural 
life.

To carry out a study which purports to deal with 
'the rural areas of Britain' seems perhaps a little 
sweeping, given the vast differences which exist between 
say, a Hebridean island and East Anglia, or between a 
village in the stockbroker belt and a Welsh mountain. 
Yet in spite of these differences, there remain certain 
quintessential similarities between rural areas, not 
least the fact that they are not 'urban'. Thus 
agriculture as the, or a, main land use, overall 
population densities, access and travel distances and, as 
explained in section 2.1.3., energy use densities, all 
distinguish rural areas, of whatever kind, from urban 
areas. It is also suggested that 'rural energy 
resources' are a definable set of items, and that they 
differ in essential characteristics from urban energy 
resources (section 2.1.4.). A level of rural energy 
autonomy is suggested as being desirable on the basis 
that, although rural areas are seen as being reliant on 
urban areas, in fact urban areas do not even have the 
potential for a level of energy autonomy on the local 
scale, whereas rural areas do.
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The rural energy resource as defined in this study 
is one that is essentially rural, and springs from all, 
or. almost all, rural areas, rather than from specific 
sites. This study is an integrated look at rural system 
energy use. A characteristic of many studies on 'rural 
energy' is a completely different interpretation of the 
rural energy resource, and a non-integrated approach to 
its problems. Such studies consider the impact of urban 
energy based developments on rural, or previously rural 
areas, rather than considering energy resources which 
remain rural during their exploitation. The 
characteristic of these studies is an environmental 
viewpoint and the lack ofac^bl^v^ ^ ^^hy which to measure 
effects (1).

By contrast, the present project aims to present a 
picture of a simple rural system (simple in terms of the 
number of societal sectors which it admits) , measuring 
inputs and outputs in energy equivalence terms, but also
including assessment of sociolog ical, econom ic and
technical factors.

There are other areas of 'rural energy' than the
above on which research is trad it ional. Firstly, many
renewable energy technologists adopt the prefix 'rural' 
when discussing the application of their devices. Yet 
with a few exceptions (2), no integrative look at energy 
use is taken, and the approach is merely to demonstrate 
the solution of perceived energy supply problems, which 
may or may not exist (3). Secondly, and closer to the
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intent of the present study, various people have studied 
inputs and outputs of energy from agriculture (4). This 
thesis aims to go a stage further than this, and to look 
at domestic and transportation energy use in the same 
geographical areas as the agricultural energy use, with a 
view to assessing the potential for integrating 
agricultural and domestic sectors, and making the best 
use of the available rural energy resource.

1.2. Hypothesis and Methodology-

The hypothesis under study in this research, as 
stated at various points in the report, is that;

"There exists considerable potential for a 
greater degree of rural energy autonomy, 
especially through the medium of increasing 
integration between agricultural/forestry and 
domestic sectors, to make better use of rural 
energy resources."

Thus it is necessary within the methodology of the 
research, to describe the nature of rurality and define 
its limits, to look at the meaning of and justification 
for the idea of 'energy autonomy', to describe the rural 
energy resource, to study present energy use and 
resources at the present time, and to forecast in some 
way how these patterns are likely to change in the 
future. The remainder of this section describes in brief

4



how this methodology is presented in the succeeding 
pages, whilst Figure 1.1 presents the project structure 
in diagramatic form.

Section 2 looks at the nature of and defines the 
boundaries of rurality for the present project, going on 
to define rural energy resources and their 
characteristics. It presents a brief overview of the 
rural energy resource on a national scale, and looks at 
rural energy use, comparing its characteristics with 
those of urban energy use.

The justification for the 'self-sufficient', or 
autonomous approach suggested by the hypothesis is 
explained, and a 'rural system', within which the study 
of such autonomy will occur, is defined, and subsequently 
broken down in terms of its energy inputs and outputs.

Following this defining role, section 2 goes on to 
consider energy analysis, as an alternative to monetary 
economics, and assesses its value in a 'post-industrial' 
society. Different rural energy resources are assessed 
by looking at specific projects in both monetary and 
energetic terms, assessing the validity of current 
conversion technologies for these resources, and 
summarising the most useful types. Thus the potential 
for increasing energy autonomy, in terms of the 
availability of suitable technology, is explored.

5



Figure 1.1. FLOW DIAGRAM OF PROJECT STRUCTURE

Direct links 
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Section 3 begins by assessing 'information on the 
future' in terms of the many global and national, general 
and energy based forecasts available, looking 
particularly at the apparent motives of the forecasters 
in question, and at factors such as the general tendency 
to link energy use directly to Gross National Product 
(G.N.P.) in an inevitable direct linear relationship. 
This process builds up three alternative scenarios for a 
50 year time horizon rural future, in preparation for a 
survey of experts in rural and energy fields, which aims 
to produce a single 'consensus' scenario of rural futures 
for application to local survey results. A 'Delphi' 
method survey is used for this purpose.

The section then explores the nature of the 'delphi' 
interaction process, selecting a panel of experts and 
developing and applying a three round postal survey. The 
results of this survey are presented as a single scenario 
(without, it must be said, complete consensus on all 
issues), and a listing of ideas for increasing rural 
energy autonomy which are felt to be the most likely to 
succeed. Thus the potential for rural energy autonomy in 
the future can be assessed by applying the resulting 
scenario to the recorded present characteristics of rural 
areas.

Section 4 describes the evolution and application of 
a survey of fuel suppliers to rural areas in the North 
East of Scotland. Conceived both as a means of checking 
the ability to generalise from the results of the local
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survey, and in its own right to provide a full supply, 
and by implication use pattern over a wide area. This 
survey proved somewhat abortive.

All possible suppliers of fuels to rural areas in 
Grampian were contacted by letter, telephone or personal 
interview, yet the available information from this 
technique proved so limited as to make the results rather 
meaningless.

In order to test how far the hypothesis is supported 
by actual local conditions, section 5 looks at the 
methodology of interview surveys, and selects 2 areas for 
study, as well as a pilot area, going on to describe the 
design of domestic and agricultural questionnaires for 
application in these areas, and the subsequent refinement 
of those questionnaires after application in the pilot 
area.

The questionnaires elicit information on all fuel 
use, housing standards, travel, social data and attitudes 
from an intended 100% sample of houses and farms in 
specific areas.

Section 6 presents general results from these three 
surveys, whilst sections 7 and 8 examine in more detail 
energy use and heat loss, and the energy resource, 
respectively.
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Section 9 puts the survey results into the context 
of the "most likely future" suggested by the results of 
the Delphi survey, and explores how far it is possible to 
extrapolate from the results of the surveys of specific 
areas to the generalities of the wider rural context.

Section 10 presents conclusions with regard to the 
original hypothesis, and recommendations on policy and 
other measures which might be employed to improve the 
situation with regard to energy use and the energy 
resource in rural areas of the U.K.
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2.1. The Characteristics of Rurality and of 1 Rural 
Energy*-

2.1.1. Introduction-

This section looks at some of the problems of 
definition concomitant with trying to make any separation 
of rural from urban. Given a suitably agreed definition 
of what is rural, it then explores the changing nature 
of, and variations between rural areas, and the resource 
and energy use characteristics which are peculiar to 
them. Finally potential future changes in the rural 
situation are explored. Thus the concept of a 'rural 
system' within which to explore the potential for a 
degree of rural energy autonomy is postulated.

The field of Rural Sociology impinges heavily on the 
section, due to its ability to cut across specialist 
boundaries and reach general truths about the differences 
between the two basic environments under discussion. In 
particular, Howard Newby's much acclaimed book on rural 
change, 'Green and Pleasant Land?' is heavily drawn upon 
to expose some of the stereotypes characterising opinions 
on rural areas conditioned by the values of an urban 
environment (1). Although much of Newby's work, relating 
as it does to the late 1970's, is becoming out of date, 
and relates specifically to English rural areas, with 
emphasis on arable areas of East Anglia, the trends 
described by him still have their influence on the
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present structure of rural areas.

2.1.2. Emotional and Rational Views of Rurality-

As Newby has pointed out, perhaps the majority view 
as to what constitutes 'rurality' or 'the countryside' is 
best likened to the picture on a biscuit tin (2). It 
tends to be a naive viewpoint which treats the 
countryside, and often the people in it, entirely as a 
flat aesthetic 'landscape', in much the same way as a 
painting.

The idealisation of the countryside is very much 
based on its visual appreciation, our views on which are 
highly conditioned by historical culture and art. These 
aesthetic views are very much at odds with the 'landscape 
appreciation' of those involved in agriculture and rural 
living, whose ideas of beauty might quite logically 
constitute a well ploughed field or a healthy crop of 
cereals. The largely urbanite view of rural beauty, as 
it is derived from historical art and the etiquette of an 
ancient upper class elite, is in fact diametrically 
opposed to any truly economic use being made of land, 
allowing only a few antiquated symbols of an outdated, 
inefficient agriculture to impose as points of interest 
on an otherwise unspoiled vista (3).
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In reality there is hardly any such thing in Britain 
as a natural landscape, and there has not been for many 
centuries, if natural is taken to mean unaltered by man.

The word 'landscape' initially just meant a picture 
of a scene, but it came to mean the actual scene that was 
represented by the painting, and eventually any part of 
the countryside, and this changing definition mirrors the 
way the landscape, and our appreciation of it, have also 
changed. Seventeenth and eighteenth century romantic 
artists in particular so imposed their views on 
composition and aesthetics on the minds of the elite that 
landscape gardening became, through the work of such 
practitioners as Capability Brown, a slave to creating 
the types of landscapes which looked good on the walls of 
art galleries. Rules of etiquette amongst the rich 
demanded that their means of aquiring money should not be 
seen, so these new 'natural' landscapes had to be more or 
less cleared of productive farming, and often of whole 
villages, with only the odd grazing deer or besmocked 
yokel being permissable within the gracious view.

Although these alterations to the form of the 
countryside were nowhere near as severe or widespread as 
for instance the enclosures or earlier wholesale 
deforestation, their pretentions to naturalness and 
aesthetic beauty fixed them so firmly in the mind that 
they remain yardsticks by which to measure natural beauty 
even today. Thus practically all National Parks and 
Areas of Outstanding Natural Beauty are also areas of low
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and agriculture and ' theagricultural production, 
environment' are still seen as being entirely opposing 
interests (4) .

Since the countryside is supposed to be so natural 
of course, it is not supposed to change or be changed by 
man, which puts it at a distinct disadvantage to the 
urban areas which, even though they may be of great 
historic interest, are man-made and therefore open to the 
possibility of change. So in reality there seems to be 
little difference between urban and rural areas in terms 
of their 'naturalness', but as long as such a difference 
is perceived to exist by people, their misconceptions can 
have a very strong influence on the rural areas.

To the people that have historically occupied and 
worked in rural areas, the countryside is basically an 
economic environment like any other, but with its own 
distinctive features, whilst to the urban dweller or 
urban influenced individual, the countryside is a largely 
'aesthetic good'. This latter viewpoint tends to see 
town and country as being essentially conflicting 
elements, rather than symbiotic, and the suspicion that 
the ur.ban areas are 'winning' , in terms of their 
encroachment onto rural areas, stirs a desire, such as 
that found in environmental groups, to side with an
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that their vision of theimagined underdog, albeit 
underdog's nature is rather imperfect.

2.1.3. Defining Rurality-

In order to test the assertion in the hypothesis 
that there is potential for a degree of rural energy 
autonomy, it is important to be able to define what is 
meant by 'rurality', and to delineate a 'rural system'.

Few would argue with the statement that central 
London is urban, whilst the Cairngorms are rural; the 
two terms are, in their extreme conditions, too well 
understood to require definition. Therefore it may be 
more important to define the borderline between urban and 
rural areas than it may be to define rurality per se.

Although statistics are usually based on relatively 
arbitrary administrative boundaries, (i.e anything which 
is neither a City District nor a Metropolitan Region is 
deemed to be rural), academic definitions have generally 
relied on settlement sizes, and taken some arbitrary 
population, below which an area is described as being 
rural. This minimum urban settlement figure tends to 
vary in European definitions from 1000 to 15000 
inhabitants, though in the extremes Iceland has a 
threshold population for urban areas of 300, whilst in 
Japan the figure is 30,000 (5). These figures reflect 
not only bureaucratic whim, or even overall population
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densities, but differing economic, agricultural and 
cultural structures. For instance in Japan a farming 
landscape might be as densely populated as many cities in 
the U.S.A. Such difficulties of definition due to 
diversity between areas applies to some extent even 
within a relatively small country such as the U.K. Thus 
an area which is rural by the standards of the south east 
of England, might be considered urban in the north west 
of Scotland. Such diversity means that a simple 
categorisation of areas as either urban or rural is not 
merely difficult to arrive at, but largely meaningless.

Three or more categories are needed to arrive at any 
meaningful generalisation, and such definitions have been 
attempted using more sophisticated techniques for 
separating localities. Yet the more sophisticated the 
technique, the more difficult it becomes to remain 
objective. For instance, Cloke's 'Index of Rurality for 
England and Wales' (6), developed in order to study 
'rural deprivation', includes variables for house 
occupancy rate, household amenities (such as inside 
toilets) and the percentage of the population over 65. 
With the index calculated in terms of deprivation it is 
hardly surprising that Cloke is able to conclude that 
rural areas suffer from deprivation.

The present study has avoided the 
definition rather by concentrating largely 
rurality, surveying only settlements 
Populations, far from the urban centres. (In

issue of 
on extreme 

with low 
fact survey
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areas are all under a population size of 400, and are 40 
miles from any settlement with a population of 20000 or 
more) . Thus many of the characteristics of the
rural-urban fringe are avoided in favour of more 
intrinsically 'rural' characteristics.

Thus we come back to the definition of rurality per 
se, an exercise which has been attempted at some time by 
most rural planning writers, often in a rather vague and 
ambiguous way. Some, such as Cherry (7)and Lassey (8), 
have just employed negative definitions, and said that 
countryside is anything which is not urban. Others, such 
as Moss (9) and Thorburn (10), are able to avoid proper 
definition by leaving it up to the population at large, 
stating that countryside is anything which people think 
is countryside, and that a village is anything which 
people think is a village. Thus Moss states:-

The village can be described as a place 
where the countryside meets the town and where 
distinctions between rural and urban lies very 
much in the eye of the beholder.

And Thorburn....
A village is any place which most 

residents think of as a village.

Although there may be some validity in such 
statements they appear to be rather inadequate. For 
instance many people may see their habitats as being 
rural even when they show no other rural characterisics, 
(Greenwich Village in New York is a case in point). 
Others may perceive Hyde Park as countryside, when it is 
So in practically no meaningful sense of the word.
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However the 
meaningful, for 
the countryside, 
and emotionally,

spirit of this type of definition is 
it exposes one view of the usefulness of 
that of being appreciated aesthetically 
as countryside.

More positive 
useful, stressing 
types or instance 
types....

definitions prove somewhat more 
population densities or settlement 
Lewis suggests that rural settlement

...range from isolated farmsteads to the 
market towns serving a tributary area. (11)

An interesting variation on the theme of density is 
the extensiveness of land use, suggested by Wibberley....

The word....(rural)...., describes those 
parts of a country which show unmistakable 
signs of being dominated by extensive uses of 
land, either at the present time or in the 
immediate past. (12)

....Thus avoiding the need for definitions based 
entirely on perception.

Yet defining what constitutes an intensive or 
extensive use of land may also be difficult. Agriculture 
can be considered to be a more exensive land use than 
manufacturing industry perhaps, unless one is talking 
about intensiveness of organic matter concentration. So 
even with this more precise definition individual 
perception is important, unless some relatively objective 
measure of intensiveness can be found.
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2,1.4. Energy and Definitions of Rurality-

In the context of the present study, a definition of 
rurality in energy terms is of particular relevance. A 
suitable measure of the intensiveness of land use might 
be its average energy intensiveness, particularly in 
developed temperate countries, where most of the 
activities of man are characterised by a high use of 
energy. The usefulness of energy in this context derives 
from the fact that, although different energy types vary 
considerably in their usefulness, it is basically a 
single commodity which can be measured and is present in 
all environments.

Although locations in the countryside, such as 
individual buildings and main roads, will have relatively 
high energy use intensiveness, averaging over an area 
will produce much lower figures for rural than for urban 
areas, as long as it is energy use that is considered, 
and total energy gain through solar radiation is omitted. 
Even the high use of energy made by modern agriculture 
cannot compare to the amounts of energy used in the urban 
setting, which is virtually a massive machine for the 
consumption of fuel. Removing the direct solar gain to 
an area from the energy use of that area would accentuate 
this difference still further, rendering areas with low 
populations and extensive forms of agriculture as 
negative energy users, or energy producers on a massive 
scale.
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Such a general definition, though perhaps rather 
more objective than some others, still takes no account 
of regional differences between rural areas, which can be 
extreme, but it provides a link to the rationale for the 
study of rural energy as an individual entity separate 
from urban energy.

Aside from the special cases of coal mines, 
oilfields and the like, urban areas are characterised as 
great consumers of energy, whilst rural areas, though 
they may in fact be energy consumptive in the case of 
modern agricultural methods, exist almost solely for the 
production of energy, usually very high value energy in 
the form of food. Every rural area has a continually 
renewed stock of energy, whereas most urban areas must by 
their very nature import large quantities of energy, 
largely from other urban areas, but also from the rural 
areas,

2.1.5. Rural and Urban Energy Resources-

Aside from nuclear power, and the special cases of 
geothemal energy and tidal power {which utilises the 
gravitational energy of the moon), all energy sources 
used by man utilise the dispersed energy of the sun in 
some form. In this sense all energy sources are 'rural' 
in their origin, since they originate in relatively low 
concentrations of energy per unit land area. It is the
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subsequent concentration of this energy, and the ease 
with which it can be used, that gives fuels their varying 
usefulness.

The rise of oil to a position as the worlds most 
important fuel is due to a convenience derived from a 
concentration of the sun's energy over millions of years 
in a very flexible, usable form. This concentration is 
shared with coal, and to a lesser extent, peat. The 
renewable source, hydropower, uses topography to 
concentrate the highly dissipated gravitational energy 
stored in the precipitation caused by solar heat. Other 
renewables lack the more recent historical success of 
hydropower, due to the fact that they are trying to use 
dissipated, rather than concentrated forms of energy. 
Timber is the only widely used fuel which makes use of 
more dissipated energy.

Thus, on the basis of a definition of rurality using 
energy concentrations per unit land area, coal, oil and 
nuclear fuel extraction, and hydropower generation, might 
be considered to be urban, whilst other renewable 
sources, and perhaps peat, might be considered to be 
rural. For the most part these definitions are confirmed 
by common sense, except in the case of hydropower, where 
most schemes are in obviously rural locations. The fact 
that average energy concentrations remain low, and that 
hydropower installations are generally restricted to 
single locations within rural areas, justify its 
inclusion as a 'rural resource'. The scarcity of
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untapped large single resources of hydropower means that 
large schemes are likely to be very localised in their 
impact, and will be of little importance for rural areas 
in general, though small schemes might have more general 
application.

Most of the material written on energy resource 
industries in rural areas tends to consider the problems 
arising from the development of rural or greenfield sites 
into urban or industrial sites, such as coal or 
oilfields, and therefore are considering the pros and 
cons of producing urban areas, rather than considering 
energy sources which remain rural during and after their 
extraction. This latter type of energy development is of 
more interest in the present context, since aside from 
peat all these resources are, at least to some extent, 
present in all rural areas of reasonable size, and thus 
various universal conclusions about them can be drawn.

By contrast, 'urban' energy resources are by no 
means universal to all urban areas, but are highly 
specific to certain sites, so that most rural areas have 
the advantage of a potential for a certain amount of 
internal energy autonomy. Rural people have always had 
the opportunity of obtaining some local fuel supplies, 
even though they may only utilise a fraction of the 
potential resource to provide a small proportion of their 
needs. Although it is difficult if not impossible to 
envisage a small, modern rural area which is entirely 
energy autonomous, it is absolutely impossible to
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envisage any meaningful internal autonomy in many urban 
areas, which may have no useable energy resources at all, 
being stocks of 'human resources' which are positioned in 
such a way as to best be able to consume other resources.

Yet in economic reality, rural areas remain as 
subservient hinterlands of urban areas, which serve as 
distribution points of energy and other resources to 
them. Thus rural areas are seen as being highly 
consumptive of urban resources, often at high cost. In 
order to get away from this view of rural areas as 
subsidised consumers of urban resources, their strengths, 
of low energy consumption per unit land area, and of 
quite high local resource potential, might be built on.

2.1.6. The Differing Characteristics of Rural and Urban 
Energy Use-

A comparison between agricultural and industrial 
energy use characteristics is relatively meaningless, 
since the two are in no sense comparable. Yet the mix of 
fuel types in direct energy use shows a weighting towards 
oil in agriculture, as might be expected, due to the 
preponderance of mobile equipment, whilst electricity is 
rather less used in agriculture than in industry.

24



However in the transport, and particularly in the 
domestic sectors, the needs for energy are comparable, 
and a look at how urban and rural areas compare, both in 
terms of total fuel use and the types of fuel used, is 
justified.

Surveys carried out for the present study, and 
reported on fully in sections 5 to 9, have been able to 
break down figures for household energy consumption to 
show the total amounts and types of fuel used in rather 
remote rural areas. These can then be compared with 
other figures for the national consumption of fuel per 
household which, though they contain the rural element 
within them, are reasonable approximations to the 
majority urban fuel use patterns. The figures represent 
delivered fuel values except in the case of electricity, 
where allowance is made for generator losses. These 
generation losses are taken at the same value for both 
urban and rural areas. The rural figure should perhaps 
reflect the greater efficiency achieved in the survey 
area due to the higher use of grid hydropower than 
nationally. On the other hand rural areas should show 
lower conversion efficiency due to higher transmission 
losses (Table 2.1).
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Table 2.1. Rural and Urban Mean Domestic Fuel Use Per
Household Per Annum(13)

FUEL TYPE RURAL % URBAN %
Cumines Lumsden
Town

coal 39.6 34.5
smokeless fuel 2.7 12.4
purchased wood 6.4 11.4
wood from free sources 3.4 7.6
purchased peat 4.4 1.0
peat from free sources 5.2 3.3
total local resources 8.6 jcq
total solid fuels 61.7 69.2 15.7
oil
gas (urban natural gas,

1.5 5.7 4.8
rural bottled gas) 2.1 0.9 42.8
mains electricity 31.0 23.6 36.8
private generators 0.0 0.3
parafin 0.1 0.1

TOTAL MEAN HOUSEHOLD 
ENERGY USE(MEGAJOULES)

161555 176688 101200

Table 2.1 shows large disparities between both types of
fuel used and the total amount consumed per household.
Differences in types of fuel are by and large
predictable, thus practically no gas is used in the rural
area simply because mains gas is not available, whilst
more solid fuel is used in the rural areas. It is
perhaps surprising that sol id fuels occupy such a
position of' strength in these rural areas that they not
only replace all the gas used in urban areas, but also
much of the electricity. 13.3% of the rural solid fuel
comes from local resources, with 50% of this fuel being
free, though these figures could be higher in areas with
a more plentiful supply of better peat, or with a greater
availability of timber through the work of an estate or
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vjf an individual marketing the product. Since the urban
figure is an approximation which includes r ural
households, the actual figure for solid fuels in urban
housing should be still lower.

Yet the advantage accruing through the use of local
resources, laudable though it might be, is dwarfed by the 
fact that the rural houses appear to use some 7 5 % more 
energy in total than the urban ones. There are various 
reasons why this might be the case. There will obviously 
be a rather higher proportion of detached dwellings in 
the rural case, and a lower proportion of flats and 
terraced houses. Rural areas also tend to be more 
exposed. The older housing stock may well consist of 
rather larger dwellings, with only a small number of 
houses having adequate insulation or good standards of 
draught proofing. The northern location of the survey 
areas mean that they experience low temperatures and a 
longer heating season. The main reason however is likely 
to be the low efficiency of many solid fuel burning 
dev ices.

Without exception, houses in the rural survey area 
with only electric heating are the lowest energy 
consumers, and whilst this may be partly caused by 
householders having inadequate heating due to the cost of 
electricity, it also reflects electricity's high end use 
efficiency. It is often suggested that using electricity 
for domestic heating is a scandalous waste of a very high 
grade energy, since power station efficiencies are low,
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but this is assuming that burning appliances for other 
fuels in the home are as efficient as they can be. where 
they are not then the use of electrical heat, at a very 
high conversion efficiency at the appliance, may be 
comparatively quite efficient. Most of the solid fuel 
burning appliances in the rural survey area are highly 
inefficient., and compare very badly with maximum 
achievable efficiencies of 85 to 90%, perhaps falling to 
only 1 0% for old open fires with wide flues and 
inadequate grates. Introducing simple efficient stoves 
in these areas could be much more effective than the 
guite extensive exploitation of local energy resources.

Attitudes to fuel burning also differ from those of 
the urban areas. In the rural areas a lower premium is 
put on convenience and cleanliness, for instance of 
electricity, whilst there is a liking for open fires for 
their own sake, and a desire to keep the building fabric 
continuously heated. Many bemoan the lack of 
availability of timber and good peat, and the fact that 
they must turn to coal and smokeless fuels. The local 
scarcity of these fuels is in a way urbanising the rural 
areas by making them more dependant on the lifeline of 
urban based fuel suppliers.

Although it might be thought that, due to the longer 
distances involved, rural people would travel much more 
than urban people, in areas largely unaffected by 

inmigration this appears not to be the case, owing to the 

characteristic high proportion of not very mobile retired
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people in the population. Those few urban incomers that 
there are travel far more than all other sectors of the 
population. Average passenger miles per year travelled 
nationally by car, motorbike, bus and taxi (rail and air 
travel are omitted since they represent long distance 
travel and are not associated with rural areas) , accounts 
for some 14,564MJ per person (14). Figures for total 
distance travelled for the purposes of work or education 
in the rural survey area account for some 5613MJ per 
person per year. Since many of these journeys in reality 
use no fuel, for they are short journeys on foot (such as 
to the village school), this partly balances out the fact 
that non-work journeys are not included. The low rural 
figure is in spite of the fact that most employed people 
travel at least 7 or 8 miles to work (incomers from urban 
areas typically travel 40 miles each way daily, in a car 
with a single occupant), and is due to the large number 
of retired people typical of the indigenous populations 
of such villages.

Obviously rural inhabitants are dependent on high 
grade 'urban1 sources of energy for their travel, but 
that dependence is now leading to a withdrawal of the 
means by which to travel, and in a sense 'ruralising' 
villages by isolating them (7 7 ).
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2.1.7, Summary of Rural/Urban Energy Use Differences-

The above is only a brief look at energy use 
discrepancies between rural and urban areas, and a full 
description of survey results follows in section 6 

onwards. The current project is not concerned with 
assessing all differences between rural and urban areas, 
merely in defining rurality in terms of some of the most 
important of these differences.

So rural areas show distinctive energy use 
characteristics, whilst whether or not these 
characteristics are becoming more urban is doubtful. The 
urban decline in the use of solid fuels, particularly 
throughout the 1960's appears not to have affected rural 
areas much, and their dependence on imported coal might 
easily be reversible given the correct conditions, since 
solid fuel appliances" are often quite flexible in the 
type of fuels they can burn.

Perhaps the main problems to be associated with 
rural energy use patterns, aside from dependance on urban 
sources of fuel, are to do with the poorness of the 
housing stock and fuel using appliances. In this sense 
many incomers from the towns, through their command of 
Qreater financial, resources, may be able to improve the 
situation somewhat, if only for themselves.
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Although many of the differences between rural and 
urban areas are self evident, many of the implications of 
these differences may not be. This section has attempted 
to expose some of these implications, through a 
definition of rurality tying it to energy use and 
resource patterns.

Perhaps the main implications of changes which are 
occurring in rural areas are to do with the progressive 
urbanising- influence, which occurs even where rural 
conservation has preserved an ostensibly rural physical 
structure. This urbanising influence is felt in terms of 
the attitudes of incomers, types of land use, social 
structure and the mobility of the richer part of the 
population. The only shift towards a more 'rural' 
influence has been the increasing isolation of the 
poorer, usually indigenous population.

As influences such as working from home, aided by 
improvements in information technology, become stronger 
(15), most of these trends are likely to continue in the 
future.

There is some chance that agricultural forms, with 
mounting concern over conservation and pollution and a 
drive to make better use of local resources, together 
with concern about intensive animal breeding due to both 
the animals' condition and the wastefullness in food 
value terms, might turn back somewhat towards mixed 
farming, to less intensive land use including leaving 
more fallow land, and to greater areas of hedgerow and
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woodland. This is unlikely to happen however, if current 
policies of food production maximisation are not changed,
and, as discussed in section 3.4 , though such a change
might be of practical benefit in 
be retrogressive in principle.

the short term, it would

Given the cont inuation of these trends,
opportunities to utilise rural energy resources could be
capitalised on by small scale investment to help in
reducing rural areas' dependancy on urban areas, though 
it is not clear where the impetus for such development 
might come from, if not born of necessity due to economic 
deprivation.

Whether urbanisation will cause rural and urban 
attitudes to become fused in the rural areas, or whether 
a dualistic society will continue to develop in areas 
affected by inmigration, is also uncertain. The extremes 
of both privilege and deprivation which have always been 
characteristic of rural areas are likely to continue. 
There has however been a shift away from the extremely 
rich individual in the big house, towards a larger group 
who are merely relatively rich compared to the indigenous 
inhabitants.
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2.2. Rur aJL Energy Autonomy; An Introduction to 
Agricultural/Domestic Integration in Rural Energy Use-

2.2.1. Introduction-

Section 2.2 aims to explore the structure and nature 
of rural agricultural and domestic energy use and 
resources at a local scale. A systems approach is used 
to isolate those factors of rural domestic and 
agricultural energy use which are more or less universal 
variables in the developed world, and the potential for 
optimising the use of the rural energy resource is 
d iscussed.

The difficulties of justifying and defining a 
'self-sufficient' approach to the problems of rural 
energy provision are first discussed, and a discrete 
rural system is developed. The intention of this section 
is to move away from the generalities of rural energy use 
towards the generation of detailed survey techniques for 
the study of the potential for domestic/agricultural 
energy integration, and the practical optimisation of the 
use of the rural energy resource base.
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2.2.2. A Justification for a 'Self Sufficiency1 
Approach-

It has been suggested (16), that modern society, 
with the help of its media, has generated a 'crisis 
mentality', which can only identify problems which it can 
perceive as crises. Thus we have 'the nuclear crisis', 
the 'population explosion crisis', and the 'energy 
crisis', as topics of widespread concern, perhaps often 
at the expense of other, more pressing issues. In 
reality, the problems of energy and food provision can be 
considered as economic problems, to do with optimum 
balances, rather than crises. Yet the idea of a 'crisis 
mentality' provides some justification for taking the 
view that a 'self-sufficiency' approach to rural energy 
provision has its advantages.

The types of situation in which problems are turned 
into crises are invariably those in which either a 
unilateral reliance has grown up in one particular 
commodity, as in the 'oil crisis' of 1973, or where the 
number of links between a particular society or community 
and the rest of the world system has grown too large, and 
dependency relationships have arisen, such as between the 
whole world system and nuclear weapons, and the structure 
°f much of world agriculture and food shortages.

34



Thus a greater level of self-sufficiency can provide 
a level of security against turmoil external to the 
system, albeit that it may open up the dangers of some 
other kind of disruption. For instance, due to the 
greater degree of local reliance entailed, greater 
all-round small-scale agricultural energy 
self-sufficiency might render the local system 
susceptible to crop failure due to climatic conditions, 
but it would make it less sensitive to the vagaries of 
international oil prices. However, the basic difference 
between these two possible crisis situations, local and 
global, is that whereas the former can be quickly averted 
by reference to a larger system, in this case by 
temporary food transfer, in the latter case inertia in 
techniques and methods means that solving the problems 
inherent in changing the major source of energy used is a 
long term task with little immediate flexibility. Thus, 
from the point of view of inducing a level of stability 
in the rural system, so long as it is not carried far 
enough to preclude future changes, moves towards 
self-sufficiency can be justified.

On the subject of agricultural self-sufficiency 
Ritson (17) , in common with many other commentators, 
centres the main part of his argument against ideas of 
agricultural self-sufficiency on entirely chauvinistic, 
national economic matters. Defining self-sufficiency as 
"A measure of the proportion of consumption derived by 
domestic farming", he concludes that the only valid 
argument for it is as a means of preserving national
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security in an emergency situation. Thus he takes a 
mainstream economics view of farming, and stresses price
differences between home production and imports, 
advocating continued import where it proves economic. 
Yet as soon as one expands one's horizons to argue from a 
wider rationality, it becomes obvious that such a 
short-sighted, present economics view of domestic 
agriculture is not justified.

Given that Britain has both a large overall 
shortfall in domestic agricultural production, and 
greater technical and monetary resources than most other 
countries in the world, and given the current world food 
shortage, which seems almost certain to worsen in future, 
it seems hard to justify deliberately not making maximum 
use of potential agricultural resources. Under Ritson's 
strategy, we continue to import agricultural produce from 
third world countries which are not producing enough food 
for their own needs, thus providing them with a certain 
amount of foreign exchange, rather than encouraging basic 
needs strategies in those countries. At the same time we 
import on the world market from surplus producing 
countries such as the United States, thus helping to keep 
up world prices, for agricultural commodities above the 
range which could be afforded by the poorer countries of 
the world.

Though it may be the case that the result of 
Britain's ceasing to draw on these countries' 
agricultural surpluses would merely be a drop in
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developed world food production, at least such an example 
would allow more food to be available on the world 
market, if the surplus producing countries chose to take 
the relevant moral, if not necessarily economic, 
decisions. So if self-sufficiency is viewed in Ritson's 
terms, as the proportion of consumption supplied by 
domestic production, there is every reason to aim for a 
greater level of agricultural self-sufficiency.

This concept is echoed by Mellanby (18), in terms of 
agricultural energy use, rather than food production, 
thus: -

"Although British agriculture uses a great 
deal of energy, an amount far greater than that 
stored in the crops it produces, only some 
three percent (19) of our total energy budget 
is consumed on our farms. This seems 
relatively trivial, and any savings by our 
farmers can make little contribution to 
conserving global energy resources. However, 
until recently, the rate of growth of energy 
use was considerable, a reversal of this 
process has occurred, and has clearly affected 
the situation. Further economies in energy use 
in farming in Britain are desirable, but mainly 
to save farmers money and to make farming more 
profitable. But the problem, on a world scale, 
is different. If all farmers in developing 
countries used as much energy as does the 
British farmer, this would seriously affect 
world energy reserves. So, methods of energy 
saving developed in Britain may help those in 
other countries."

So the long-term reasons for adopting a more 
self-sufficient approach, at least to agricultural energy
use and food production, are clear. Yet thus far it has
been assumed that the meaning of the term
'self-sufficiency' is a single and clear one. This is
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not the case, and there is a need to clarify some terms 
and concepts used in connection with this idea.

The concept of the integration of agricultural and 
domestic energy use is a function of the scale at which 
one is looking at a community. Were agriculture not to 
be integrated with the domestic sector at all, there 
would be little point in producing food. In energy use 
however, the products of agriculture and the domestic 
environment are at present little integrated within the 
rural community, at whatever scale such a community is 
considered. For the purposes of this project such 
integration is intended to operate at quite a small 
scale, and to encompass a definition of rurality which 
describes merely those functions which are necessarily 
and universally rural, omitting activities which are 
limited to a few rural areas or which have an urban base.

Due to difficulties of definition, or perhaps to the 
rather cliched image of a small scale rural idyll that it 

conjures up, many authors are loth to study energy in 
terms of 'self-sufficiency'. Indeed Ritson goes sc far 
as to say that, due to the difficulties inherent in the 
definition of self-sufficiency, there is no value in 
discussing it at all (20). Yet merely because the 
definition is difficult does not mean that the phenomenon 
does not exist, or that it should not be studied.

38



Energy self-sufficiency can have two different and 
quite distinct meanings: firstly, it may mean a kind of 
energy equivalence, i.e. that a rural system imports 
energy, but strives to be able to export an equivalent or 
greater amount of energy, perhaps in terms of fuelwood or 
food. Alternatively, a kind of true self sufficiency 
might be aimed at, the achievement of which has more to 
do with the kinds of philosophy advocated by Schumacher 
(2 1 ) and others than with present day societal and 
economic goals. Under this latter system, the aims are 
changed from trying to optimise the balance of inputs and 
outputs to achieve the maximum net gain, to an 
isolationist approach of trying to cut out the input 
sources altogether, perhaps at the expense of the output 
from the system.

There is little to argue with in the first case, 
that of minimising the 'gross energy requirement' (2 2 ), 
or trying to make it negative. However, the idea of a 
high level of true self-sufficiency is a more 
questionable goal. Yet it is reasonable to suggest that, 
if a system can really be isolated and remain stable, the 
reduction of external variables tends to make it more 
robust than it might otherwise be.

So in the context of this study, self-sufficiency 
can be taken to mean the reduction in size of, or 
elimination of, energy links between the rural system in 
question and all other systems, largely by the 
utilisation of indigenous energy resources to replace
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imported resources, and by savings in the total amount of 
energy used, but without diminishing present system 
outputs except in so far as they can be equally well used 
within the rural system.

In this context of course, energy inputs to the 
system do not merely include direct inputs such as 
petroleum for machinery and transport, or electricity for 
domestic use, but also the energy inputs which have been 
consumed in the manufacture and transport of capital and 
consumer inputs such as building materials, plant, 
imported foodstuffs and fertilisers. Any apparent 
increase in energy self-sufficiency must be checked for 
increased inputs of energy in capital, and only internal 
transfers of energy do not need to be quantified. A 
discrete system must be defined which has no overlooked 
inputs or outputs, in spite of the extreme complexity of 
the fully integrated national and international system 
which produces these inputs.

2.2.3. A Rural Energy System-

Any systems approach demonstrates the extreme 
complexity of relationships within and to the outside of 
a rural system, to the extent that the definition of that 
system, however arrived at, tends to become extremely 
arbitrary. Slesser (23), discussing isolated 
communities, states that; "As no man is an island, no
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physical island is an economic island", and that 
interactions always exist with other areas. Newby (24) 
has shown that such an assertion applies sociologically 
as well as economically, thus destroying all illusions 
about rural isolation and stability.

The inability to isolate a closed system applies 
equally to physical, geographical systems, such as 
specific rural areas, as it does to functional systems 
such as 'agriculture', taken as a whole. If rurality 
were to be considered as being defined by, say, rural 
administrative districts, and a system were described 
encompassing this rural economy, it would necessarily 
include all the functions of these areas, which might 
cover a sample of every different type of human function, 
including many of the 'urban' activities of industry and 
the like. Domestic, agricultural, transportation, 
industrial and all service sectors of the economy would 
need to be included, whilst the system would remain an 
open one, connecting to urban areas through every sector.

Yet what it is important to be able to do is not to 
isolate every energy input and output in every area which 
can, somewhat arbitrarily, be described as rural, but to 
consider those factors of rurality which are essential to 
all rural areas, however defined. The system is not 
confined by geographical area, but by rural sector, and 
thus can claim a more or less universal application to 

all rural areas, as defined in section 2.1.3.
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Thus industrial and service sectors are removed from 
the analysis due to the impossibility of generalisation 
about their presence on the small scale in rural areas. 
This leaves agricultural and domestic sectors for 
consideration, with transportation as an essential 
services link between these two sectors and to the 
outside of the system. The resulting system is only 
valid as long as all its inputs and outputs are 
considered, and as a functional, rather than geographical 
system, providing a kind of basic rural area to study 
possible energy interactions. Such a rural
agricultural/domestic system would thus pertain to the 
'most rural* area possible, in terms of the number of 
different human activities occurring, thus avoiding 
problems of defining the limits of rurality by 
considering the extreme case.

Most systems approaches to rural areas which do not 
merely consider one small aspect of the subject area, 
concentrate on biological energy flows, either 
quantitatively or otherwise, from solar energy to food 
and other commodities (e.g. Carruthers (25)), Stout (26) 
9oes one stage further than this, particularly for the 
United States, by itemising and quantifying energy inputs 
to the food production system, demonstrating that for 
every 16 kilocalories of energy fixed in crops, only one 
kilocalorie finds its way into human food, whilst waste 
Products make up some 9 kilocalories. Yet Stout makes no 
attempt to identify either present or potential uses for 
this waste, or to include domestic energy flows in the

42



picture.

A flow diagram (Figure 2.1.), attempts to isolate a 
rural domestic and agricultural system, showing all the 
inputs in terms of direct and indirect energy sources, 
all its exports in terms of useful outputs to other 
sectors, all the intra-sectoral links and the production 
or existence of under or unutilised rural energy 
resources. For the purposes of this research, the 
magnitude of the internal links of different types is not 
important, the importance of the system lies in its 
externalities, the quantification of the rural energy 
resource sector of the diagram, and the minimisation of 
inputs to the system through their substitution by 
elements in the energy resource base.

Elements of the diagram which might be considered 
not to fit strictly into the purely agricultural and 
domestic secotrs are the food processing activities, 
however these are intended to cover on-farm activities, 
without the consideration of which a substantial 
proportion of the agricultural energy flow would be 
omitted. The many service inputs which are outside the 
system are specifically excluded at this stage and their 
existence is merely recorded.
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2.2.4^ A Breakdown of the Rural Energy System-

2.2.4^1^ Energy Inputs-

Energy inputs to the rural system can conveniently 
be split into agricultural and domestic inputs, and 
within these categories, into direct energy use, energy 
in consumable imports to the system, and energy in the 
production of capital equipment.

Direct on-farm energy use might be further broken 
down into, heat and light, mainly used in the shelter 
component for livestock rearing, but also for such 
functions as crop drying; work used for field 
operations; work in on-farm processing activities, and 
work used in transportation.

Stout (27) has shown that for every 16 kilocalories 
°f energy fixed in crops, 1.5 kilocalories, or 150% of 
the eventual amount consumed by humans, is input for 
field operations and transport on the American farm. 
This represents an increase of some ten times of the 
amount of energy input into farming since the 1920's, 
during which time there has been a corresponding decrease 
ln the number of man hours of farmwork, to about 2 0% of 
the 1920 level (28). That both changes can occur 
SlIT,ultaneously demonstrates the huge reliance which has 
eveloped over the last 60 years on fossil fuel power,

■p rrom an earlier/total reliance on human and animal power.

/
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The use of commercial energy sources has risen to 
the extent that, if we were living in an economy whose 
currency was measured in terms of energy, recent yield 
increases would seem counter-productive when set against 
the additional fuel needed to obtain them. For instance, 
a traditional form of rice production such as that 
Practiced in the Philippines achieves yields of 
I250kg/hec, for a commercial energy expenditure of 173MJ, 
whilst modern American rice production achieves yields of 
5800kg/hec by expending energy amounting to 64885MJ (29) . 
Thus a 4 fold increase in yields is achieved only at the 
expense of ' a 400 fold increase in energy consumption, 
with around half this figure being attributable to direct 
on-farm energy inputs.

1
In Britain the replacement of the 0.1 to 0.2 

horsepower output of the average agricultural worker by 
Vast amounts of readily available energy in petroleum 
Products, has enabled output per worker to rise from 
around 500kg/annum to around 10000kg/annum, allowing each 
a9ricultural worker to feed an average of 50 other 
people, whilst average energy use per worker has risen 
from 1000MJ/annum to 100000MJ/annum. (78)

This freeing of the agricultural workforce, made 
Possible by the use of commercial energy, is one of the 

m°st important factors enabling the development of a 
country, yet the past tendency to maximise, rather than 
°Ptimise, external energy inputs, is one which no longer 
Seems appropriate in a more energy conscious world.
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Stout estimates that the total energy inputs to 
agriculture in the UK outweigh food energy outputs by a 
factor of nearly three, with direct energy, excluding 
transport off the farm, making up nearly a third of the 
total. By far the bulk of this direct input comes in the 
form of diesel or gas oil for power units, electricity 
for non-domestic uses, and petroleum for heating and 
drying. This is a similar balance of uses, if not of 
fuels, to that discovered in the survey areas.

As well as direct inputs to the 
agricultural/domestic rural system, the energy involved 
in the primary production and manufacture of imported 
commodities must be considered. This of course 
represents a long chain of energy interactions, which, if 
taken to its logical conclusion, would eventually 
encompass the whole national and international economy, 
and the accurate calculation of indirect energy inputs 
i°r each commodity becomes an impossibility. Figures do 
already exist for these energy inputs however, based on 
their proportion of national energy consumption.

The main consumable, commercial indirect energy 
rnputs to agriculture are nitrogenous, phosphoritic, 
P°tassium and lime fertilisers, pesticides and 
^erbicides, and maintenance work to plant and buildings. 
These items together make up around 30% of total 
a9ricultural energy inputs, with nitrogenous fertilisers 
making up some 60% of this figure.
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Total energy expenditure in the manufacture of 
nitrogenous fertilisers amounts to 2180PJ worldwide per 
annum, producing an average of 0.059 tonnes per hectare 
for cereal crops, which rises to 0.16 tonnes in Western 
Europe. This sum would represent an application of 
'average' manure of a dry weight of nearly 1 tonne per 
hectare per annum.

Significant amounts of phosphorous and potassium, as 
well as nitrogen, are also to be found in organic manure, 
as shown in table 2 .2 .

Table 2.2. Comparison of the Nutrient Contents of Manure 
_an<3 Fer til iser- (31)

Nutrient Total 
(0 0 0 ' t.)

Kg. £er 
dry tonne

Pounds per 
wet tonne

Nitrogenmanure 7367’ 31 10far t i1 iser 7540 191 -
Phosphorousmanure 1463 6.2 2far tiliser ' 2222 56 -
Potassiummanure 5342 22 7
fertiliser 3836 97 -

Of the total indirect consumable inputs, the energy 
used in pesticide and herbicide production accounts for 
s°me 1 0%, whilst no direct substitution possibility 
?xists for these items. There is however scope for the
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indirect substitution of these elements by such measures 
as on-farm monitoring of pest attacks, better weeding 
procedures, and by gaining increased knowledge of such 
factors as pest life cycles. This enables the control of 
pesticide applications in more sensible ways, so as to 
regain a level of self-sufficiency in these inputs 
without losing any production.

Thus, as with direct energy inputs, it is possible 
to identify possibilities for the reduction of demand for 
external energy consuming inputs.

Capital equipment on farms, in terms of buildings, 
Machinery, fencing and the like have, as well as running 
costs, energy costs inherent in their manufacture and 
distribution, and in the case of buildings, a highly 
variable on-site energy cost of erection.

Variations in the energy capital cost of machinery, 
aside from savings which might be made in manufacture, 
are a function of the level of on-farm technology 
employed, and would tend to vary in proportion to the 
amount of on-farm direct energy use in the form of 
Petroleum products. It is in farm buildings that the 
9teatest variation takes place in the amount of external 
energy used in production. Traditional building methods 
Used little energy which was not produced entirely within 
the agricultural/domestic rural system, whilst the modern 
farm building, minimising local energy use,maximises the 
external energy use needed in its production.
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Capital energy inputs have a dependant relationship 
to other inputs, since they depend very much on the 
methods used on the farm. Although the total amount of 
such inputs is only around 15% of total energy inputs to 
farming, at 54.54PJ per annum in the U.K. (32), large 
changes in these inputs may have a considerable impact on 
potential energy savings.

The basic uses for direct energy within the domestic 
environment are; heat, light and power used within the 
dwelling, and energy used in personal transport within 
and to the outside of the rural system. It is in these 
areas that energy use has recieved some of the greatest 
interest, and has become part of public policy in a 
number of different ways.

Personal transportation is perhaps the most studied 
form of rural energy use, albeit not always viewed from 

an energetics point of view. The relative ease with 

which transport can be related to much studied and easily 

observed geographical settlement patterns, and the 
relative speed and ease with which conclusions on 
transportation patterns can be incorporated to some 
e*tent into public policy through public transport 
systems, make it a clear cut and much studied area of 
rural energy use. In rural areas transport is a 

Particularly important factor, in as much as there is an 
immediately obvious necessity for more energy to be used 
here per capita than in urban areas. It is also an area 
lri which use has been rising more recently than in other
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sectors, for whereas, between 1971 and 1981 national 
energy use dropped by 10%, in transport it rose by 17%.

Solutions to the provision of transport in rural 
areas have been suggested which, though they do not 
specifically aim to reduce energy use, tend to have this 
effect as an incidental gain. Thus such solutions as the 
post bus, travelling services, transport brokerage etc, 
tend to use less fuel per passenger mile than the private 
car.

For the purposes of this study, the assumption is 
made that the only personal journeys which need be 
considered are journeys to work.

The use of energy for power, heat and light in the 
household is a major consumer nationally, with domestic 
sPace heating figuring as the largest single energy use. 
Space heating requirements per dwelling are also likely 

to be higher, as described in section 2.1.6., 

Particularly in the unfavourable climate of the Northern 
Scottish survey areas. It is the task of the surveys to 
ascertain how far opportunities for energy saving by such 
Measures as optimising amounts of living space per 
Person, improving building structure, insulation 
Provision, juxtaposition of new buildings, fuel 

Sut>stitution and changes in fuel conversion equipment can 
assist in achieving a greater level of local energy use 
autonomy.
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Domestic consumer goods are such a widely diverse 
field that they defy proper categorisation. Many such 
consumer goods would be difficult to substitute without a 
regression to the lifestyles of previous a g e s , in which 
the range of available goods was drastically reduced. It 
is certainly beyond the scope of this project to suggest 
such deliberate deprivation unless attitudinal surveys 
and future forecasts point to an actual movement in this 
direction.

Only in the field of agricultural produce can any 
suggestions be made, and a localising of food 
distribution, together perhaps with a reduction in 
Present levels of packaging for many foods, might help in 
substituting energy imports. Yet this is already done to 
an extent in most rural areas, and in energy terms, the 
quantities involved are minimal.

In the domestic sector, as in agriculture, many
major capital inputs are directly related to measures
taken in direct energy use conservation. Thus the
tnsulation cost of housing is a capital energy input
variable. Energy use in construction is also a variable
which can change with construction materials and method. 
Thnus vernacular building forms consume much less imported 
energy in their construction than more modern forms, 
albeit that much of the material may come from a part of 
the total rural system far removed geographically.
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In certain circumstances the capital energy 
requirements of buildings are by no means an 
insignificant proportion of the running costs. Wright 
and Gardiner (33) , give figures of 7GJ/m2 for capital 
energy costs in dwellings, and 0.16 to 0,9GJ/m2 for 
annual energy running costs, or a pay-back period of 
between 8 and 44 years. These figures are however rather 
low for running costs and high for capital costs, being 
for urban, high to medium rise flats. Detached rural 
dwellings could be expected to have higher running costs 
and lower capital costs.

The energy cost in construction of the private car 
is also a major item of consumption, yet aside from 
Perhaps suggesting smaller cars or better public 
transport, it is beyond the scope of this study to start 
suggesting changes in production line methods.

j.4.2. System Outputs-

Useful system outputs from agriculture are, human 
food, both processed and unprocessed, animal and plant 
derived, and non-food outputs such as wool and timber. 
Animal feeds might be exported from the geographical 
area, but remain within agriculture.
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It is outside the scope of the present research to 
suggest changes in food producing patterns which might 
lead to energy savings in this area, and only presently 
wasted products for which a use might be found can be 
considered. Only when such resources are too large to be 
used within the agricultural/domestic system do they 
become system exports.

Aside from sewage and domestic refuse, the only 
domestic system output or product for general use within 
and outside the system is human work. The use of this 
resource within the rural system has decreased 
dramatically in the past due to decreases in agricultural 
workforce, to such an extent that human work, unlike in 
many third world countries, can no longer really be 
considered as a significant energy source. A suggestion 
ln round one of the Delphi survey that more agricultural 
operations could be done by hand, thus saving energy, was 
n°t well received by panelists.

The main additional uses for excess human labour 
which can be found, in an energy context, are fuel 
lathering operations, where the energy output is far 
greater than the energy input.

Domestic refuse and sewage, though considerable 
energy sources on a national scale, are insignificant in 

sParsely populated rural areas, and whilst the use of 
domestic refuse is probably already quite high, 
0r9anising the use of sewage, either as a fertiliser or 
as a fuel, is difficult in the small-scale situation.
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All the inputs to the agricultural/domestic system 
described above, with the addition of the solar radiation 
resource and other renewable sources, combine to provide, 
as well as the system outputs described, a large rural 
energy resource, defined as the under or un-utilised or 
wasted process energy which is likely to be common to 
roany or all major rural areas. Many of these resources 
could be added to if major changes were to be accepted in 
the structure of agriculture, for instance if the 
national diet were to shift away from a concentration on 
animal products. But for the purposes of this study, 
food production patterns are assumed to remain more or 
less static.

The rural energy resource can be broadly broken down 
tnto; process wastes, the results of the lack of 

utilisation of the energy products of deliberate, human 
controlled processes; land based resources, the 
Potential in land which is presently not controlled by 
human activity; and under-utilised resources which do 
n°t rely directly on a particular acreage of land to 
determine their size.

Under the category of process wastes would come 
Cr°pping residues such as straw, animal residues such as 

^Un<3 • food and non-food processing wastes such as 
forestry waste and perhaps inefficiencies in grassland 

utHisation bŷ  animals, domestic refuse and sewage, and



direct heat, light and power wastage through such factors 
as poor building insulation.

The land based unused resources include; first and 
foremost, direct solar incidence on all land unused for 
crops, which might be used more or less directly or by 
processing it through photosynthesis; presently neglected 
or underutilised areas of land such as natural 
vegetation, shelter belts and other untended forest and 
woodland, hedgerows, and poor heath and moorland; and a 
resource found in only certain areas which, though a sun 
derived one, is to all intents and purposes non-renewable 
and thus finite, peat.

The resources which are not so directly based on 
land area, but which one would expect to find some 
evidence of in most rural areas, albeit in varying 
quantities, are renewables like wind and water power, and 
underutilised human work.

Thus, aside from domestic wastes and the direct 
wastage of fuel in the dwelling, all the resources fall 
outside the domestic sphere and are more agricultural in 
nature. Yet as a major user of energy (some 20% of 
oational consumption (34), which would convert to 
something like 4% of national energy consumption in rural 
domestic situations, rather more than total agricultural 
energy use), dwellings provide a useful potential outlet
c0r the more agriculturally based products.
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A summary of the unutilised or underutilised rural 
energy resources mentioned above is shown in Table 2.3. 
The figures in this table ought to be taken as 
demonstrating the order of^magnitude of the potential, 
rather than representing a necessarily realistic 
prediction under any particular scenario.

Each resource in the table represents an attainable 
useage level, so that the use of present waste products 
is maximised, as is the use of biofuel crops, whereas 
such resources as solar and wind are more conjectural, 
with very little limitation on the size of the resource, 
but considerable limitations on the technical diffusion 
and capital investment needed to tap them. Resources 
which would not be common to all rural areas, such as 
coastal and sea resources like tidal and wave power, are 
omitted, yet the semi-industrial base which is needed for 
the exploitation of some resources moves outside the 
purely agricultural/domestic rural system to include 
certain new rural industries.
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Table 2.3. Summary of Br itain1s Rural Energy Resource- (7 6)

Resource

Cereal straw 
Wet crop residues 
animal wastes 
forest thinnings , 
wood residue 
domestic wastes sewage
direct energy losses(a) solar cells 
solar water heat 
domestic passive solar (b] 
new forestry(c) 
bracken
woodland on farms catch crops 
mixed cropping
Peat(d)wind
hydro(e)
human work 
T°TAL(f)

TOTAL n a tio n a l  energy 
u se . .

POTENTIAL CONVERSION
SIZE (PJ) METHOD

147.90 direct burning
15.80 methane
114.00 methane
12.00 direct burning
21.64 direct burning
4.00 direct burning/methane
4.00 methane
63.30 conserved
- electrical
- hot water
3 8.00 direct heat
400.00 direct burning
25.80 direct burning/methane
15.27 direct burning
174.00 methane
- methane
252.00 direct burn/liquefaction
- electrical/mechanical
86.40 electrical/mechanical
0.81 mechanical substitution
1212.92PJ/annum

8600.00PJ/annum

NOTES-

Calculated as 33% of space heating requirement. 
b* 20% of total space heat useage.
c* Based on 15 tonnes dry matter/hectare/annum, 1.3
pillion hectares.
d- Based on a depletion rate of 24m tonnes/annum for 
Scotland alone, reflecting a 100 year period to 
depletion.

Assuming use of all streams presently unused.
E* Not including solar or ind resources, for which total 
Resource figures are rather meaningless, particularly in 
bhe case of solar, since theoretical resource figures are 
hu9e, but bear no relation to the actual resource use
Potential.
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Figure 2.2. FLOW DIAGRAM OF RURAL ENERGY RESOURCES AND USE.
(Figures in picojoules)

I SER VICE SECTORS I
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The quantification of resources enables amendments 
to be made to the flow diagram in figure 2.1«, and thus 
figure 2.2. shows this rough quantification and 
endeavours to show how the rural resources might be 
linked back into the agricultural/domestic system to 
lessen the load of energy inputs and increase levels of 
autonomy.

2.2.5. Reg ional Variations in the Rural Energy Resource-

The resources described above could not be said to 
be spread evenly across the whole national rural system, 
but will vary regionally, necessarily making any study of 
them on the ground biassed in favour of the resources 
which figure most prominently in the area under study.

Regional variations occur due to agricultural 
systems, climate, topography and settlement pattern. 
Thus, for the North of Scotland, less prominence will be 
9iven to domestic refuse and sewage, cereal straw, solar 
Power, catch crops and human labour than say in East 
^n9lia, where the climate is warmer, human settlement 
m°re dense, and cereal monoculture on a large scale is 
the predominent agricultural pattern. On the other hand, 
ln the North of Scotland, the use of animal wastes, 
forestry, peat, wind and hydro power is likely to figure 
m°re prominently than elsewhere. Thus generalisations
about energy resource use extrapolated from one area to
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another need to be made with care if they are to have any 
val id ity.

The physical size of the resources is not the only 
factor influencing their use or potential, other factors 
being the level of technology available, the discrepancy 
between conventional and energy based economics, the 
locational fit between resource availability and area of 
usage, and attitudinal factors affecting the diffusion of 
resource use to all areas.

The data gathered in the questionnaires therefore 
bad to fulfil these requirements, assessing resource and 
USe size and potentials in areas of different 
agricultural system and land quality, the physical fit of 
the resource to the use, the technology available for the 
use of the resource, and attitudes to the conservation of 
energy and the use of local resources.

A requirement in testing the initial hypothesis is 
t° show, in order that there can be a resource use 
Potential, that a rural energy resource exists. This 
section having demonstrated the existence of such a 
Resource, Section 2.3 goes on to look at the means 
available to tap it.

✓
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2.3. Energy and Economics, j3 Look at the ' Energy 
Accounting1 of Small-Scale Rural Energy Projects-

2-3.1. Introduction-

.In order to test whether the potential for a degree 
of rural energy autonomy exists, it is important to 
explore the availability of and economics of the 
technology for the use of the rural energy resource. 
This section does this, looking also at changing 
attitudes to the economics of energy resource use.

When loosely defined as *a study of the value of 
energy resources and use*, the area of 'energy economics 
might include anything from a treatise on O.P.E.C. 
policies to a decision as to whether or not to buy an 
electric fire. Traditionally however, all facets of 
energy economics have been firmly grounded in the 
operation of the marketplace, (and in national politics) , 
with little thought to a future beyond the timescale of 
conventional financial accounting.

Largely since the ‘energy crisis' of 1973 however, 
(though there had been mutterings for many years 
Previously), a new set of 'energy economics' fields has 
arisen. These initially set energy aside from 'the 
lnar ketpl ace' as such, and treated it simply as a resource 

in its own right, generally to be viewed over a long time 
h°rizon. Yet from this resource based starting point, 

of these, approaches eventually arrive at some form
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of monetary analysis, usually based on a hypothetical 
future, through which to justify their often moralistic, 
resource based initial stance.

Thus a dichotomy exists between these two basic 
standpoints, resource based and market based, and their 
differences arise, not just on matters of detail, but in 
their initial assumptions and terms of reference.

This section will argue that the duality of thinking 
on energy economics is not confined to a trend towards 
'doom-laden prophesy* on global resource depletion, but 
-̂s, for whatever reason, filtering down to the attitudes 
°f individuals in society. Many of these individuals 
will be those viith money to spend, and their terms of 
reference may no longer be confined to present day 
monetary economics, but may embrace some of the resource 
based thinking per-se, which, though it may become 
reflected in the market place of the future, lies outside 
todays conventional economics.

As such thinking relates to individuals who may only 
roake up a small minority of any rural community, it may 
n°t be relevant to most rural people, but since such 
individuals may have a powerful influence over land and 
CaPital, their decisions are likely to affect rural areas
considerably.
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2.3.2. Energy Econom ics in the Context of Chang ing 
Attitudes-

2.3.2.1. Introduction-

In the wake of late 1960's idealism, and the
subsequent econom ic and energy crises of the 1970's,
whole new approaches to many issues have arisen,
characterised by an, often naive, 'moral' or idealistic 
approach, rather than a purely economic or overtly 
self-interested one- Examples of such movements might 
be* peace movements, environmental pressure groups. 
Third World concern (the latest and most dramatic 
expression of which has revolved around the famine in the 
Sahel), 'Green' parties, vegetarianism, 'prophet of doom' 
fcype global forecasts, interest in renewable energy, 
alternative forms of medical treatment, and a whole range 
of 'alternative lifestyles'. Such movements are linked 
together, not by their importance, which is highly 
varied, or their validity, which is often questionable, 
*Dut by their common break with conventional monetary 
ec°nomics and national politics as main motive forces. 
^ 1  these movements claim a sort of morality as their 
3Ustification, and most share a refusal to discount the 
long term future in the way that is conventionally done 

straightforward monetary economics.
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2.3.2.2. New and Conventional Economics in a
Post-Industrial Society-

Much has been written postulating the idea of a
'post-industrial* society under one guise or another
(35), suggesting the ways in which such a soc iety might
develop. Earlier attempts were largely doom 1 aden
forecasts of the consequences of unchecked western 
material ism and industrialisation, though latterly they 
have attempted to structure alternative futures and an 
alternative economy.

Perhaps contrary to popular belief, these works do 
not align themselves with the traditional left wing, nor 
indeed do they have any conventional political 
affiliations (if anything, their view of the individual 
in society is a self-interested, somewhat capitalist 
°ne). Nor are they all united by a general abnegation of 
the ideals of economic growth.

What does unite them is the adoption of a longer 
timescale than that of conventional economics, not only 
ln looking at the future, but also in drawing lessons
f r°m the past, leading to the conclusion that present day 
lifestyles are not inevitable and cannot be extrapolated 
lnt° the future, but that they result from certain 
sPecific events in the past, notably those events 
COr>nected with the industrial revolution. Thus
j k  jQustrial society is seen only as a development phase 
n̂'Uch as capitalism was to Marx), which even now is
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passing, to be replaced by something else Often this
'something else' is characterised by; a 
'self-sufficient' lifestyle in the broadest sense, 
including a move towards rurality, economic pluralism and 
a more informal employment economy, the erosion of 
nuclear forms of family and replacement by extended 
families or non blood-related groupings, a smaller scale 
of development more 'appropriate* to small communities, a 
concern with the 'environment' and 'ecology', and a 
general humanitarian type of morality, usually concerned 
with lessening the gap between 'north and south*. All of 
them also share the break with conventional economic 
thinking, particularly a dislike for extrapolating 
economic trends, though most, under criticism for naive 
idealism, have tried to construct a kind of monetary 
economics around their ideas to lend them, credence.

The influence of these general economic thinkers has 
been compounded by the work of people such as Schumacher 
(36), whose philosophical brand of economics have been 
backed up by the 'alternative technology' movement, which 
has developed various products as concrete expressions of 
tbe validity of the new economics. The growing interest 
ln the technology of renewable energy, as it has spread 
from small numbers of 'eco-freaks' to large engineering 
firms and multinationals, is another expression of this
Movement.

66



The concept of a 'post-industrial' society has 
received much attention in recent years, and as a general 
idea it would seem to be beyond question, yet the form 
which such a society might take is in considerable doubt. 
It is suggested that one of its facets will be a partial 
departure by many people from conventional economic 
thinking, in the name of some kind of morality, with 
decision making based on somewhat different criteria. 
This is a view that is at least partially endorsed by the 
resulting scenario of the Delphi survey.

Table 2.4. suggests how this might affect thinking 
°n energy matters, by offering a series of opposite poles 
ln the way people consider issues, with most views 
falling somewhere along a line between the two poles. 
Some of the terms used in table 2.4. are rather emotive 

and difficult to define, but they represent broad 
thinking patterns rather than hard science, and in as 
ropch as they remain ill-defined in the minds of their 

adherents, do not require close definition.
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Table 2.4. Changing Priorities in Issue Definition.

Issue ' Alternat ive' Conventional
Viewpoint Viewpoint

Global New Economics ConventionalEconom ics
post industrial 
often emotive

extrapolations
Resource based Market based
low or no growth exponential growth
'Green politics' existing parties

National Low energy plan Conventional energy
energy (Leach (37)) scenarios (DOE/Watt 

(38))
Small scale Energy Analysis Conventional
energy econ. Economics
Lifestyles Ecological Econom ic

(pressure groups 
vegetar ianism, 
low energy consumpt., 
rural inmigrants etc.)

(materialist)

Individual 'Alternative energy' Cheapest energy
(renewables; solar source, outlay
panels, wind, quickly discounted
woodburning) over time.
Possible positive effect 
of time on money

The above hardly represents a comprehensive review
of the 'al ternative economics' movements, but is merely
ihtended to point out the similarities between many such
in<Hv iduals and groups, albeit that they may differ in
many ways as well. It is suggested that the validity of
these new ways of thinking is largely irrelevant for our
Purposos, and that the mere fact of the ir profusion, and
the diffusion 0f interest in them throughout society,
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might make many of their prophesies self-fulfilling«

If enough people have enough interest in any of the 
propositions of the 'alternative economics', and choose 
to adopt lifestyles coincident with the suggestions of 
such movements, then decision making in some quarters wil 
need to move, partially away from the traditional 
marketplace and take other factors into account, to 
reflect the changing values of individuals.

As in other areas, for instance architecture, 
economics are by no means an individual's only concern, 
so this might come to be more and more true of other 
investment, such as investment in means of providing 
energy.

World Energy - The Market Versus The Resource-

A key element in much of the alternative economic 
linking is the energy resource. As a major input into 
s°ciety energy is seen, not exclusively as a commodity 
subject to the laws of supply and demand, but as a finite 
resource which, unlike other materials, is inevitably 
being progressively lost from the earth. The abundance 

solar energy in its various forms has led to many 
attempts to tap this low concentration energy for use in 
m°re highly concentrated applications, but it is 
basically the depletion of fossil fuel resources that has 

to a departure from purely economic thinking on
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energy by such workers as Foley, Chapman and the Club of 
Rome (39) . These individuals have replaced the market 
with the dwindling resource as the main focus of concern.

The resource depletion approach also gains credence 
from the pure sciences, particularly the laws of 
thermodynamics, as interpreted by Soddy (40) and others. 
Their views support the idea of energy resources as 
fundamentally different from other resources in their 
ability to be depleted.

Central to these arguments is the traditionally 
assumed linear- relationship between energy use and 
economic growth, and most of the resource based forecasts 
either argue that growth should be restricted and 
replaced by stability, or nil growth, or that the linear 
relationship can be departed from to allow economic
9rowth in an atmosphere of static or decreasing energy 
use.

These views on the fossil and nuclear energy 
resource have created much interest in renewable energy 
sources, and the new developments of what is essentialy 
age-old technology to harness wind and water power in 
Particular. Solar design has also given new impetus 
°^d ideas of passive solar building design, with pos 
industrial modernity giving way to traditional forms and 
9feat concern over energy use.
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Thus a growing number of people see the resource 
based approach as being 'appropriate' and 'ecological' 
for two reasons. Firstly, a relevance to the future is 
perceived, with a need to conserve energy for future 
generations and soften our impact on the environment; 
and secondly, these approaches often seem relevant to the 
past, using technology which allows possibilities for 
nostalgia in an age of reflection.

2,3.2.4. U.K. Energy Models-

In the past ten years there has been something of a 
departure in some quarters from conventional economic 
analysis in energy forecasting. Some largely 
extrapolative forecasts have adopted a 'scenario' 
approach, postulating a wide spectrum of long term 
possibilities for energy development (41). More 
importantly, others have taken a rather 'utopian' 
approach, and manipulated the future to demonstrate 
extremes, such as the possibilities for energy saving, 
and developing a 'low energy society*. (42)

The Department of Energy's (D.O.E) 7 scenarios (43) 
do take account of resource deletion, and contain 
scenarios with low economic growth, and low growth m  
energy use, but they do not allow for a break with the 
traditional one to one relationship between energy use 
and G.n .p . They are built around macro-scale forecasts, 
and concentrate on generating capacity as a measure
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the potential use of energy. Therefore, even in their 
low energy use scenarios, by concentrating on the
generation side, rather than the use side of the
equation, they are basically energy use maximisation 
strategies.

Leach, on the other hand (44), is able to break the 
connection between G.N.P. and energy use, by 
concentrating, not on energy production, but on energy 
use. This becomes basically an energy minimisation 
strategy. Leach's work looked at the energy use of all 
sectors in society, such as Domestic, Transport, 
Industrial sectors etc., and suggested ways in which, 
whilst still allowing for the relatively high economic 
growth suggested in some of the D.O.E. scenarios, energy 
use could be stabilised or reduced.

For instance, in the agricultural sector Leach shows 
that, in spite of agricultural energy use having dropped 
ln the middle 70's, more can be saved by relatively 
Simple measures, such as electronic control of building 
fuel use and machinery, and night "insulation of 
greenhouses, allowing for a 30% saving, a quite 
conservative proportion of the potential, over a 34 year 
lead time.

Similarly, a change in technology, as well as simple 
Saving strategies, is able to save 35% of energy use in 
fhe food and drink industries, and this without changing 
fhe nature of the product in any way, such as by reducing 
PQckag ing.
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The net result of this is that, taking high growth 
projections of up to 3%, and further growth in such high 
energy factors as car ownership, fuel use, though rising 
a little up to 1990, falls thereafter to get below the 
1976 figure again by 2020. The low growth projections 
still allow for a high of 2.5% growth, and a G.D.P. more 
than doubling by 2025, yet with energy use 22% below the 
1976 figure.

By building a hypothetical economy from the bottom 
uPf rather than assuming long-term links between energy 
and the economy, potential savings are shown which make 
d *0.e. low energy scenarios look like strategies for 
getting rid of fuel.

Although Leach's suggested future is a manufactured 
0nef and is not put forward as the most likely course of 
action, such 'prophesies' might become self-fulfilling.

there is enough concern over energy use, and this 
concern is backed up by such 'feasibility studies', then 
there is sufficient reason to suppose that the future 
rnî ht bring more and more moves towards energy use 
minimisation on the part of individuals, and if such 
Sentiment is powerful enough, it might transcend monetary 
economics in some cases, and intelligent energy saving 
might become an end in itself.

The above scenarios are further discussed in greater
(3 0 t A T 1 '

11 in section 3.1* which looks at wider futures than 
t hoSe for renewable energy projects.
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2.3.2.5« The Effeet of Resource Thinking on Project 
Economics-

Various attempts have been made to bring concern
over energy from the resource point of view into the
realms of individual proj ect pianning and economics.
These attempts can be broadly grouped under the heading
Energy Analysis.

Originally developed to trace flows of energy 
through natural ecosystems, the aim of energy analysis, 
for our purpose, is to calculate the energy inputs 
required for any project, (which could be anything from 
the construction and lifetime operation of a nuclear 
Power plant, to the expansion of output from a farm). In
this process the monetary unit of accounting is replaced 
by some energy unit, such as Megajoules, Kilocalories or 
Kilowatt hours. Net energy analysis is a variant of 
energy analysis which goes a stage further, and assesses 
the amount of energy remaining for consumer use after the 
energy costs of finding, extracting, upgrading and 
delivering the fuel have been paid.(45)

The methodology raises energy per se to a level of
great importance and, in its purest form, allows energy

take precedence over all monetary economics and the
Value of human labour. Often it is intended to be used
ln tandem with monetary methods, to provide a simple
9uide for decision makers as to the energy
C Karocter istics of projects. Of course this still leaves
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the problem of how to compare the two evaluations, with 
their different units of accounting, but if used a lot, 
energy analysis is likely to increase the perceived 
importance of energy production and use in many spheres 
°f life. As it is largely concerned with the resource, 
energy analysis is generally concerned with the use of 
'stock' rather than 'flow' resources, and thus direct 
solar energy use can be omitted as a cost.

The methodology of energy analysis aims to produce a 
set of energy requirements for all commodities produced 
and used, as well as energy use outside the direct 
commodity production. Its principal techniques are; 
process analysis, statistical analysis and input-output
analysis.

Process analysis involves the identification of the 
hetwork of processes involved in the production of goods, 
fche analysis of each process to determine its set of 

ihputs, and the assignment of an energy value to each 
input. These energy inputs can then be summed to give a 
total energy cost for the project.

Statistical analysis apportions energy cost per unit 
°f output by using published statistics to build up total 
energy cost as a factor of the various different inputs.

Input-output analysis uses an input-output table to 
Calculate the list and quantity of commodities required 

Produce any given good. Monetary terms must be 
ePlaced by primary energy terms in the tables to present
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a true energy analysis.

Whatever method is used, energy analysis mirrors 
Leach's approach, building up a picture of energy use 
from the bottom up, using a breakdown of constituent 
Parts, and makes a break between monetary and energy 
terms. if any notice is taken of it in decision making, 
it is likely to increase the perceived importance of 
energy as a constituent of any project.

Yet the apparent purity of the energy analysis 
approach, in terms of its ability to gauge energy inputs 
objectively, is not as great as it first appears. By 
removing money as the unit of accounting, one has removed 
not only the illogicalities, in energy terms, of monetary 
values, but also the means of gauging the relative 
usefulness, and therefore value, of different energy 
sources.

The monetary values of the marke 
able to allow for the fact that 
electricity, for instance, is more 
ec3uivalent kilowatt hour of coal, o 
w3ste power station heat. There 
things that can be done with electr 
done with a slightly warmed bucket o 
market values presumably make some 
whilst energy analysis values do not 
have been considered for dealing 
deluding separating all types of fue 
attempt to aggregate them, so tha

t are perhaps better 
a kilowatt hour of 

valuable than the 
r a kilowatt hour of 
are obviously many 
icity that cannot be 
f water. Monetary 
allowance for this, 
. Several methods 
with this problem, 
Is, and making no 
t a project would be

//
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described as having used 1 tonne of coal, 1/2 a tonne of 
oil and 1000KWh of electricity, for instance. But moves 
of this nature make a nonsense of what transferability 
there is between fuels, and make project comparison 
impossible.

Another problem which makes energy analysis less 
objective than it might be, is the need to put limits on 
how far back one goes in apportioning energy costs. For 
instance, one might include the energy costs of producing 
and transporting cement, and the energy used in running 
the cement mixer, but does one include the energy used in 
waking the cement mixer and the shovel, or even the 
energy used in making the tools needed to manufacture a 
cement mixer? Similarly, is one bound to have statistics 
0n use of energy in overseas industries to trace back the 
'energy content' of imported goods.

Whilst the monetary unit of accounting naturally 
9ives an informal value to every facet of production in 
this way, to apportion energy values is much more 
difficult, and this means that various artificial limits 
wust be set on the extent of the analysis.

Thus energy analysis as a discipline has many faults 
which should be recognised, and cannot give a sufficient 
Value to needs such as human labour, yet whilst being 
Useless as a single decision making tool, it may have 
considerable relevance when used in tandem with monetary 
analysis, to anyone with an interest in the energy 
res°urce and its conservation. The use of any analysis
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of this kind is likely to lead in the future to a greater 
importance being placed on energy in projects, which is 
in turn likely to be reflected in the monetary value 
system of the future.

j.3.2.6. A Partial Move Away From Profit Maximising by 
Ind iv id ua 1 s-

It has always been the case that some individuals' 
Priorities are not entirely profit maximising, even if it 
is only those individuals who can afford such a luxury. 
The question is whether the numbers of such people are 
likely to increase, and if so, what form their detachment 
from pure economics is likely to take. Certainly factors 
°ther than economics have played an important part in 
society in the past. The medieval church, for instance, 
whilst a very efficient self-supporting means of 
extracting money from the population, hardly seems to 
have provided a very useful economic service in return. 
Where wealthy landowners were prepared to support 
Monasteries, at huge expense, the only service they were 
buying was peace of mind. By the same token, if the 
religion' of the future is 'conservation', 'back to 

nature', 'spaceship earth', then the wealthy landowner 
maY well wish to invest in wind generators and solar 
Par>els, not necessarily for economic reasons, but to 
Purchase the same peace of mind.
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Although it is possible that 'appropriateness' and 
concern for the future is only a short term 'fad', 
prevalent amongst a small minority, it is equally 
possible that this is likely to be the shape of a 
'post-industrial' future, in which energy, along with 
food, is likely to have a value not initially based on 
market economics.

The following sections exemplify this dual approach 
by presenting some simplified economic and energy 
analyses of various different energy schemes. Projects 
are in the main fairly small, whilst concentration on 
renewables reflects the concern with resources, all net 
energy produced can in effect be treated as an addition 
to the resource.

The specific nature of the projects considered means 
that the ability to generalise to wider rural areas is 
limited, yet these projects cover the whole range of the 
rural energy resource considered in section 2.2., and 

exemPlify the kinds of ways in which this resource might 
be utilised, whilst itemising the necessary imports of 
energy into the rural agricultural/domestic system.
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2.3.3^ Assessment of Projects-

.2.3. 3.1._ Wind Energy Proj ects-

Although solar water heating has had perhaps the 
greatest impact of all the renewables in recent years in 
small scale projects by individuals, it is wind energy 
that has perhaps most captured the imagination as an 
'environmentally conscious' means towards 'self 
sufficiency' and the use of free resources. It is also a 
Particularly suitable, renewable for northerly latitudes, 
where solar power may be of more limited use, and has 
received much interest in the academic world, despite 
constant claims that not enough money is available for 
research.

Practical proj ects might range _ from small
windchargers, charging batteries for use with electric
fences on hill farms and estates, (perhaps, when all is
said and done, one of the most viable uses for the 
resource), to multi-megawatt generators linked to the 
local network electricity supply, of which a few already 
exist, primarily in the U.S.A. and Scandinavia, whilst a 
3 megawatt machine on Orkney is due for commissioning in 
1987. The recent Energy Act, allowing the sale of power 
bV private generators to individuals as well as the 
electricity boards, bringing Britain into line with many 
°ther western countries in this matter, has assisted 
Neatly in allowing the larger scale type of application.
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Where supplementary grid power is the aim, a wind 
turbine can stand alone; where grid power is not 
available, the wind generator is likely to be run in 
conjunction with a diesel generator, which can compensate 
for fluctuations in wind energy. The wind machine can 
cither be supplementary, and of lower peak output than 
the diesel, or the diesel can be supplementary, and just 
able to produce enough power to compensate for total lack 
°f wind. Lipman suggests that in the latter situation 
around 40% of diesel fuel can be saved by the wind 
turbine (46).

Storage is always the problem with electricity, and 
expensive grid connection is not viable, and diesel 

generation to smooth out fluctuations does not exist, 
then turbines producing too much power for expensive 
battery storage generally employ heated water as the 
storage medium, since when used in storage heaters or 
COuPled to a boiler, fluctuations in output are not so
important.

Yet the real economics of wind generator 
lnstallation and use are hard to separate from rather 
°Ptimistic manufacturers literature, and the equally 
°Ptimistic suggestions of some enthusiastic, and not 

ays objective academics. For instance Musgrove (10) 
Su9gests that medium sized wind machines of around 50kW 
CaPacity have a capital cost of about £125/m2 swept area 
at 1982 prices, whilst Lipman et.al. (46), suggest 
aPital costs of around £200/m2 swept area at 1983
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prices. Once site costs are added to manufacturing
costs, Lipman's figure rises to £ 400/m2 swept area.
Musgrove omits to mention site costs and yet tries to 
create the impression that all costs have been
considered. The above figures translate to around 
£ 400/kW installed capacity in Musgroves estimation, 
£2350/kW for the Lipman figures.

Differences are accentuated even more when unit 
costs per kilowatt produced are considered, since 
operational and maintenance costs must be considered, 
discount rates for capital decided, and systems for 
utilising the energy produced purchased. For instance, 
bipman and Musgrove (1981) (48) state that a computer
model achieved an optimum cost per kilowatt hour for 
electricity from a 10kW generator using diesel and 
battery storage was 48.6p at 1981 prices, whilst Musgrove
(1983), states that average costs of electricity,
discounted over time, from a 50kW generator, are
2.15p/kWh. Admittedly these generators vary in size, but
both papers state a more or less constant figure for cost
Per kW over a wide range of generator sizes. Some of 
this difference is undoubtedly caused by the difference 
between manufacturers literature and field experience, 
and the differ ence between prototype application and 
Production line machines, yet it still remains difficult 
to arrive at figures in which one can have any 
c°nfidence.
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It must be said in this connection however, that the 
speed of development of this new industry means that 
there is a great amount of genuine uncertainty about 
average pricing, and the difference economically between 
R and D machines and those now in production may be 
great, and that costs should come down given increases in 
production, and indeed may have come down already since 
the above figures became available. The extent of such 
likely price drops is however unknown.

Looking at individual projects is no more 
illuminating, since the typically scant economic detail 
available invariably contains a crucial gap or two which 
Prevent real comparison with alternatives.

For instance, a scheme on Fair Isle integrated a 
55kw wind turbine and a 50kW diesel in the winter months, 

wind turbine and a 20kW diesel set in the summer, 
Wlth an original requirement for diesel generated
electricity of 40,000kWh/annum (49). (Most such projects 
are in extremely isolated communities, reflecting not 
0nly the suitability of the wind regime, but also the 
dubious economics, since mainland production is very 
Unlikely to compete economically with National Grid 
Production, despite Musgrove's claims).

No costings are given for the project, but after the 
Wlnd generator installation, 37,000kWh of diesel
9enerated energy was used, and 93,000kWh of wind 
generated electricity per annum. Therefore, whatever the 
ec°nomicS, the recipients of the power appear to be able
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to do considerably more with the electricity than they 
could before, and if they actually wanted to use this 
additional energy, this probably amounted to a 
considerable improvement in lifestyle. Most of the 
additional electricity is used for heating on a cheaper 
tariff, whilst some is accounted for by the longer hours 
for which power is available. It is not clear what the 
cost of the wind generator was, what savings are
Produced, if any, over the continuous running of the 
diesel to produce this larger amount of electricity, or 
whether using wind power for heating is an economic and 
welcome substitute for the use of peat.

Whilst the economics may be unobtainable, the 
energetics of such projects, particularly when they are 
exPerimental, may be a nonsense. For instance, on the 
Fair isle project, component failures in the first year 
°f operation twice necessitated the use of a Sikorsky 
helicopter, loaned by British Airways, which was flown to 
the site from Sumburgh to lift the generator on and off 
the tower. The energy consumption involved in this makes 
a mockery.of the idea of saving fossil fuels.

A similar installation on Lundy Island (50) used, in 
^00 days of operation, 6303 kWh of diesel, and 45514 kWh 
°f useful windpower, cutting diesel use to a minimum by 
emPl°ying wind power for heat. Here however, each 
kilowatt produced does not have equal value, for with the 
lsland mostly depopulated in winter, the only use for the
C hftcap electricity available then is for basic building
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and sincefabric heating, 
differences are needed for 
produced over the winter, 
useless.

only 
this, muc 

when most is

low temperature 
h of the energy 
available, may be

Using Lipman's figure of £2350/kW capacity, this 
suggests a cost of £117,500 for the 50 kW machine. Using 
a discount rate of 5% over a lifetime of 20 years (giving 
an annual charge rate of 8%) and Musgrove's perhaps 
rather low figure of 2% for operation and maintenance, 
10% of capital must be earned each year, or £11,750.

With wind produced electricity per annum at 166,000 
kWh, this would require 41,080 litres of diesel (assuming 
that the present diesel engine could generate this much 
electricity), at 18p per litre, including for the high 
c°sts of transport. This is equal to a saving of £8216, 
considerably less than wind machine costs, suggesting 
that the wind project is not a viable option, even over 
20 years and at a low discount rate of 5%. Only by the 
removal of the time value of money can it become
economically valid, even in this high energy cost 
Sltuation. Additionally, although running the diesel at 
a much higher rate might occasion higher maintenance 
costs, there is no guarantee that much of the energy
Produced by the wind turbine (at the rate of 7p/kWh)
^rght not be completely useless, whilst the rough costing
a L *Ve takes no account of investment, in storage heaters 

instance, which must be made by the users.
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Perhaps 
(51), with 
generation, 
advantages 
assessments 
Burgar Hill,

the North of Scotland Hydro-Electric Board 
experience in costing schemes for power 
and no particular reason to exaggerate the 
of wind, are better able to make valid 
of cost, and their large 250kW machine on 
Orkney has some costings available.

The Board reckon that the generator has a straight 
Payback time of 20 years, using rio discount rate for the 
time value of money, and only a small figure allowed for 
maintenance, allowing a saving in the fuel bill of 
£282,000/annum. This kind of pay-back time would be 
unacceptable on economic grounds in most cases, 
Particularly since the unproven nature of the hardware is 
likely to limit its life considerably. Of course if the 
cost of acquiring new diesel generators was set against 
the wind generator capital cost, the figures might change 
somewhat, but since the two must normally be run in 
conjunction, there is rarely a saving to be made in these 
Situations by the employment of wind pofoer.

Whilst economic analyses are made difficul 
ambiguity of the available information, 
analyses are equally difficult, due to the lack 
°n the energy cost of capital, in spite of the 
such data might be able to justify the choice 
P°wer much better than economic analyses.

t by the 
energetic 
of data 
fact that 
of wind

/
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A rough estimate can be made however, of the energy 
costs of capital. Chapman (52) has calculated the energy 
costs per £ value of different commodities (1974 prices) , 
and although wind turbines do not figure in the list, 
other large engineering projects vary from around 30 to 
around 170 kWh/£ value, whilst the construction industry 
has a figure of around 35kWh/£ . Although a wind turbine 
is more akin to engineering than to construction, its 
fuel use per £ in manufacture is probably fairly low, 
Slnce much of the cost of such low volume production is 
involved in low energy areas of research and development 
and human labour.

Taking a construction industry figure of 35kWh/£, 
updated to 1983 prices to 13kWh/£, the Burgar Hill 
turbine, with a total cost o f £5.6 million, would have an 
energy cost of capital of 72,800 MWh, a pay-back period 

just under 7 years. This, in theory, means that if 
the total energy of the Burgar Hill windmill was employed 
ln building another similar machine, the first 7 years of 
lts life would be totally dedicated to the task. A plan 
to exploit energy from the wind on a nationally 
Sl9nificant scale would therefore take a long time before 
lt became a producer, rather than a consumer, of fossil 
fuels. so although free energy is generated from the 
Wlnd, and a net gain is experienced, this gain is not as 
clear cut as might be thought.

/
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For the Lundy Island turbine the equivalent figures 
would be a capital energy cost of 1410MWh, and a pay-back 
period of 12 years. For Fair Isle an energy cost of 
1400MWh with a pay-back period of 15 years. None of 
these figures include any energy cost of operation and 
maintenance.

Energy pay-back periods such as these are 
considerably longer than for most simple energy saving 
measures that can be employed, though in the long term it 
might be possible for wind machine construction energy to 
come from other wind machines, and for a large system of 
such installations to be self-supporting and to make an 
eventual net contribution without consuming fossil fuels.

One scheme where such an arrangement is already 
w°rking successfully, is in the small, battery charging 
wind generators on the Scoraig Peninsula in the North 
West Highlands of Scotland (53). Here the total capital 
c°st of installations is £350, plus £100 for batteries, 
with the cost of a maintenance contract set at £50/ 
annum. Total energy production is estimated at 
300kWh/annum per machine. At a 5% discount rate over a 
20 year life (which may be over long for this type of 
machine), costs are £28/annum excluding maintenance 
c°sts, £ 78/annum including maintenance, though it may be 
^ at maintenance costs are inflated due to an 
Unwillingness on the part of the manufacturer to take on 
Guaranteed contracts. Including maintenance, costs are 
^•^P/kWh, excluding maintenance they are 9.2p/kWh.
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Yet even at these inflated costs per kilowatt, the 
wind generators can compete better than the generating 
board in this particular setting, despite the latter's 
offer of a vastly subsidised connection fee of 
£490/household, with a guaranteed usage of 4000kWh/annum 
at 4.7p/kWh. The reason for this is that, unlike the 
fair Isle project for instance, where the addition of a 
wind generator created considerable amounts of additional 
energy, a use for which had to be found whether it was 
wanted or not, Scoraig inhabitants perceive a high value 
in the first few kilowatts used, and a rapidly decreasing 
marginal value in subsequent amounts.

In the Scoraig case, mains connection would create 
the need to use much more electricity to make the scheme 
Pay, whereas the inhabitants, frugal users of electricity 
hy habit, with free peat available for heat, do not 
Perceive the need to increase their consumption in this 
Way* So it may well be different attitudes of mind, 
rather than pure economics, that determine the best 
scheme for a particular situation. Energy values differ 
n°t only between types of fuel, but within the same fuel, 
^Pending on the structure of demand, which may be very 
different from one place to another.

An attitude of mind such as that displayed by the 
inhabitants of Scoraig is closely linked to the desire
f Of energy conservation for altruistic, as well as 
Selfish reasons, and their windmills appear to perform 
much better energetically than they do economically.
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The machines are constructed almost entirely of 
recycled scrap parts, for instance old Jeep dynamos and 
wheel bearings, so that it is reasonable to say that 
their energy cost is only their scrap value, since their 
costs have been paid for over their previous useful life, 
and there is now no competing use for them other than to 
be melted down as scrap. The total weight of the
generator and the tower is around 75kg, and whilst 
finished steel consumes 13200kWh/tonne in its manufacture 
(54) , from this must be deducted the energy needed to 
turn scrap into usable metals, giving a final figure of 
i0,000kwh/tonne, or 750kWh for materials. Human labour 
Plays a large part, but in energy terms this is
inconsequential, whilst all energy in manufacture of the 
turbine is provided as a free resource by wind machines 
already on site.

Thus even if an additional 250kWh is added for 
labour and transport, the total of 1000kWh represents a 

Pay-back time of just over three years. When maintenance 
c°sts are added at the same proportion of 3kWh/£ value, 
this rises to nearer 7 years, but the energy content, as 
WeH  as the monetary cost of maintenance seems somewhat
inflated.

So in spite of the seemingly poor economics, the 
energetics are better than for all other schemes, and 
these machines are extremely well suited to the 
situation, given the purchasers' apparent attitudes to 

minimisation of electricity use.
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Although no figures are available on the energy cost 
of capital for wind resource utilisation, and the above 
figures are necessarily sketchy, they do give an idea of 
the orders of magnitude of energy requirements, and a 
look at the energetics of wind power gives something of 
so insight into the real value of using a 'free 
resource'. At least however, wind power can make some 
net contribution to resources, whilst fossil fuel burning 
will always reduce the resource, even though monetary and 
energy pay-back times have to drop before most wind 
Projects become viable.

As demonstrated by the Scoraig wind turbines, it is 
the attitude of mind of the individual, and the value he 
puts on energy resource conservation, that largely 
determines the validity of many of these projects.

2. Active Solar Energy Projects-

Active solar energy projects are likely to fall 
broadly into 2 categories, photovoltaic projects and
Sri 1ar water heating. ,For the most part, photovoltaic

cells are prohibitively expensive, optimistic 
f 19ures put the cost of a kilowatt of useful energy at 60
b° 80 pence (55), even for very sunny climates. They

0 appear not to be, so far at least, net contributors 
of «energy, since it generally takes as much energy to 

anufacture the cells as they can produce in their

/
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lifetimes. If they can become much cheaper however, 
their use as clean, low maintenance producers of high 
grade energy, with little environmental impact on the 
small scale, could be great. It seems unlikely that they 
will ever achieve any great importance in Britain 
however, since, unlike solar water heating panels, they 
only operate efficiently in direct sunlight.

Presently viable uses for photovoltaics are for 
situations where small amounts of good quality energy are 
required, and a value is put on this energy which, per 
kWh, - is very high. For instance, in parts of the Third 
World, pv cells charging batteries have been used to run 
televisions in remote areas providing, for instance, 
education which would otherwise have been very expensive 
°r unobtainable. Photovoltaic refrigerators for vaccines 
ls another useful area (56). But although very useful in 
these situations, there is still no gain to be had 
energetically or in terms of conventional economics.

When the Delphi panel were questioned on the future 
Photovoltaics (Section 3.4.), all but one of the 

Panelists felt that, though likely to be of increasing 
lmP°rtance in the wor).d in general, they will have little 
aPplication in northern latitudes such as the U.K. 
however, the dissenting panelist was of the very strong 
°Pmion that photovoltaics would be of great importance 
ln the u.K.
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By and large however, it would seem that water 
heating by solar panels, without the requirement for 
direct solar incidence as in PV cells, can be rather 
better applied to northern climates, and with the energy 
Produced being rather higher per unit cost, they might 
sometimes prove economic.

Figures for the energy cost of construction for 
solar panels have been produced, and are reproduced in 
Table 2.5, though these are meant for application in the 
rather more favourable climate of Italy. This shows a 
real energy return rising for systems up to 60% solar, 
thereafter falling dramatically. However, whilst these 
figures are based on the useful energy produced by the 
Panels, they also only take account of the useful energy 
used in their manufacture, making no allowance for what 
waste there may be in, for instance, converting fossil 
fuels to electricity; the picture may be very different 
xf these energy losses are considered. Taken at face 
value however, these figures give a minimum pay-back 
Period of 13 years without discounting through time.
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ïâËle 2,5. Capital Energy Costs of Solar Systems-

% solar energy compared to 
total energy 
requirement

M2
collector
area

20
40
60
80
100

5
10
16
28
60

Useful
energy
produced
(GJ/yr)
1.98
3.96
5.94
7.92
9.9

Energy in
construction
(GJ/yr)

1.35
2.57
4.32
7.56
16.2

net annual 
energy 
produced 
(GJ/yr)
0.63
1.39
1.62
0.36
-6.30

Payback 
time (based 
on 20 yr 
life)
13.6
13.0 
14.5
19.1
infinite

An Irish study of 8 domestic hot water solar
installations (57) suggested that a 5m2 system could 
produce up to 50% of average household hot water
requirements, with a pay-back period of 10 to 13 years. 
However this study used a discount rate of 14%, but a 
fuel inflation rate of 25%, putting a large positive 
value on the time value of fuel.

Even with no discount at all for the time value of 
money, the best system used in the Irish experiment has a 

Pay-back time of 23.4 years, rather longer than the 
scheme's expected life, and is not viable economically. 
Although the system used to get this result did 
experience problems which may not apply in other cases, 
^  was the best of 8 tested, and a normal domestic 
installation is unlikely to perform better. When 
"maintenance costs are included at the rate of 2% of 
CaPital costs per annum, straight, undiscounted payback 

times rise to 43 years.
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At 7500kWh for the energy in construction of such a 
system however, with again 2% of capital energy
requirement for maintenance, the payback period is only 5 
years, making the energetics much better than the
economics. Yet the pay-back period is in reality likely 
to be much longer, for the figures for the Irish system 
ere for total energy produced, and make no assessment of 
how much of this energy is useful, whilst the figure for 
energy use in construction does not include inevitable 
wastage. Were 30% of the energy produced wasted, and 30% 
°f the energy in construction wasted, then the energy 
Pay-back period would be 11 years.

The inaccuracy of these figures produces a critical 
variation, but at worst the system performs twice as well 
energetically as it does economically, and if it were to 
ke installed, it would be for reasons of energy saving 
E5r se f and not for saving money.

More or less the same sort of economics seems to 
aPply to larger schemes, in agriculture for instance, 
though in seasonal applications the lack of continuous 
USe may be prohibitive.

An example of such a use for solar energy is in crop 
d rymg, a function which is seasonally, rather than
^  •
lurnally cyclic. A 'solar barn' constructed near

p j  ilnburgh for experimental purposes (58), included 160m2 
solar plate collecting area, heating ambient air for 

lnclusion with the air in an electrically heated fan. 
t^der experimental conditions 20 tonnes of hay and 75
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tonnes of barley were dried, at an energy saving over an 
equivalent system without the solar panels, of 
4600kWh/annum, which apparently was using the system to 
its full potential.

No economic figures were provided, but this system 
may well be much cheaper per m2 of collector area than a 
water heating system. Using the figures put forward in 
Table 2,5 for energy in construction suggests an energy 
cost of construction of 43.2 GJ/annum over the lifetime 
of the installation, as compared to an energy gain of 
16.54GJ/annum. Yet as well as a lower capital energy 
cost, the system has the benefit that the barley had a 
slightly higher digestibility and lower final moisture 
content than in the non solar system.

It is also possible that greater use of the system 
may be made in non experimental conditions, but the 
seasonal nature of this installation is always going to 
restrict all year round operation, unless some other use 
csn be found for the heat at other times, such as 
domestic space heating or animal house heating, both of 
which would of course incur additional costs.

Yet all these additional benefits would need to 
Increase the system efficiency by a factor of nearly 3 
before a net energy gain would be experienced, which 
suggests that only on grounds of pure energy saving, 
rather than economics, could the installation of such 
system ever be justified.
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Thus capital costs appear to make these solar 
systems unattractive economically, and not even such 
great exploiters of 'free' resources as might be
supposed, and it is towards reducing these capital energy 
costs that we must look if any renewables are to be 
viable.

1 • Passive Solar Design-

Of all the means of utilising renewables, passive 
solar design is probably the least spoken of and 
certainly the most used. Simple measures like south 
facing glazing are standard practice in architecture, and 
many traditional architectural forms have evolved to make 
the best use of insulation, heat stores and the available 
solar energy. Although these traditional forms may be 
more concerned with cooling, or stabilising diurnal 
temperature ranges further south, in northern latitudes 
maximum use must generally be made of the sun for 
heating, at least for a large part of the year.

Post-war architecture, in a climate of perceived 
limitless energy supply, largely ignored the needs of 
energy conservation, but with rising fuel prices these 
are once more a priority. Yet today's building is more 
°ften than not concerned solely with the conservation of 

artificial energy sources pumped into them, whereas 
Passive solar design is concerned more with making
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positive use of available solar energy.

Such features as Trombe walls, conservatories and 
solar skins can trap useful solar energy, whilst storage, 
for instance by means of dense rock stores, can ensure 
the distribution of this energy as and when it is 
required.

In one study involving the construction of single 
bedroom, two storey flats (59), the buildings employ a 
glazed porch, a roof mounted solar collector with 
electric fan distribution, double glazing and a large 
r°ck store. These flats are compared to similar,
hypothetical buildings which come up to the (now quite

• 1 exacting) standards of the building regulations, but have
no additional insulation or solar technology. At design
temperatures with a maximum of 2O deg. C, falling to 14

• C in some rooms at night, the solar flats were able
to save some 3.6kWh/day,( 1314 kWh/annumJ

In terms of energy costs, the energy in construction 
°f a brick built three bedroomed semi-detached house is 
around 1300kWh/m2 gross floor area, a figure which should 
be generally applicable to most traditional building on a 
small scale. The energy requirement in construction 
these fiats is therefore 56,862kWh for the non-solar 
flats, i.e. the solar gain achieved is around 2.2% of 
the capital energy in building, 37% more than discounted 
annual construction energy costs.
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If the additional energy cost in construction of the 
solar flats is taken to be proportional to the additional 
floor area required for the rock store and the sunporch, 

25% additional area, the energy requirement for the 
construction of this would be 15,600 kWh, with a payback 
time for energy of 11.8 years. In fact the pay-back time 
ls likely to be even longer than this, since the
additional work on the solar flats includes some high
energy components, such as glass and metals.
Additionally, no maintenance costs have been taken into 
c°nsideration in the analysis.

Yet the difference between passive solar
architecture and the other energy sources discussed here 
lies in the design life. Wind machines 
characteristically have an arbitrary and quite unproven 
design life of 20 years, whereas it is quite reasonable
to assume a life of three times that long in the case of
a building using largely traditional materials. If an 
individual is prepared to invest in the future of energy 
then design solutions relying on the passive utilisation 
°f solar energy may be quite valid.

Perhaps contrary to expectations, passive solar 
d®sign may have a larger effect at more northerly
latitudes than in the south. The longer heating season
In the north means that a larger proportion of available 
S°lar energy can be utilised, particularly since the 
eating season extends to months when daylight hours are 
longer. This means that design solutions involving
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passive solar heating should by no means be excluded due 
to latitude.

Passive and passive/active solar architecture can 
also be employed usefully in agriculture. Indeed in its 
simplest form the ordinary greenhouse utilises technology 
to maximise available solar energy in a fairly efficient 
Wanner.

One means of utilising passive solar energy in a 
wore efficient and productive manner is to link
greenhouses to animal houses. A French study (60), 
suggests a double glazed greenhouse producing Lemma Minor 
as vegetable protein for feeding to ducks being raised in 
an attached building. Animal faeces is used as a 
fertilizer directly, whilst the greenhouse is used as a 
solar collector to provide heat for the birds via a rock 
store, a similar American scheme (61), with a greenhouse 
attached to a pig unit, additionally utilises carbon 
1oxide, a by-product of fuel alcohol production, to 

lnCrease greenhouse yields.

Results of this study are difficult to summarise in
simple energy saving terms, since the system is
lncomparable with 'non-solar' systems, but between 60 and
^0% 'self-sufficiency' in energy terms (not including
fee<3 requirement) is claimed. This does not necessarily
ePresent the saving however, since casual gains would

^So aPPly to both simple greenhouses and ordinary animal 
hoUses, giving them also a, presumably lower, 
Self-sufficiency percentage'.
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This scheme tends to highlight the difficulty of 
comparison between 'passive solar' and 'non-solar* 
developments. Not only is there the basic difficulty 
that all schemes, both agricultural and domestic, rely on 
the passive acceptance of solar energy to some extent 
(unless they are to operate at absolute zero), but the
question of what is useful energy arises when the choice
°f schemes is large, and not just a question of replacing 
the fossil fuels used at present.

Battery poultry production, for instance, typically 
operates at an output/input ratio of about 0.1, i.e. ten
times as much energy is put into the system as is

retrieved in the form of food. This is an appalling 
figure in terms of other farming types, even if it is 
recognised that protein production, and not food energy 
Production, is the main aim. Broiler production compares 
poorly with, say, wheat production, the former producing
0ne kg of protein for every 80kWh of energy input, the
latter lkg of protein for every IlkWh. Thus even if the
^°P figure of 70% self-sufficiency for the above scheme 
is assumed, and no casual heat gains are assumed for 
0r(iinary poultry production, and no account is taken of 

additional energy needed for construction, 24kWh are 
ne®ded to produce 1kg of protein, more than twice the
ner9y needed for protein production through wheat 
growing.
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Of course the real situation is rather more complex 
than this. Crop production requires much high quality 
land, whilst poultry production requires almost no land 
in itself, yet it would be difficult to advise someone 
interested solely in energy efficiency that such passive 
solar schemes represented the best investment.

All passive solar schemes represent grades along a 
line, rather than absolutes. It would be easy to 
compare, for instance, a house with a Trombe wall, rock 
store and quadruple glazing, with a poorly built, 
draughty house with no insulation, and conclude that 
Passive solar design is highly energy efficient, but a 
similar comparison with say, an ordinary new house with 
double glazing, proper heating control and loft 
insulation may not present such a positive picture. 
Passive solar design is essentially different from the 
other sources discussed here, in as much as a wind 
machine, for example, is just that, a single function 
device which one either installs or does not install, 
with the one purpose of saving energy. A house employing 
Passive solar design, however, is a development which 
would exist whether or not it included a Trombe wall, and 
has functions other than energy saving. The effort that 
can be gone to to employ solar techniques is infinitely 
variable, and often consists of a balance of insulation 
to Prevent heat loss, together with lack of insulation in 
s°me parts to allow heat gain. As such there is no base 
Point or common criterion against which to compare 
themes, and whereas a wind machine represents a straight
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saving of so many litres of oil, a house uses energy, and 
the efficiency with which it does so can only be measured 
against that of another actual house.

Certain general principles can be stated however. 
It is likely that the first few kWh can be saved for very 
little energy expenditure, and that the marginal energy 
cost of successive savings is likely to increase. Thus 
draught proofing, loft insulation and double glazing are 
likely to have small, but increasing energy pay-back 
times, whilst a Trombe wall and rock store may have a 
Prohibitively long pay-back time. Simple procedures like 
house aspect and adjustment of the glazing area may 
actually have nil or even negative energy pay-back times, 
and represent one of the truly free uses for additional 
solar radiation.

Biofuels-

A1though biofuel energy, mainly from woodburning, 
still remains important in fulfilling domestic energy 
needs in many Third World countries, it now makes up only 
a small proportion of world energy demand (62).

Yet in spite of the huge amounts of fossil fuels now 
consumed, total annual world biomass production remains 
*-en times the total world annual energy requiremen , 
Whilst at any one time the world standing biomass has 
shout the same energy content as all the worlds pr
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reserves of fossil fuels. British performance compares 
unfavourably with these figures, since total annual 
biomass production is only around 30% of annual energy 
needs (61).

Added to this massive availability is the relatively 
high concentration of biomass energy which, though it 
cannot compare in this with fossil fuels, is much better 
than most other renewables, the ease of storage of this 
form of chemical energy and the low technology needed to 
harvest and tap it.

Given these facts one would expect biofuel energy to 
he much in use and competing well on energetics and 

economics grounds with fossil fuels. The fact that it 
^°es not do so is largely a product of the different 
lntrinsic values of different energy types. In the same 
WaY that electricity is a much more useful and valuable 
energy source than warm water, in terms of the work that
it
hav

can perform, so biological energy sources will always
e a greater value per kWh when used for food than when 

used for domestic heating for example. Biomass energy in 
the form of trees may also have a much greater value as a 
material than as an energy source. Due to the lack of 
comparability between these different uses, simple energy 
analyses are inadequate in decision making. In general 
wever, energy is likely to prove less valuable thanho

othe
be

r biomass products, particularly food, if Y

cause biomass is not the only source of energy,
°nlV very marginal land is likely to prove economic for
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the growing of energy crops in the foreseeable future.

There remain however two different types of 
situation in which biofuels may be economic; situations 
where no other productive use can be found for a material 
which already exists, largely in the form of waste 
products, and situations where use of part of the 
resource as a fuel does not adversely affect its main 
function.

The latter case includes the management of existing 
woodland, whose main function may perhaps be ecological, 
and shelter belts, where excess production can be 
harvested as fuel. The former case includes animal 
waste, domestic and industrial refuse, cropping wastes 
and forestry wastes, together with small amounts of 
seasonal 'catch crops'. Yet even with these wastes 
alternative uses may also exist.

In terms of energy conversion, aside from simple 
burning, which though efficient does not allow the 
flexibility of oil or gas, anaerobic digestion can be 
carried out to produce methane, plant matter high in 
sugar or glucose can be fermented to produce ethanol, 
wood can be subjected to pyrolysis, (heating in the 
absence of oxygen to around 800 deg.C to produce gas and 
solid carbon,) and wood can be burnt slowly to produce 
charcoal, a highly inefficient process, but resulting in 
a high grade of fuel.
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Fermentation requires a good quality feedstock, and 
can produce fuel suitable for automotive use, and whilst 
it has received much attention in countries such as 
Brazil, where the fuel needs of the whole country could 
potentially be produced on only 4% of the land area (63) , 
and mixed alcohol and gasoline fuel is in common use, 
biomass is unlikely ever to be of enough importance in 
this country to require the production of such a high 
quality fuel, or to be able to command good arable land. 
There remain plenty of low grade uses for biomass in the 

without going to considerable expense to upgrade 
fuel. More or less the same applies to pyrolysis, which, 
though efficient and needing only lower quality biomass, 
ls unlikely to compete with straight woodburning because 
°f the technology involved.

Even direct burning techniques can involve a variety 
°f quite sophisticated technologies, particularly when 
Carried out on a large scale. Fluidised bed combustion 
Can be employed for greater efficiency, whilst whole tree 

XP power plants and district heating plants have been 
developed in the U.S.A., Finland and Sweden, again in 
areas where land supply is not a problem, and virgin 
f°rest is still being used as feedstock (64).

In economic terms, great benefits are claimed for 
burning wood. One study suggests that, at 198(5 prices, 
foctricity cost 3.4p/kWh, fuel oil 1.4p/kWh, coal 
*^P/kWh, wood 0.63p/kWh and natural gas 0.56p/kWh (65). 

Ad3Usting the figure for electricity to account for
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primary fuel consumption in its generation gives a figure 
of around 1.36p/kWh, cheaper than fuel oil, but still 
rouch more expensive than wood.

Yet these figures are rather misleading, in as much 
as solid fuel burning appliances, particularly in the 
home, are often very inefficient, as demonstrated by the 
local energy use survey (section 7), and the price of 
wood is very much subject to local availability. Wood 
requires a large amount of storage space and often, when 
fche cheaper sources are used, much preparation and 
additional cutting is needed before the fuel can be used. 
Present use of wood for fuel is restricted to around
10,000 families in Scotland, 1% of the population (66).

For the most part, energy analyses of the use of 
timber for fuel are favourable, though due to the many 
different ways of harvesting, reliable figures are 
difficult to come by. For instance, forest thinnings 
roust be harvested carefully and relatively slowly, and 
are likely to require considerable amounts of energy, 
^he same would apply to the management of woodland and 
shelter belts, whilst material normally left in place, 
Such as tree roots, may need highly energy intensive 
ecJuipment for their harvesting. On the other hand, 
sawmill waste may require little or no additional energy 
fhat cannot be accounted for in the manufacture of the 
main product.
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Yet even if a very high figure is assumed for the 
energy requirement, equivalent to the energy needed to 
produce timber building components for the average house, 
a favourable analysis is achieved. Building components 
average at around 1095kWh/tonne, as compared to an energy 
content of 4700kWh/tonne. An ordinary domestic stove of 
6kW peak capacity uses up to 4 tonnes of fuel a year, 
whilst its capital energy cost is around 4000kWh (67). 
Operating at 73% efficiency (68), 4 tonnes of wood 
produce 13700kWh/annum of useful heat, at an energy cost 
of 4380kWh there is a net energy product of 9320kWh, 
which would pay for the capital energy requirement in 
under 6 months. Burning efficiency would have to drop 
below 25% before the energy gained dropped below the 
energy cost, which is quite possible in the poor domestic 
situation, but it is highly probable that energy costs 
are in reality much less than recorded here.

As the necessary technology increases in complexity 
however, the energy analysis becomes rather less 

favourable. Clausen and Gaddy (69) present an energy 
analysis of a methane producing system using cropping 
wastes, in their words: "The biomass utilised consisted 
of locally harvested' grasses, unsuitable for animal 
feed"- (One wonders what justification there is for 
growing grasses unsuitable even for animal feed, this 
must surely represent an opportunity cost for alternative 

USes for the land.)
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They state that annual production from the plant is 
253GJ, whilst the energy requirement is only 63GJ, 
leaving net energy produced at 190GJ. Yet the energy 
requirements only include building heat, agitation, 
biomass grinding and lighting, with no capital energy 
need or energy requirement in growing and harvesting the 
feedstock. A monetary costing is included for the 
installation however, which comes to £20400 at 1982 
Prices, for materials only. The break down of these 
materials allows an energy analysis based on the energy 
requirement ofsimilar materials.

The building required has a gross floor area of 
I68m2, or twice the size of a house requiring 100,000 kWh 
in its construction, yet due to the basic nature of the 
building, the 100,000kWh figure will be used. The 
engineering components are assessed in the same way as 
f°r wind machines, adjusted back to 1982 values this 
gives 15kWh/£ value, a total of 270,000kWh for the 
engineering components, and a grand total of 370,000kWh, 
hot including the cost of labour and building plant, or 
the cost of the central heating system needed to utilise 
the gas produced. A low figure of 50kWh/tonne is assumed 
f°r the energy needed in the production of the feedstock, 
°ne twentieth of the figure used in the wood burning 
example, and at an incredible 40 tonnes of feedstock per 
daY' is 730,000kWh/annum.
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The total energy running cost is therefore 
747,451k Wh/ann urn, as compared to 70,276kWh produced, so 
the scheme is a complete non-starter as an energy 
producer, and in fact consumes ten times as much energy 
as it produces!

Admittedly the figure for energy needed to produce 
the feedstock is arbitrary, but this would need to come 
down to around 5kWh/tonne for the cost of harvesting and 
transport, and the opportunity cost of the land, before 
the scheme approached being viable in energy terms. Such 
a low figure for energy input is not even achieved in the 
most 'energy efficient' forms of agriculture in the 
world, which rely entirely on human labour and 'slash and 
burn' techniques, with no inputs to the soil at all. If 
the feedstock really was an inevitable waste product, for 
wnich there was no possible alternative use, and energy 
c°sts are treated as nil, then the net energy production 

52,825kWh/annum would take 7 years to 'pay off' the 
CaPital energy content, without any discounting. 
Anomalies like this scheme can only hope to exist by 
lmpressing with technology^ one would certainly be much 
better off simply burning the plant matter, however 
ln®fficient the process might be.

A more hopeful feedstock for methane production is
niInal wastes, where direct burning may not be a viable 
SqI *ution. yet energy analyses of such schemes depend 
h©av i i Y °n the energy cost of the feedstock, i.e. the
^"Ol 1 i- 4 , . ,^tion cost, which can be small m  intensive farming

110



situations, and the opportunity cost of the loss of 
fertiliser value.

There are various reports on the fertiliser value of 
the waste solid after methane production, but little 
consistency amongst them. Some researchers have 
suggested that the value of animal waste as fertiliser 
after anaerobic digestion is enhanced, others say the 
effluent has little fertiliser value (70). Stafford et 
ai • (71), suggest that "effluent from digested animal
dung retains much of its fertiliser value, but with 
9teatly reduced odour and biological oxygen demand", they 

not say just how much fertiliser value is retained 
however, since energy has been extracted from the dung, 
the energy remaining to be used as fertiliser must also 
have been lowered, though it is possible that its utility 
mi9ht have increased due to chemical changes making 
release to the soil easier. In the absence of reliable 
information it is difficult to make recommendations, but 
ff fertiliser value is lost then one is merely changing 

use of an equivalent amount of energy by producing 
TOethane, so there is no real net energy gain; whilst if 

the fertiliser value is retained, the energy analysis 
^°r this feedstock is likely to be quite favourable, in 
sPite of the high capital cost involved per kilowatt of 
CaPacity.

summary, it is the energy cost of the fuel that
is *important in biofuel technology assessment, since 
t* kere is not, or should not be, such a thing as absolute
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waste, and this cost is likely to vary in every case. 
However for the foreseeable future it is likely that 
'waste' feedstock such as animal dung, straw, forest 
thinnings and timber from the management of woodland and 
shelter belts and sawmill waste, are likely to prove the 
roost viable forms, whilst where dry biomass is available,
combustion is likely to be the best means of utilising 
it.

Unlike for most renewables, the means of releasing 
energy from biofuels is contained in most homes, and high 
technology investments in small-scale projects are not 
likely to be viable.

5 Water Power-

utilising gravity andConventional hydro power,

the only form o£ «¡»ter P °“ er  w h lch  stored rainwater, is the Y
will be discussed here, since wave and tidal power 
of necessity, really U.itea to large, capital rn-srve 
projects, and mast be confined to only certain P 
rural areas, without the ability to apply «  a
roost rural environments.

has the advantage of being able Hydro-electric power has
onorav sources veryto use highly concentrated

cnlar panels areefficiently, (compared to hydro power, on a 

rather like trying to utilise the pressure o
a has the most highlyr°0 f to provide energy) * an
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developed and proven technology of all the renewables. 
However it has the disadvantage of needing a specific 
suitable site, very many of which have already been 
exploited.

Present U.K. public utility hydro-power capacity is 
1.3 CW, or just under 2% of the total electricity 
generating capacity, though the necessarily sporadic 
nature of hydro generation means that actual energy 
Produced will be rather less than this. Taking Scotland 
for instance, or just the Scottish Highlands, as a region 
within the grid system, hydro power may be of great 
importance, whilst in Norway for example, (and, under 
very different circumstances, in several Third World 
countries), hydro power can provide all the electricity 
needs.

Yet because' of the highly developed state of 
hydro-electric power generation, the potential for 
additional large scale generation is quite small, and 
future development is likely to be restricted largely to 
small schemes, perhaps utilising the sites of some of the
20,000 water mills that once operated in Britain (72).

Using all possiblé available waterpower could push 
UP generation to 4GW, but it is impracticable to use most 
of this, and indeed it would be undesirable that all 
rivers and streams in Britain should be used for this 
Arpóse. Many of the original sites in England and Wales 
are in lowland areas, using small heads, and many have 
si-lted up completely or are otherwise in a bad condition
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(73). Yet many of these old sites do have potential for 
hydro-power development today.

More than any other renewable, hydro-power is site 
dependant, and generalisations about costs are very 
difficult to make. Yet the most economic sites are
generally those where there is an existing dam or weir, 
and where a water mill used to operate. The type of 
installation depends on site conditions, flow rate and 
head, as well as the power requirement, and the
installation can either interact with the grid supply, 
now perhaps also supplying energy back to the grid, or 
stand alone or with diesel or other generation. The 
Atomic Energy Research Establishment (A.E.R.E.) and the 
University of Salford (74), have assessed various small 
hydro projects of different types, and discounting energy 
production over time and taking into account operaton and 
maintenance, at 5% discount, pay-back times vary from 4 
to 40 years, and average 16.5 years.

Very long pay-back times tend to be associated with 
sites where the water authority will not allow full use 
°f the available water, and insist on a large continous 
flow escaping, and 'run-of-river' schemes employing 
cross-flow turbines under conditions of low head. The 
size of scheme does not seem to have any direct bearing 

the pay-back time, as calculated using electricity 
hoard buying rates for electricity from private 
ihdividuals, and smaller schemes can be cheap when D.I.Y. 
labour is used.
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Three schemes are assessed here, A, a small scheme 
Producing cheap electricity from a high head, B, a small, 
rather expensive run-of-river scheme, and C, a large 
scheme producing very cheap electricity by means of a 
centrifugal pump.

Scheme A has an installed capacity of 14kW,.on a 30m 
head, with an annual output of 49MWh, its capital cost is 
£11220, but a rather low value is put on the electricity 
Produced, giving a long pay-back period of 15 years. 
Using an energy cost of capital of 16kWh/|. value, at 1982 
Prices this gives an energy cost of 180MWh, or under 4 
years energy production.

Scheme B cost £24,000, giving an energy content of 
384,000|<wh for capital, for a rated capacity of only 
7*5kW, but a relatively high annual output of 36MWh, 
living an energy pay-back time of 11 years for this 
Cr°ss-fiow turbine with an economic pay-back time of 25 
y®ars at the high energy price of 5p/kWh.

Scheme C cost £63,000 for an installed capacity of 
35kW and an annual production of 700MWh. Capital energy 
C°st is 1,008 MWh, giving a pay-back time of only a year 
an<̂ s half, compared ' to a monetary pay-back time of 4
Vears.

All of these schemes are based on sites with old 
cl *1Sused facilities, and since energy wastage due to
^ p

ess Production has not been taken into account, the
*3 r 0at divergence between the projects is almost entirely
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a function of site suitability.

Where an individual has a suitable site, hydro-power 
can be the best, and perhaps least disruptive of the 
renewables, but it is a lack of such suitable sites that 
is likely to prove the problem. Probably the best sites, 
not discussed above, are those where the whole technology 
for harnessing water generated electricity already 
exists, but has been abandoned. Often abandonment has 
occurred quite recently, due to 1950's and 60's cheap 
energy from the grid, such as on one estate in Lumsden, 
Aberdeenshire (75), which still has the generating and 
distribution system. If such obvious chances of cheap 
development are ignored, it takes a very determined and 
interested individual to carry through development at the 
roore usual, poorer site.

j«3.4._ Summary of the Use of Renewables Projects-

In summary, the few schemes in each of the 
Categories discussed above are highly varied in their 
energetics and economics characteristics, and the major 
Mature is how few of the options are actually economic.

The schemes which appear to be economic in their own 
Way at present are, the small battery charging wind 
n'achines at Scoraig, large scale hydro-power at good
Sit"es with large heads, low technology forms of passive
S O ̂ a y J  , ,4 resign, and wood and straw burning, when no better 
e can be found for the land or the biomass.
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Rather more projects display reasonable performance 
when pure energetics are the aim, and aside from the 
above mentioned economic schemes, wind machines such as 
at Burgar Hill (i.e. quite large scale ones), some solar 
water heating systems, many passive solar design 
Projects, and most hydro schemes would seem to provide 
rational means of development if pure energy saving is a 
Priority above economics.

The schemes which perform best appear to have in 
common either a concentrated fuel source, such as wood or 
hydro power, which can easily be tapped, or relatively 
cheap and simple technology, such as wood burning in 
domestic stoves, rather than digestion to produce methane 
f°r example, or small wind machines built from scrap 
Parts rather than expensively engineered new designs.

Often the energetics of' projects only appear 
favourable in perfect situations however, one major 
Unforseen piece of maintenance which uses considerable 
founts of energy, such as the use of a helicopter for 
^sintenance on the Fair Isle wind energy project, can 
change these figures around considerably, and make a 
n°nsense of the decision on energetic, as well as 
econ°mic grounds.

Anyone wishing to invest in renewable energy
jp ,
°3ects must also be prepared to accept long pay-back

11 esf often even in pure energy terms, and must only
e^uire a small return for their money, high figures for 
the t-1lme value of money are likely to lead to negative
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decisions on investment in renewables. Pay-back times 
may be more acceptable however when the life of the 
Project is expected to be long, particularly in 
buildings, where people may be prepared to invest in a 
longer term future.

Finally, it is important to remember that the value 
°f a kWh of energy, even in the same form, is not always 
the same, and that the marginal value of each subsequent 
kWh tends to decrease. It is the speed of decrease in 
value with every additional kWh acquired that will often 
determine what kind of project to invest in, or indeed 
whether to invest in renewable sources of energy at all.

Sources of renewables are considered by both the 
Delphi survey in section 3 and the local survey in 
Section 8, and lessons on their applicability are 
lncluded as recommendations. Thus the technology 
necessary to fulfil any potential for rural energy 
aut°nomy has been shown to exist, albeit not always in a 
Particularly economic or efficient form.
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3.1. Developing a Rural Future Scenario by Reference to 
_Bx is ting Global and National Forecasts-

3 • 1 ̂ 1 Introduction-

- * 1* 1« 1^ Rural Energy and the Future-

An assessment of patterns for the future must be an 
essential part of any research which is intended to have 
any practical application, and is not a purely 
retrospective look at a subject. In order to be able to 
essess how far the current potential for a greater degree
of rural energy autonomy is likely to change in the
future, it was decided to initiate a 'Delphi' method
Survey of global, national and local energy futures,
(sections 3.2 to 3.5). This survey runs parallel to the
local surveys reported in sections 5 to 8, whilst
Sections 9 and 10 draw these two approaches together, 
£'lnally concluding on the extent of the potential for a 
greater degree of rural energy autonomy.

As a lead up to the 'Delphi' study, in order to
arrive at a viable initial scenario for application in a
P°stal survey, this section presents a review of

r®ntly available literature on future forecasts, both
9eneral and energy based, at the global and national 
level.
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Though obviously an integral part of the 'world 
system', rural energy demand and usage, particularly in- 
the urbanised developed countries, rarely figures as a 
discrete variable in systems approaches to the world such 
as the future model. Yet its small place in the global 
structure does not preclude it from interacting as a 
variable in the real world, and thus a variety of 
Possibilities for the future will generate a variety of 
scenarios for rural energy.

Due to the complexity of the world system a
c°nfinement to purely energy matters will not. be
a<3equate, and therefore a variety of global and national, 
general and energy based future models will be
considered, with a view to constructing a series of 
Possible futures for energy use in the rural areas, 
a9ainst which to measure presently available research and 
technology,

Although 'futurology' has become a large and complex 

sPecialism in recent years, and the detailed construction
Of n ,P°ssible futures from scratch is beyond the scope of
t Ke Present research, it is hoped that a review of 
listing forecasting methodology and data can throw some 
■̂tght on the models, and enable rational choices to be
Itl a £rrom a welter of different scenarios.
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3.1.1.2. The Study of Existing Future Models-

The literature study of future models starts from a 
broad base and attempts to progressively narrow down the 
range of forecasting literature, partly by consideration 
of the objectivity and motives of the forecasters.

Section 3.1.2. looks at global future models, 
identifies a number of works for consideration, and 
discusses the difficulties of future modelling normally 
cited, the element of qualitative bias in the models, and 
common assumptions which serve to make many of the 
methodologies far from scientifically accurate. It then 
proceeds to narrow down the range of models to be 
considered.

Section 3.1.3. begins to concentrate on the energy 
model, and energy as a variable within models, discussing
the range and validity of variable choice and the
advantages and 1 imitations of the multiple scenar io
approach. Using a further reduced set of models, section
3.1.4. attempts to build an informal model for rural 
energy use by selective adaptation of existing models, 
whilst section 3.1.5. to 3.1.7. produces a scenario for 
input into the first round of the 'Delphi' process.



_3.1.1. 3. Working Towards ci Relevance to Rural Energy 
Usage-

In spite of the broad nature of this section, it 
roust be noted that only where global futures interact 
with rural energy matters are they relevant. Having said 
this, however, it is evident that the number of real 
lr*teractions is so large that almost all the concerns of 
the broad global system can be said to have some spin 

which, directly or indirectly, affects rural areas, 
an<3 thus rural energy use. Thus global energy futures 
affect rural energy, but also other factors in rural 
**fe, whilst global futures in general affect rural life 
and therefore rural energy use. A simplified interaction 
system, with energy as a subset of the whole system, 
appears as figure 3.1., and demonstrates the potential 
complexity of the situation.

No particular variable can be omitted from the 
9l°bal model in evaluating the future of rural energy, 
an<3 thus some of the more general and simple models are 
n°t likely to be useful, where they omit considerations 
f items which, peripheral though they may be to total 

w°rld futures, are essential to the study of rural 
ener9y. Thus a model which fails to consider the split
Of f

t(Jture energy use by fuel type, in favour of sweeping
ncerns of world population or economic growth, can have 

1 itti e relevance to the specific study of rural energy, 
®Xce of* as a leader to the further development of futures.
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figure 3.1 SUBSETS AND INTERACTIONS IN THE GLOBAL SYSTEM.
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So the first constraint on the future models is that they 
should have a specific enough data level to predict 
Particular energy resource uses.

j>1.2. Models and Motives in Global Future Projection-

1 « 2.1. The Problems of Forecasting-

The problems implicit in attempting to forecast any 
^acet of a future world are manifold, and many of them 
are all but unavoidable. Thus the fact that single 
individuals, through political activity of a violent or 
Passive nature, can change the course of history, may 
Sickly make the most rigorous and best considered 
^recasts look rather silly.

Indeed the whole spectrum of political relationships
is °ne of difficulty, and an area often avoided by
^o^eliej-g 0£ future, who characteristically ignore
th© Political element except where considering their own
Pfeferred strategy for the world, when they replace the
°mPlexities of modern international relations with a

of benificent political/economic policy at a global 
level.

Those authors who do tackle the subject of political
futores ' such as m  Hall's attempt to map out a future
Europe fi-rom an entirely political standpoint, find
^hemseiuo,,es unable to come to a consensus about any issue
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in the world dominated by personalities and subjective 
judgement (1). Yet purely resource based forecasts have 
little validity if not supported by some assessment of 
future policy measures, even if policy is assumed to be 
an entirely rationally controlled variable.

Furthermore, non-political single events may have 
major effects on policy, and on world futures, yet remain 
unpredictable. For instance, a single major accident 
involving a nuclear power plant might have huge worldwide 
effects on the development of nuclear energy programmes 
(2) . Similarly, technological change, often considered 
by forecasters as though it were a continuum, is in

4

reality a series of large or small jumps, and very rarely 
a properly forecastable item.

Another problem arising with variables which are at 
least potentially forecastable, can be the mechanistic 
extrapolation of recent trends, often following
biological rules of growth which are not necessarily 
aPplicable to societies having a degree of control over 
fcbeir operation. Often this extrapolation follows an 
exP°nential growth followed by collapse path, a
Malthusian view of the world which, whilst useful in 
dressing dangers, has little substance in the reality of 
development. Thus Foley (3) quotes Professor Jevons' 
^uite valid 1913 prediction of British coal output, 
showing it to rise continually to a peak in the year 
2i0lf thereafter falling rapidly as the resource size 
c°nstraint was reached. In fact coal production has
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never yet passed its 1913 peak, and Jevons' reliance on 
recent historical trends, as well as his lack of 
consideration of technological innovation, contributed to 
his downfall.

The narrow approach to extrapolating recent trends 
Way into the future remains a fault of many forecasts 
today, and one to which there is at least a potential 
answer. if Jevons had, instead of only considering coal 
Production in recent years, carried his historical view 
further back, and considered the rise and fall in use of 
the previous major fuel resource, wood, he might have 
9amed a more accurate picture of the way in which 

resource depletion tends to operate.

The actual world model is a summation of every
res°urce, and of every action taken with those resources,
an<3 as such sets up a number of possibilities for

variation which is all but infinite. Thus any manageable
w°rld model for forecasting must amount to a gross

°ver-simplification, and achieving the optimum model is
n°t so much a case of considering as many variables as
P°ssible, as of producing a number of variables which

■Lect the scope of world activity, whilst keeping the
Un,her of interactions to a manageable size. Many models

have tended to err on the side of too many variables, 
thug Precluding their proper interaction and the
fusion of sufficient feed-back mechanisms, whilst

^ ̂ ̂ i n9 the model and its results too complex for rational

s^eration by decision makers.
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3.1.2.2^ The Models Under Consideration-

Table 3.1. sets out the models considered broadly 
in terms of type.
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Taöl e 3.1* Li

AUTHOR/ TITLE

GENERAL GLOBAL MODELS .
FREEMAN, World 
Futures

BARNEY, Global 
2000

MEADOWS, limits 
to Growth

LEONTIEF, UN,
Future of the World 
Economy

KAHN, The Year 2000

EHRLICH, Population, 
Resources and Environment

DUMONT, Utopia 
or Else

ting o f  M a d e l s C o n s i d e r e d —

METHODOLOGY

Critical assessment of
other forecasts and qualitative
decision making by resource/
/sector, world split into 
developed/underdeveloped.
US bias, aimed at environmental 
projections by adaptation of 
Federal agency data
Early computer model, unrealistic 
whole world based, simple weightings 
'prophet of doom' type forecast.
Sophisticated computer model, world in 
15 regions, 45 economic sectors, linked 
by import/export, aid, capital transfer 
etc. mainly aimed at the environment
Unqualified optimism through simple 
indicators. High value on technical change 
little consideration of resource base, 
classical justification for capitalism.
Simple extrapolation to the resource limit, 
imminent collapse, developed v 
under-developed, advocate of 'Triage'.
Qualitative study with simple 
variables, world as one system 
no technical advance, stability reached 
through 'organic' control.

VARIABLES

Energy, resources 
technology, population 
GNP other models (4)

Pop, GNP, climate 
technology, food, energy 
non-fuel minerals. (5)
food, energy , non- 
-fuel minerals,pop.,
GNP, pollution.(6)
Complex economic 
indicatos, pollution 

pop., resources (7)

GNP, population 
, food, technical change.

Pop., food, resource 
base, GNP (9)

Non-quantitative
(10)



Non-quantitative
(11 )

SCHUMACHER, Small Qualitative, severe growth
is Beautiful limitations,but not through

c o l l a p s e , alternative technological route

HEILBRONNER, An 
Enquiry into the 
Human Prospect

MESAROVIC, 
Mankind at the 
Turning point
HERRERA, 
Catastrophe or 
New Society

£ MODRZHINSKAYA, 
The Future Of 
Society, and 
KOSOLAPOV, 
Mankind and the 
Year 2000

Simple extrapolation leads to 
collapse, world as one system 
simple quantitative.

Resource base, GNP 
pop., food. (12)

Advanced version of Meadows, more 
considered, still leads to world 
collapse, several world regions considered

Economic, food, pop., 
resources, pollution (13)

Later, complex computer model, end 
result= world collapse, emphasis on 
regions, trade etc., catastrophe 
economic rather than resource or 
population induced.
Russian writers employing simple 
extraploation and political 
constraints, resource constraints 
ignored in anticipation of 
technical change.

Many economic, pop., 
food, trade, 
political. (14)

Resources, energy, GNP. 
political constraint. (15)

NATIONAL/REGIONAL GENERAL MODELS-
HALL, Europe Qualitative scenarios through political
2000 variables, building views of the future

in terms of alternative power blocks
Political and 
social change. (16)

GLOBAL ENERGY MODELS-
Computer supply and demand models 
by nation, integrated by economic 
function, wide range of scenarios 
using official national data

WAES, Energy 
Supply to the 
Year 2000

Policy, GNP, 
replacement fuel energy price 
oil discovery. (17)
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NATIONAL RESEARCH 
COUNCIL,
Alternative 
Energy Demand 
Futures to 2010

FOLEY, The 
Energy Question

»EC, World 
Energy Resources 
1985-2020
FORD FOUNDATION, 
Energy The Next 
20 Years
MONTBRIAL, 
Energy, the 
Countdown

NATIONAL/REGIONAL ENERGY
LEACH, a Low 
Energy strategy 
For The U.K.

WATT CTTEE/
DEPT. OF ENERGY 
SCENARIOS

American biassed integrated 40 
sector model by  economic activity 
interaction by input-output and 
e c o n o m e t r i c  m e t h o d s, 4 
s c e n a r i o s  p r o d u c e d.
Qualitative, non-scenario approach 
with broad conclusions about scarcity

Economic indicators by fuel source 
limited to fuel considerations, by 
region and developed/UDCs.
Justification for free market capitalism 
no scenarios, discussive on a wide 
list of separate topics.
Unstructured, qualitative approach 
by political event/situation, 
collapse when oil runs out

MODELS-
Middle of the road simple energy 
strategy used as starting point 
for demonstrating energy saving ability 
initially used exaggerated U.K. 
Government figures.
Series of 7 scenarios based on econ. 
growth, policy decisions, energy cost 
largely energy only base.

Energy price, GNP. 
economic indicators 
by sector (18)

Other models, the 
range of projection 
technique. (19)
fuel price, resources 
GNP, technology. (20)

Largely economic and 
resource based (21)

Economic, resource 
political. (22)

GNP, energy demand 
resource type 
conservation measures (23)

GNP, energy prices 
policy decision 
technology (24)



,3.1.2.3. The Range of Results in Future Prediction-

From section 3.1.2.2. one can begin to see how huge 
is the range and variety of models and model results. 
Furthermore, models of a similar kind, making broadly 
similar assumptions, can interpret results in totally 
different ways, (e.g. Kahn and Heilbronner (25)), whilst 
models which take entirely different routes, using 
different kinds of data, may come to broadly similar 
conclusions (e.g. Dumont and Leach (26)). This is not 
only a result of different quantitative assumptions, but 
°£ subjective judgements deliberately made from limited 
data to prove a point, be it an honest attempt to shock 
People into action to solve the problems described, or an 
undeclared bias to the authors own ends.

Thus, even when dealing with such factors as
Population trends, a relatively simple item to forecast 
due to the long time period which tends to elapse prior 

t0 major trends taking effect, there arise very major 
differences both in projected rates and ceilings to 
3c°wth, between Forrester's maximum ceiling of 4 billion 
(2?)r and Kahn's of 50 billion (28). To take another 
e*ample, some look no further than oil as the primary 
fuel source, and predict collapse before the turn of the 
Century, whilst others, again notably Kahn, are confident 

fossil fuel supplies for the next few hundred years, 
foUowed by technological advance to support energy usage 

many times the present level indefinately.
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Leach (29) sees growth in GNP as being compatible with 
nil increase in energy consumption, whilst others see 
energy use as being inextricably linked to GNP, and 
Predict a two to four times increase in energy use by the 
turn of the century.

One problem in trying to rationalise these
differences lies in the nature of the figures used, and
ln the nature of exponential growth. Forecasters are
able to appear quite justified in their choice of values
through the difficulties of assessing the difference in,
f°r example, valid growth level predictions between 2 and
4 % Per annum in GNP, or beteen linear and exponential
growth forms. Using such annual increases, marginal
differences at year 1 can become huge by year 50. Figure 
3 o illustrates this problem, and shows how an initial 
2% difference in energy demand becomes a 400% difference 
ky 2 0 5 0 t whilst cumulative figures and the fixing of the 
^source base can allow these discrepancies to become 
StiH  greater. Thus it is that a 1 or 2% difference in 

imated growth rates, and a single technological 
rin°vation, can alter views of a future world beyond 
Cognition.

Thus it is difficult to choose between the minutae
°f fr°recast figure differences without a considerable
ailiOUnh C •°f statistical analysis, which in itself is no
9uaran(.*'-ee of a greater level of success than has been
a c h ,

6ved by any previous forecaster. One way round this 
Pfobi m is to look, rather than specifically at the
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Figure 3.2. DIFFERENCES IN ENERGY DEMAND PROJECTIONS ACHIEVED 
BY A 2%  VARIATION IN ANNUAL GROWTH RATES

100% base 
in  1980.
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figures and the models, at the thoughts and motives of 
the forecasters.

j♦1.2^4. Quantitative Bias Arising Through the
Forecasters Qualitative Analysis of Trends-

Figure 3.3. presents a perhaps over-cynical view of the 
future forecaster's modelling process, claiming it to be 
at least partly a function of his perception of past 
trends and his desired goals. For instance, it is
Possible to argue that simply the historical period in 
which the for ecaster formulated his political ideology 
an<3 his general view of the historical direction of the 
world system in general, can alter his entire perception 
°f world futures. Thus, someone with most of his or her 
*earning period in post-war Britain or America, up to the 

mid 1970's, may see overall historical trends as being 

exPonential in nature, whilst someone with a memory of 
depression of the 1930's, or for the future, perhaps

the sarly 1980's, will naturally hold a very different 
lew °f the natural direction of change.

chang
B°th upbr inging and present circumstances will 
e the forecasters view of the model and of the end

Prod
^ahn
vhe
^uanti

Uc t* * ,L' sometimes quite obviously, as m  the case of 
(30) or the Russian authors (31). Yet it is only 
Such subjective judgements act as inputs to the 
tative sector of figure 3.3. that difficulties

re
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Figure 3.3. A PSYCHOLOGICAL MODEL OF iMOOgAifras c?,;mCupoTo^
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arise through this process, and it is towards the 
minimisation of such crossovers that we should look in 
trying to achieve an acceptable model for energy 
forecasting. Another problem exists where, as often 
happens, the quantitative element of the model is split 
into two halves, an uncontrolled model demonstrating 
natural state trends, and a controlled model
demonstrating the effects of the forecasters preferred
Policy options . Quite apart from when this difference is
obscured, and one is not certain which element one is
dealing with, the uncontrolled model is likely to be
skewed onto the opposite side of the range of
Possibilities to the preferred model, as in the case of
f*each (32) , in order to demonstrate extremes and how to
solve them, in this case neither model, nor any averaged
mi<3dle road, is likely to present a picture of the real
w°rld adequate to the purpose. It is necessary to
ls°late the real state of the world model from all the
Objective judgements and ulterior motives that surround 
it.

Unfortunately, such a process cannot be carried out
 ̂seeking obvious political bias, or merely amending the 

fQrecasts that seem to stray too far from the norm, for
i n /■"! q , , t^rtam cases bias may be unintentional and universal
r°u9hout the model, and becomes very difficult to

xsolate
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3.1.2.5. Common Assumptions which Cause Bias,
Exponential Proj ection and Econom ic Growth-

Economic growth is one area where, to some extent, 
all the modellers are agreed, for they all see gross 
national, or gross world, product increasing
exponentially into the future, albeit that some see the 
trend being followed by economic collapse. Yet, as shown 
ln Figure 3.4., only the most optimistic of assumptions 
c°uld achieve the 6% growth rate suggested by some 
forecasters, whilst the 'average low' figure of 3.5% also 
seems like a high estimate when compared to past trends. 
The problem seems to be that everyone has a motive for 
Wanting to raise economic growth projections to a 
ma* imum.

Official government estimates are widely known to 
err on the optimistic side, as is only natural in an 
°r9anisation trying to create confidence in its 
Prospects. Optimistic technocratic forecasters such as 

Kahn, in their efforts to show that spin-off effects from 

th® developed world will help to stimulate third world 
9*°wth, and therefore to justify western policies, also 
tend to maximise economic growth, in order to minimise 
the time period necessary to achieve a reasonable 
standard of living in the poorer countries. (Even 
gr°wth rate of 6%, it would take until 2050 for Asia to 
reach an average of $2000 per capita, and this, under 

Kahn's scenarios, would require a developed world growth 

rate considerably higher) . Even the less optimis
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Figure 3.4. PAST U.K. GROSS DOMESTIC PRODUCT AND FORECASTS OF
ECONOMIC GROWTH (33)

% U.K. economic 
growth

^ 3 . 5 ,  WORLD ENERGY DEMAND, AFTER W.E.C ALTERNATIVE PROJECTIONS (34)

Energy
Detnand.
(index)
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forecasters, those harbingers of doom who predict 
eventual collapse of the world system, assume quite high 
levels for economic growth, for in order to show the 
collapse state being reached as early as possible, and 
thus to increase people's feeling of imminent danger, it 
ls in their interest to demonstrate a naturally high 
9rowth rate, whether it exists or not in reality. Thus 
ln the case of economic growth, estimates must be 
carefully reviewed before being accepted.

Though perhaps the most extreme case, economic 
growth forecasting demonstrates a more general tendency 
amongst forecasters, an eagerness to accelerate the 

Process of history to make a point about it, such as the 
Eminence of the collapse state, the adaptability of the 
technology,or the policy measures necessary to reach 
e<3uilibrium.

One further example of the dubious extrapolation of
trends is illustrated in Figure 3.5., in which the 
fo *•ecasters take a view of historical trends which seems
111 reality to be an extrapolation of some 35 years of
Unusual growth taken at random. Now whilst the
°nclusions are by no means invalidated, (the exponential
growth trend certainly being one possibility), it would 
be n̂uite possible to argue, on the same evidence, that 
Wor id energy use follows a cyclical pattern, and a crash
is i.0 be expected. In the 5 years since this study was

e<̂ out, the forecasters choosing to ignore the 
level i •ln9 off of energy consumption in the mid 1970's has
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already considerably increased the growth rate needed to 
achieve their 2020 figure for energy consumption. Any 
forecaster making a similar extrapolation in 1930, 
ignoring the demand downturn current at the time, would 
have arrived at a 1983 energy consumption some 3 times 
that which is actually the case.

Two lessons arise from this example, the obvious 
need for caution in choosing models, and the need to 
consider historical perspectives properly, rather than 
19noring any fluctuations brought about by one-off events 
ln a bid to preserve objectivity.

6. Minimising Subjective Bias by Choice of 
Node11ers-

From what has been said so far it would seem that 
t he process of minimising the connections between 

Qualitative and quantitative sectors of the model tends 
he a case of choosing on the low growth side of the 

Spectrum, since most forecasters have a tendency towards 
9rowth predictions. . Yet where part of the aim is tohigh

Pr°vide for eventualities, it is not necessary to rigidly 
an objective middle line, but merely tof° U o w

<3em°nstrate the possibility of a certain course. Thus a
c®rta
where
th

ln level of ulterior motive is acceptable in a model 
°ne is generating high and low possibilities 

°Ugh scenarios . o ne should merely try to ensure that
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the forecasts used are not just trying to make a point, 
that high forecasts are not just the maximum that can be 
squeezed out of the available figures, and that low 
forecasts do not rely on an unrealistic level of control 
°ver the system.

Therefore, whilst one might be wholly in agreement 
with the exhortation to conserve implicit within Leach's 
roodelling, neither the exaggerated high growth 'natural 
state' model, nor the extreme policy controlled model, 
can be taken as considered attempts to predict real
futures.

The same can be said of both the 'prophet of doom' 
forecasts, and the forecasts placing particularly high 
confidence in technical changes.

As has been stated, political factors can be of 
considerable importance, and it is worth bearing in mind
th6 ^on-quantitative work of such forecasters as Hall

» in building an informal framework. Economic
T J  i

icators are generally adapted from national figures as
t* He baseline data, so in spite of their potential
^accuracies these are perhaps the most suitable sources.

The models which pass these tests of reasonable 
bj®ctivity, and which try to forecast more or less 
atural state' futures, and are thus worthy of further

c°risi(3er ation are in terms of general models; Freeman's
tevi*w Of forecasting methodology, Hall's
Pol if. .ico/econom ic approach, Leontief's U.N. computer
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model and Barney's recent study for the US President; in 
terms of global energy forecasts, the W.E.C., W.A.E.S. 
and National Research Council studies; and for the U.K. 
national energy forecasts, the D.O.E./Watt committee 
scenarios.

Due to political bias, attempting to mould the 
future on paper to forecasters own ends, or the treatment 
°f the world as too simple a single system, the other 
forecasts mentioned in Table 3.1. are all excluded.

Towards an Energy Model- 

1. Energy Models and Energy Within Models-

One of the major problems arising in many of the
^n^els considered is a tendency to see major variables as
^ rect indicators of societal successes. Thus, as well
as hsing economic growth, population growth and energy
USa9e as variables in building up a future world picture 
on a macro scale, forecasters tend to see such factors as
Ustainable growth as advantageous in themselves. Though 
at i f worst in the simplest global models, those which

9 regional view of the world also fail to take
c°Ur>t of income differential levels and social change. 

In th *ls way forecasting methodology reinforces past
hati 0 scale development attempts and all the failures
and Qualities which they have sometimes induced. For
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instance, Freeman's discussion of the gap of inequality 
between developed and developing countries, though 
egalitarian in intent, cannot go further into society 
than the national scale (36). A sid6 effect of this is 
the general lack of appreciation of the way growth works 
within countries. Thus a high percentage growth rate can 
be attributed to the less developed countries, with the 
Precedent of early industrialising Europe, without 
considering the extent of the exploitative element, 
drawing on weaker economies to ones own ends.

When dealing with energy models a further 
short-sightedness arises, a tendency to omit even the 
macro-scale variables and concentrate only on the rate of 
energy use and the resource base. Thus models must be 
chosen which admit to the possibility of fluctuations in 
energy use which are not wholly dependant on a 1/1 
relationship with GNP, such as through technological 
lnn°vation, pricing structures and conservation effects.

Some energy models amount more or less to general 
global models in which energy is the unknown quantity to 

found, in the same way as others, such as Barney (37), 
are working towards environmental knowledge. Yet in some 
 ̂these models, such as the WAES study (38), the 
°n~energy world is viewed too simply, as merely a 
Unction of economic growth.
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Thus a general global or regional model must be used 
to make 'state of the world' assumptions, before 
focussing down on the energy question, and their inputs 
(whether or not they are variables, in the sense that 
they are varied from one scenario to the other,) must be 
assessed to evaluate the worth of the model.

2. The Characteristics of Variables-

Economic growth is a variable used in all of the 
forecasts, and often, as in the WAES study, used as the 
s°le direct indicator of energy usage, under a direct 
linear relationship. The tendency to exaggerate growth 
rates has been considered already, but the general 
historical picture of the variable is one of an extremely 
difficult to forecast, wildly fluctuating, but in general 
9r°wing world and regional economy.

The approximate range of growth rates for the models 
c°nsidered is shown in Figure 3.6.

A wide variety of forecasts exists to the year 2000, 
and 4-utne range widens still further after this date. The 
nly forecast which sees growth as not necessarily being

exponential function is the DOE (40) lowest estimate. 
Th'lS m°del also approximates, at its highest level, to 
the maxima envisaged by others, with the exception of
Qw i i
tlef (41), and DOE (40) forecasts therefore seem to 

Pr oy jje a useful measure of economic growth.
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Figure 3.6. WORLD GROSS NATIONAL PRODUCT PROJECTIONS FOR DIFFERENT 
MODELS (39)

World Product, 
(Index = 100 
in 1977)

Leontief

pigHTe 3.7. POPULATION PROJECTIONS W.A.E.
HNgER DIFFERENT MODELS (42)

D.O.E.

world i 4_ • Barney ---J-a Population,
1 index = ioo
ln 1977)
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Population forecasts are about the most certain of 
all the variables for the next generation or so, due to 
the future impact of present trends in birth rate, and 
biological limits to growth speed. The exponential 
nature of population growth is also considerably better 
documented than that of economic growth, though most 
observers expect a levelling off of population growth at 
some time in the future.

Limits to population growth are a large area of 
contention however, with estimates varying between about 
4 and 50 billion, depending on confidence in social and 
agricultural technical changes, yet in the medium term 
fcbere is considerable agreement about population levels 
lnto the next century.

Population has a twofold influence on the rural
energy model, with worldwide and major regional trends
influencing the economy generally and the energy supply
Pettern, and local population growth and distribution
Pstterns influencing the use of energy in the rural areas
themselves. I.e. the figures are of use in forecasting 
energy and in forcasting rurality. For our purpose 
however, the large scale trends might be reflected in 
SUch factors as energy prices, and only the patterns 
tthin the rural areas need be extracted as an end 

P r° d u c t .
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As an existing, rather than a purely future factor, 
the energy resource base seems at first sight to be 
readily measurable as a variable, yet in reality it 
causes more problems than does forecasting future energy 
usage. Estimates vary as to the length of time for which 
reserves can support society, from thirty years to 
infinity, and the length of this period is inextricably 
linked to technological change.

Although presently recoverable reserves can be more 
°r less agreed upon, these figures are more or less 
unconnected to the range of forecasts for ultimately 
recoverable reserves. One can expect a pattern of
steadily decreasing reserves, accelerating as demand 
increases, periodically bolstered up by technical 
stances brought about by the imminent depletion of 
current reserves. Figure 3.8. gives a notional picture 
of the way in which such a process is likely to operate.

The technical optimists would hope to keep presently 
usable reserves at least constant over time, whilst the 
Pessimists see little scope for technical change. In 
r®ality the grounds for pessimism seem to be quite 

n9. Foley quotes Chauncey Starr (44) as estimating
it takes around 50 years to move from the use of one 

energy source to another, yet goes on to remark that such 
figure is based on the time taken to transfer from wood 
COalf and from coal to oil. These changes involved

movin„9 to technologically more simple, efficient and 
f i i  K1ie sources, rather than to more complex, higher
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Figure 3.8. NOTIONAL INTERACTION OF ENERGY RESERVES, TECHNICAL 
CHANGE AND DEMAND (43)

Size of worldenergy
reserves 
(No Seal

Figure 3.9. PROJECTIONS OF WORLD ENERGY USAGE (49)

KEY

i- W.E.C. 2. Freeman 3. N.R.C.
4* W.A.E.S. 5. Barney
^orld energy use.
(Index = 100 in 1970)
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technologies, lessened efficiency and less flexible 
conversion processes, which is likely to be the case in 
the next resource transfer.

Sources presently under development are either 
technically advanced or try to tap diffuse resources, and 
Probably have a much longer lead time than 50 years. 
Thus is technical change more likely to be in the form of 
a series of diminishing jumps, rather than a continuous 
accelerating process. Therefore, reserve estimates ought 
to relate more closely to presently recoverable, rather 
than ultimately recoverable resource levels.

Table 3.2. gives a selection of estimates of
reserves of different fuel types, and shows the great
9aPr except perhaps in conventional oil and gas, between
Presently recoverable and possible reserves. This is
Particularly the case with renewable sources and nuclear
P°wer, where total reserve figures are almost useless,
and technical change is the leading factor. Factors 
wh i ch11 are little disputed however, are the imminent need 
f o r* »0ll substitution, the high potential of coal in 
chieving this, and the unlikelihood of renewables making

L Y serious impact, in terms of total supply, for a
n9 time to come, with the only really proven resource, 

h Vd r o Power, already stretched near its resource limit.

o f
Perhaps

nuclear
Partii c u l a r l y  

o p t io n s  open

the most uncertain factors are, the ability 
power to absorb a large part of demand, and 
the feasibility of fusion reactors, the 

to the transport sector in an era of
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declining oil reserves, and the potential of renewables 
in solving specific, smaller energy needs, particularly 
in the rural areas. Any future which sees continually 
increasing oil prices and a greater reliance on 
electrical energy at end use level, is likely to come 
somewhere near the truth.

The non-fuel mineral resource base is a similar 
complex, if perhaps more measurably finite one. 
Resources are less directly comparable, in that they each 
fulfil different functions and are not, by and large, 
transferable, yet growth depends on their continued 
availability and the technical innovation needed to tap 
and use them.
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Table 3 , 2 . Estimates of World Fuel Reserves- (45) 
(Billion Tonnes Coaf Equivalent)

FUEL AUTHOR ULTIMATELY
RECOVERABLE

Coal WAES
Freeman
WEC

1327
5600-7700
10000

Natural Gas WAES
Freeman
WEC

2100
200-1500
280

Oil WAES
Freeman
WEC

987
300-2760
450—600

Nuclear WAES
Freeman

infinite
infinite

Oil sand, WAES 230
Shale, Freeman 1200
Heavy o i l WEC 450
Hydro WAES

WEC
2.52/annum 
3.07/annum

Solar WAES 750000

PRESENTLY
RECOVERABLE
737
1000
640

200

300-375
250-300
11-23/annum 2000 
8 0-1 0 0/annum 2000
53

by 2000 1.26/annum 1980 
ultimate -

0 .0 0 2 5/annum

a r_f.p gg 3 var i able , f When treating energy use rate
People have seriously challenged a more or less 1/1
relationship of energy use to GNP, yet as pointed out y
Leach (46), this is by no means a necessary relations ‘p,
since technical change in an era of tight
c°Bstraints on energy supply might well work m  the
Erection of greater conservation of resources. Most
Servers see energy use as increasing some two or three
tiitves by the end of the century, with the exception
the WEC study (47), which has a maximum increase of 7
tlItlesr and the NRC (48) model, which envisages
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growth scenario at the lower end.

In view of the post oil crisis trend towards 
stabilisation of energy use under economic constraints 
and policy pressures, bringing energy use into the 
Political spectrum; and seeing no reason for a revision 
°f this situation, in spite of oil price fluctuations, 
until a replacement for oil is found, low growth 
scenarios for energy use seem to be the most likely.

There is certainly a large amount of slack which
c°uld be taken up in the system in the industrialised
countries, conserving energy and allowing economic growth
without energy use growth, yet in underdeveloped
c°untries with a low energy use and a high reliance on
n°n-commercial fuel sources already stretched to their
limits, development is almost certain to mean greater
ener9y use. Unless these countries are driven to making
c°nsiderable use of renewable resources at an
Intermediate technology level by continued high
lnternational energy prices, energy use will be pushed
up.

However, with 83% of present energy usage in the 
S l o p e d  countries, large percentage increases would be 
needed in LeSs Developed Countries to change the world 
Picture.a great deal.

Thus a look at 'natural state conditions' shows a
likelv* stabilisation in energy use, whilst preferred 
P°1icv „ .y options show the need for a large increase m
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supply to facilitate third world development. Yet 
optimism about third world growth rates cannot be very 
high, and the stabilisation scenario seems much more 
likely until such a time as capital formation has 
progressed far enough to allow demand increases. 
Therefore the most likely scenario seems to be for a two 
0r less times increase in world energy demand by the year 
2 0 0 0f with perhaps an acceleration after this date 
Spending on technical advances. Recent use 
stabilisation probably now extends this doubling time to 
around 2008, with a 1.6 times increase of 1980 levels by 
2 0 0 0. The extreme extrapolations of the 'doom-mongers' 
and the technical optimists seem to have little 
foundation, whilst political forces, faced with the 
Prospect of cumulative energy uses expanding towards the 
resource limit, are likely to have a strong impact on use 
levels.

Turning to policy variables, Hall (50) , deals with
future scenarios entirely from the standpoint of
Political divisions, treating the world as a series of 
Pover blocks and assessing the possible changes in the
Political/economic system, then looking deeper into
SOcipf.,*-y at the extent and possible future direction of 
Po ssiMDie change from a planning/social science viewpoint.
^1 th°u9h such an approach is a very useful one, few have
Ployed it, perhaps due to the difficulty of generating

mathpmatical projections from such a qualitative starting
Point * Much of the discussion of policy and structural
Var;rables is in terms of desirable options for the
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creation of a stable world system for the distant future, 
and is too subject to the manipulation of the forecaster 
to systematically analyse possible futures.

Other models include simple expressions of 
individual policies as variables, rather than as an 
°rganisational whole. Thus , the DOE scenarios include 
energy price, energy conservation effects, premium on 
self-sufficiency and extent of nuclear power programme 
decided upon as variables. This is a useful way of 
mcluding policy matters, even if they do not amount to a 
rigorous appraisal of possibilities. It is necessary to 
c°nsider policy options in the broadest sense before 
deciding to concentrate on single limited variables, 
though these variables may be sufficient in the end where 
they are the major influences on the pattern of energy 
Usage within a country.

Aside from technical change, (a major underlying 
Variable behind resource size and energy use, which has 
already been discussed,) other possible factors may be 
lncluded as variables, though they may strictly be seen 

existing only as a part of some larger factor. 
eeman's conception of . the gap of inequality between
lch and poor countries is as a variable in itself, and 
to ,d large extent, it is the discussion of the operation ̂̂ ̂

likely future extent of this gap which leads to his
Scgn .ari°s. This is an approach which admits sensitivity
10 a w (e9alitarian ideal, yet it need have no particular 
f elevance as a variable in discussing the more specific

161



subject of energy within a developed world rural context.

Certain forecasters, notably Meadows (51) , have 
considered environmental pollution as a variable on the 
macro scale, with a simple inverse relationship between 
P°llution levels and such factors as population and 
economic growth. On the basis of historical trends this 
seems to have no real basis in fact, takes no account of 
technical change, and tries to draw direct, tangible 
conclusions about the effects of pollution from data 
which, for the most part, is unquantified and relatively 
^tangible. Pollution is a more useful factor to 
consider as the end point of the model, such as in 
Barney's Global 2000 study, where conclusions can be 
^rawn about likely pollution levels. Trying to create 
feedbacks where pollution has a direct effect on other 
Vatiables is far more difficult to substantiate.

A major variable considered in most studies is the 
production of food, which may be seen as constrained by 
inPuts, or as a finite resource, yet is in reality a 
c°mbination of the two. Agriculture is particularly 
important due to the absolute necessity of food, the 
scarce nature of the resource, and its importance m  the 
rUral areas. It is this variable which places the upper 
limits on population growth, and tends to vary between 
direct extrapolation of past production trends, and 
c°nservative assessments of land availability
ProdUctivity.
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Obviously agriculture has wide implications for the 
use of energy in the rural areas, and is likely to grow 
in importance in the future, with tightening constraints 
°n food availability and its growing role as a political 
weapon. One factor which is unclear however, is the 
balance which is likely to emerge between increasing food 
Production and energy use in agriculture. Whether the 
future direction will be towards energy self-sufficiency 
W3-thin agricultural systems, or increasing energy inputs 
an<3 an integrated agricultural/industrial system remains 
an imponderable. Yet in either case, higher energy costs 
are likely to lead towards the desirability of some level 
°f energy conservation within agriculture, whether or not 
production losses can be tolerated as a result.

The Scenario Approach-

Various of the forecasters under consideration, 
n°tably Freeman, Hall and the DOE (52), have selected a 
number of . scenarios for consideration, without
lmPlifying these into a 'state of the world' scenario 

preferred policy scenario. The main problem withand a •
this
w°rld

scenario approach lies in selecting views of the
from the extremely high number that can be

«tea from a relatively small number of variables. 
HaU  arM«cnieves this by the assumption of various major
niodes
virt

°f operation' for a European system, thereby 
UaH y  assuming outcomes before operating the model.
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virtually assuming outcomes before operating the model. 
The DOE scenarios, on the other hand, assume a set of 9 
'state of the world' variables, and have a constant set 
of demographic assumptions.

Yet in choosing their 7 scenarios only 3 variables 
are changed, world economic growth, world energy price 
and policy options. There is little rigorous methodology 
in the choice of scenarios, apart from in the low and 
high growth and trends continued scenarios, which take a 
useful look at maximum, minimum and median growth 
cond itions.

Freeman, on the other hand, exhausts all the 
P ° s s i b i l ities involved in changing only 2 variables from
^i9 h to low, economic growth and equality of
cl'lstribution. His preferred scenario, high growth and
e9ual distribution, is then split into 5 levels of energy

• from a 'USA2000' level to a 'high conservation'
eve*« Such a method of scenario choice perhaps shows

heater methodology than the DOE approach, yet the latter
better able to isolate more specific factors and test 

the i r *aPplication on the whole system.

int*
The NRC study also uses a scenario approach, and

e9rates 40 sectors of energy usage into a complex 
^atriv

' coming up with 4 scenarios based on real energy 
' from a considerable drop to a quadrupling by

Prilces
^10 Thus a connection between price and demand is
estabiisned, against which to measure technical and

ir9y Use changes. This is also a useful approach, but
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one which is unable to really predict energy use from the 
state of the world, merely setting energy use levels and 
describing how constraints would be carried through in 
Practice.

Thus each approach has its advantages, yet a 
coalition of them all is not possible without increasing 
complexity many times over, A more formal adaptation 
°f the advantages of these models can lend a more 
balanced approach than mechanistic adoption of one of 
them.

Generally speaking, it is acceptable to choose high, 
*°w and central strategies for one major variable to
a «
lstinguish scenarios, whilst incorporating other factors 

m°re informally as necessary within these scenarios.

il. 4.¿.It Formulating a model-

The scenario based systems which remain are widely 
d _ ,

1 se m  nature, initial assumptions, methodology and 
V elf wLiao.ies. For an energy model which is applicable to 
the
eno
Pr0v

U«K. situation and is quantitative and specific 
u<3h to be useful, the DOE/Watt Committee scenarios 
lĉ e the best base from which to work. Using this

5ase
"iQdeis

• comparisons can be made with each of the other 
r Hall, Freeman and the NRC, in order to assess the

raiid
° f f and adjust, the DOE model.
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Hall's—•1 • 4'-li. The Pol itical/Organisational Framework ; 
yiew of Europe 2000, and the DOE Scenarios-

Hall's selective look at alternative futures for 
Europe encompasses 5 broad strategies: a more or less 
trends continued view of a suppressed Europe between 2 
Power blocks, the emergence of a unified Europe as a 
third power block, the further split into discrete 
nations with little or no European unity, a regional view 
°f Europe with peripheral areas breaking away, and the 
sPlit of eastern Europe from the USSR power block.

The DOE scenarios all assume the trends continued 
Vlew, with a bias towards a Europe of individual nations, 
Particularly with regard to their self-sufficiency 
Scenario. Such a view is probably not inaccurate in 
*-erms of inputs and outputs from the UK system, but in 

ternis of technological innovation and the use of
j» § 2

Urces it is an over-simplistic one . Thus energy 
°nservation effects, nuclear programme energy prospects
£rom i , ,alternative sources and the depletion of coal due to
P°rt might all be expected to be higher than in the DOE 

Scenarios.

In terms of rural, and particularly agricultural 
variables, which are not included by the DOE at all, 

Hall's regional approach is of considerable interest, 

Since present policy in such matters as the Integra 
Oevelopment Programme for the Western Isles has already 

a regional stance. Thus it is possible that an
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increasingly regional view of a central versus a 
peripheral Europe might have a strong influence on the 
future pattern of the rural areas.

Growth and Equal ity Scenarios; Freeman's 
^£Proach to Gaps in World Development-

Freeman's scenarios are rather more politically 
exPressed than those of the DOE, and span a wider range. 
Thus they were able to envisage the recent drop in world 
fuel prices where others did not. The DOE consideration 
°f energy prices takes the place of a more rigorous study
O f resource depletion, and presents an adequate 
alternative for present purposes. Freeman's technique of 
comparing individual periods of history with future 
Patterns, to achieve historical precedent for trends is a 
USeful one, particularly for the consideration of the 
future development of third world countries, a factor 
w^ich, however, is only important here where it exerts an 
nfluence on the developed world. DOE variables can be 
Ousted to take account of these effects by an informal 
^Parison with Freeman's figures.
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_3.1.4« 3. The Sectoral Approach to the
The NRC Scenarios-

Use of

The NRC approach allows a lot of separate inputs for 
separate sectors of the economy, something which the DOE 
model cannot do. Of particular interest is the 
agricultural sector, where the energy inputs can be seen 
to arise from various sectors of the economy. Yet in 
spite of the usefulness of such figures, the multipliers 
by which they are calculated are of dubious accuracy and 
should not be treated as mathematical certainties. The 
NRC scenarios also consider in more detail the 
implications of scenarios for the use of energy, and 
energy conservation in different sectors, thus attempting 
t0 trace the effects of technological innovation and 
diffusion for different scenarios.

With a lower end estimate of 2% GNP increase/annum, 
the NRC forecasters take a more pessimistic view of 
9r°wth, and a 2% figure taken as the world, (rather than 
developed countries) figure, would seem fairly realistic. 
The probability of low growth is taken account of in the 
Scenarios developed by this research by adjusting the DOE 
Short term figure downwards by 1.5% to reflect recent 
recession levels.

168



It is appropriate to limit the number of scenarios 
considered for ease of perception to 3, broadly speaking 
a low, middle and high growth path, with relevant policy 
assumptions and other criteria being incorporated through 
variables, and other DOE scenarios being incorporated 
^formally within these three to reflect a broader range 
of futures.

Two major variables are added to the DOE list to 
assist in the prediction of rural area characteristics, 
a9ricultural conditions and rural demographic structures.
muese are variables in the true sense, in that they do 
n°t necessarily follow from the other conditions 
Ascribed, but merely reflect a high likelihood. By the 
a<̂ 3ustment of variables, an amended picture is produced 
hich is adapted from the DOE descriptive rendering of 
Cenarios. Effects which have made themselves known 
lriCe the initial preparation of the DOE study are also 
cluded by adjustment of variables, and presentation is 
r9eiy non-quantative to give a broad picture of 
Sslble future rural conditions. Table3.3. gives a

r i n k 1Ption of these scenarios in terms of the values of 
variables involved.

j« 1.4^4  ̂ The Choice of Scenarios-
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Igble 3.3. THREE SCENARIOS TO 2025. (Adapted from D.O.E. forecasts) 

(53)

' 0 '  TRENDS ' 1  * LOW GROWTH ' 6 '  HI G H  GROWTH
CONTI NUED

U . K .
L c o n o m i c  
g r o w t h .

77-----------------------------

Low g r o w t h  t o  
1 9 9 0 ,  t o  1 . 5 %  on 
r e c e n t  t r e n d s .

i 9 9 0 - 2 0 0 0  n  
2 . ' 0 0 - 2 C i 0  ¿ . 5 %  
2 0 3 0 - 2 0 2 5  2»

S e l f
s u f f  i c i e n c y , 
n u c l e a r  l i m i t ,  
l o w  g r o w t h  t o  
1 9 9 0 ,  t o  1 . 5 %  on 
r e c e n t  t r e n d s .

1 . 5 %
1 %
0 . 5 %

H i g h  e n e r g y  
c o s t ,  E u r o p e  o f  
r e g  i o n s , 
r e s o u r c e
c e i l i n g  , l o w 
g r o w t h  t o  1 9 9 0  
t o  3 %  on r e c e n t  
t r e n d s

4%
3 . 5 %
2 %  l o w  t o  
r e f l e c t  r e s o u r c e  
c e i l i n g .

Wor l d  
oconom i c  
g r o wt h

t o  i 990 2 . 5 1  
1 9 9 0 - 2 0 0 0  4% 
2 0 0 0 - 2 0 3 0  3 . 5 %  
2 0 3 0 - 2 P 2 5  3%

1 . 5 %
2 . 5 %
2%
1 . 5 %

4 . 5 %
5%
5%
3 . 5 %

W o r l d  e n e r q v  
P r i c e

S l o w  r i s e  t o  
1 9 9 0 ' s  , t h e n  
f a s t e r

L o w e r  t h a n  
s c e n a r i o  ' 0 1

D o u b l i n g  s o o n ,  
f a s t e r  t h a n  
s c e n a r  i o  ' 0 1

e n e r g y
P r i c e
compar ed t o 

- — J i o r l d ^
As a t  p r e s e n t H i g h As  a t  p r e s e n t

^ h e r g y

Cor' S e r v a t i o n
P r e s e n t  t r e n d s  
s l o w l y  c o n t i n u e

H i g h  p r i o r i t y  
f o r  l o w  t e c h ,  
c o n s e r v a t i o n

A b o v e  p r e s e n t ,  
h i g h  t e c h  l e v e l

S e l f

SifSi*ncy
P r e s e n t  p o l i c y V e r y  h i g h P r e s e n t  UK 

p o l i c y ,  s h i f t  to 
E u r o p e a n  s e l f  
s u f  f  i c  i e n c y

N o c i e a r
P l a n t Max.  5 0 - 6 0  GW 

b y  2000

Low,  2 0 - 2 5  GW b y  
2 2 0 0 0 ,  l i t t l e  
a f t e r  .

M a x .  100GW by 
2000

e j pt e r n « t i v e

s o u r e d

P r e s e n t  t r e n d s  
o f  d e v e l o p m e n t

Low t e c h .  b u t  
d e v .  e n c o u r a g e d  
b y  n u c l e a r  
1 i m i t s

P r e s e n t  t r e n d s ,  
i n c r e a s e  a f t e r  
20 00 t h r o u g h  
r e s o u r c e
c e i l i n g ,  h i g h  
t e c h .

C o a l

? r o ^ c t i o n

" --------------------- -

P r e s e n t  p l a n s
W e l l  a b o v e  
p r e s e n t

P r e s e n t  p l a n s ,  
l a t e r  more w i t h  
r e s o u r c e  c e i l i n g  
and e x p o r t

¡ t i r a l

; " o ? r a p V c
SumP t i o n s

C o n t i n u e d  d e p o p .  
and c h a n g e  i n  
r u r a l  u r b a n  
f r  i n g e

R u r a l  w o r k f o r c e  
r a t i o n a l i s e d  t o  
a g r i c u l t u r a l , 
r e v e r s e  o f  
g e n t r i f  i c a t i o n

P o l i c i e s  s u p p o r t  
r u r a l  s t r u c t u r e ,  
s l i g h t  g r o w t h ,  
t o u r i s m ,
r e t i r e m e n t  and
s u b u r b a n i s a t i o n
s t r o n g

9̂r i c  u l f
C° n d i t  *U r a l  iT- i o n s E m p h a s i s  on 

b e t t e r  a r e a s  and 
e n e r g y  i n t e n s i v e
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Low t e c h ,  h i g h  
e m p l o y m e n t  d ue  
t o  l a c k  o r  o t h e r  
o p p o r t u n i t i e s , 
i n c r e a s e d  
p l o u g h i n g  o f  
m a r g i n a l  l a n d

L a r g e  f a r m s ,  
h i g h
m e c h a n i s a t i o n  
w i t h  e n e r g y  
e f f i c i e n c y ,  
m a r g i n a l  a r e a s  
u n d e r  e x t e n s i v e  
m e t h o d s .



j.1.5. The Scenarios Developed for the Study- 

3.1 .5.1. The 'Trends Continued' View-

The basic divergences from the DOE view in this 
scenario are; lower initial economic growth, continued 
depopulation of peripheral areas and the suburbanisation 
°f the rural-urban fringe, and greater emphasis in 
a9riculture on more productive areas, with continued 
amalgamation of farms and mechanisation.

Economic growth rises by 1990 to 3%, then slowly
falls in the U.K., with world growth remaining somewhat
higher, increasing oil shortages, after the present
artificial 'gluts', would result in rising prices. With
c°al production rising to 150 million tonnes then
stabiiising, existing technologies are sufficient for its

fraction and use. Oil retains its importance for a
n<3 time to come, due to enhanced extraction rates, 

Whiist. ,c aH  the renewables do not amount to more than 40 
mil]in n tonnes coal equivalent by the year 2000, mainly
mQ(]g UP of wave power and solar heat, with wave power 
1 ate 1In making an appearance due to recent government
hai£inn<3 °f the development programme. Real advances in 

ear power are not achieved, due to the inability to 

P fusion power in the foreseeable future.

nucl
devei0
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In terms of conversion, combined heat and power 
plants are likely to make a considerable impact in areas 
°f steady local demand, with district heating gaining in 
importance after 2000. These are factors which take 
rural areas further away from the cheapest and most 
readily available fuel source, yet the increases in gas 
Prices and resort to synthetic natural gas (SNG) tends to 
balance out this isolation effect as many urban 
households return to electricity

A 20 to 25% saving in energy use is achieved by
conservation by 2025, particularly through improvements
ln buildings, the small scale nature of which is of some
advantage t o  the rural areas. With existing transport
Patterns, technology has reduced average fuel consumption
ky a further 10% by the turn of the century, though

electric vehicles and other fuels are unlikely to have
^ade an impact, and with oil prices rising faster than
those for other fuels, rural areas are likely to suffer
n’°sb. Localised rural impacts are likely to be felt with 
the reduction in importance of oil and the withdrawal 
from existing North Sea sites, whilst new coal 
evelopment will require land, as will shifts to other 
reas in search Qf oil.
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j*1.5.2. The Low Growth View-

The basic differences between this scenario and the 
DOE version are; lower economic growth to 1990; higher 
energy conservation effects due to nuclear limits, but 
generally operating at a lower technical level; a higher 
Premium on self-sufficiency; a nuclear plant building 
Programme central between 'low growth' and 'limits on 
nuclear' scenarios; slightly higher use of renewable 
sources at the present technology level; higher coal 
production; the reverse of suburbanisation and 
9entrification, with further reduction of the rural 

P°Pulation to a more purely agricultural one; and a low 
technology, self-sufficient approach to agriculture 
c°ming to the fore, with a reversal of present trends 
towards larger farm sizes.

Though world energy prices do not rise very fast, 
government measures keep up the price of UK energy to
Courage conservation, whilst indigenous resources,
Particularly coal, are exploited more easily with the
Auction of workforce consequent on the recession. Oil
extraction extends well, into the next century on a
Self'sufficient basis in spite of the limits on nuclear 
PQwe r.

Combined heat and power, and district heating
Schemes are encouraged to the detriment of the rural 
areas, vh.

' «list electricity has a low priority against 
°^her Sources, and the continuation of oil use is of some
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advantage to the rural resident with a high need for 
energy for transport. SNG from coal is a high priority, 
but coal itself regains prominence in the rural areas. 
Existing energy use patterns broadly continue, but with a 
high conservation effect and end use efficiencies, and 
later a strong move to replace hydrocarbons quickly 
enough to avoid imports.

Renewable sources have a high priority. The effects 
°f changes in the siting of oil based activities in the 
rural areas would be much slower than for other 
scenarios. Conservation could save some 30% of all 
energy use by 2025, with a high conservation level in 
Gildings and a 15-20% reduction in fuel use for 
transport by 2000, albeit still all based on oil as the 
fuei source.

A base level of population is reached in the rural 
s' as agricultural depopulation is halted or 

eversed, but support facilities and other rural 
ctivities such as tourism decline. Many rural areas 

UP food production at a low technical level due to 
°f alternative income sources, whilst there is a

S^itpkb to le ss energy intensive methods in less isolated
r Ural communities. Rural land requirements increase for
coal

ke
lack

wind
of
cor

Production and the development of renewables such as 
' which could become a viable 'export' and a source 
income and employment in isolated areas. A 

responding decrease in the requirement for land for
°il r®lated activities is felt.
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j.» 1.5.3. The High Growth View-

The major differences between the DOE scenario and 
this version are; lower economic growth to 1990; a 
faster rise in energy price due to world conditions 
before 1990; slightly higher conservation effects at a 
higher technological level; present expectations as to 
UK self-sufficiency, but a shift to a more European 
viewpoint; a higher reliance on renewable energy sources
j ue to resource pressure by 2000, and a similar move 
towards coal supply increases. Successful national and 
European policies place a higher priority on peripheral 
rural areas, and these are able to achieve growth as 
Marginal areas come under agricultural production, and 
immigration of the urban dweller into rural areas near 
towns continues.

Energy price rise is rapid, and tends to rise very
Quickly initially, then to fall more in line with
tenario increases, before rising again as the resource
ceil
Pro

lngs are reached before substitutes for oil can
Perly take over. Coal increases in importance to

1"1$ Q £ -Iy 200 million tonnes/annum, whilst oil recovery
fech
ine

niques are advanced. Nuclear plant building also 
leases. The percentage contribution of ele 

n̂creases, whilst combined heat and power pla 
distiict heating are introduced in selected areas 
av°urable economic conditions.
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Some high technology, large scale renewable energy 
developments come into effect, often being sited in rural 
areas, though with an end use in urban areas, whilst the 
Market for small renewables hardware in rural areas 
increases.

Nearly all new electric power plants are nuclear, 
Wlth the increase in coal production largely being put to 
wore low grade end uses. Conservation gains save up to 
25% of total energy use, again mainly in buildings and 
transport, with the introduction of more electric 
Vehicles, particularly in urban areas. Agriculture gains 
lncreasing importance as a branch of industry in the 
ketter producing areas, whilst marginal areas are of low 
ec°n°mic importance, but come under efficient extensive 
Production. Peripheral rural communities are propped up 
ky central influence, and experience slight growth in 
SltlaH  industries and such factors as tourism. Land
essure increases for all forms of urban development and 

f o ̂ fuel extraction, particularly for coalfields and 
Uciear power plants.

Scenario Effects on the Rural Areas-
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national energy use affecting the structure and function 
of the rural areas as a whole. Table 3.4. interprets 
the three scenarios, chosen basically in terms of 
economic growth variables, but with a large amount of 
variation in other variables, and describes the effects 
°n rural communities, economies and energy use which they 

appear to generate.
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CHARACTERISTIC

F a b le  3 . CHANGES IN  RURAL CHARACTERISTICS IMPLIED BY THE SCENARIOS. ( 54 )

GENERAL

Policy and public
priority on rural areas

Agricultural form

Demographic form

Settlement form

Rural industrial form

Land pressure, general

[.and pressure, i e l atimI energy

TRENOS CONTINUED LOW GROWTH HIGH GROWTH

L o w , increasingly leisure 
b a s e d , with periphery
depopulating, low
priority for marginal
areas as economic units.

Emphasis on better areas, 
decline of the periphery, 
increasing farm size and 
mechanisation

High, due to decline of 
industry, lower pop. but 
enforced economic
feasibility of allareas 
but the most outlying

High priority for 
periphery and for 
agriculture in general, 
but low tech, solutions 
and a halt to increasing 
farm sizes, lower energy 
use, high employment

High, policy response, 
low economic importance 
of the periphery, but 
high leisure and 
conservation pressure. 
Relatively high pop.

Marginal farming areas 
supported uneconomically, 
Extensive cultivation, 
larger farms and greater 
mechanisation, but high 
emphasis on energy 
conservation

Continued depop. and 
replacement by tourism 
and suburbanisation

Consolidation of the 
local community and the 
withdrawal of the middle 
classes, poor conditions, 
but a basic level 
agricultural workforcein 
more isolated conditions.

Successful policy to keep 
population in the rural 
areas, improved 
infrastructure and 
continuing in-migration 
for retirement etc.

Minor spread in villages 
near cities, periphery 
collapses, eventual 
withdrawal to larger 
villages

Cease of urban spread and 
a move to small villages 
in the periphery with low 
communication level and 
low infrastructure

Growth, outlying and 
suburban, some emphasis 
on rural employment in 
light industries creates 
new centres, support of 
smaller settlements

Decline of service 
industries in rural 
areas, some energy based 
development, some high 
tech, growing near 
cities.

Little industry in 
countryside, all support 
facilities withdraw to 
towns

Spread of small industry 
in rural areas, crafts in 
the periphery, high 
value/weight high tech 
around cities. Oil, 
coal, nuclear, renewables 
spread in rural areas

Continuing pressure on Low land pressure
rural-urban land

Pressure on marginal land 
for agriculture, 
rural-urban development, 
h igh env ironmeritdl 
pressure, small 
settlements expand

Coal, nuclear and oil
pressure, environmental 
problems of old oil
develojxnent

Some pressure for 
renewables for rural 
generation etc. coal 
field pressure, low 
pressure for new oil, 
some biofuels.

High pressure for new 
oil, coal and nuclear. 
Environmental problems of 
old oil devs. after ¿HHH 
pressure for renewables
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Some* Perl 2 d i n<gr
conservât¿on tso v & n  u r~  f a n

rens compared to present

Disadvantages compared to 
urban areas at present

Low importance of 
renewables in rural 
areas. CUP and district 
heating takes urban areas 
ahead. bow transport 
conservation effects

Agricultural sector
energy use

Increasing mechanisation 
on present technology, 
low emphasis on outlying 
regions and on 
conservation

Medium conservation
Domestic sector energy effect with continuing
use retrofit system at

low-tech level, some 
technical advances

Transportation sector
energy use

Continued reliance on 
private cars and running 
down of public transport, 
compensated for by 
greater efficiencies, 
sharing etc.

Rural industrial sector Few rural industries, low 
efficiency and present 
energy source

Tec hnoIoq i ca1 level Median technology in all 
sectors

Oil continuer., coal main 
replacement, miel ear
secondar y

Main shifts in eneigy

Continued oil use roc
transport, high crons, 
effects for buildings and 
transport, decline in
urban standards allots rural areas to become 
economic, conservation -in 
agriculture.

H i g h e r  8 electricity use, 
later influence of
renewables favours rural 
areas, agric. approaches an industrial form, 
larger rural communities 
have more economies of 
scale

CUP and district heat in 
urban areas not available 
rurally. Low t 
electricity, high 
priority on SNG, low 
economies of scale, 
increase in real 
transport prices and in 
rural transport needs.

High oil price for 
transport, some CHP and 
district heat. Electric 
vehicles have high urban, 
bias for shorter 
distances

Energy input decreases 
without much more energy 
efficiency, low tech 
solutions

High conservation but 
high tech, solutions and 
increased mechanisation, 
even in the periphery

High emphasis on 
retrofit, low tech 
solutions, little 
opportunity to combine 
with other sectors. High 
emphasis on small-scale 
self sufficiency through 
renewables

Opportuni ty for
combination of
conservation with other
sectors, high tech.,
level not so appl icablerurally

Decreased 
pr ivate 
pubiic 
lower 
sharing

importance of 
cars, worse 

transport, but 
energy use or 
schemes

Private car 
reduced only 
alternative 
increased 
transport a
eff iciencies

emphasis 
where an 
available, 

pubiic 
t high

Few rurat industries, low 
tech. with efficient 
energy use

I.ow tech. in all 
sectors, emphasis in 
agric. on energy 
input/output ratios

Oil continues, coal a 
cheap replacement,
renewables in rural 
areas, on small scale, 
self sufficient basis

bow energy industries and 
crafts at high 
efficiency, high 
electricity use

High tech. in all 
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The result is an assessment of rural , future 
possibilities, in which the high growth scenario as 
presented, assuming a high emphasis on supporting the 
periphery with central funding, is the only one likely to 
iron out many of the present problems of the rural areas. 
On the other hand, the low growth scenario, albeit harsh 
on rural population levels, is the only one likely to 
preserve a locally employed community without outside 
support. Thus the low growth mode, whilst unable to 
improve absolute conditions in rural areas, does shift 
the rural-urban bias in favour of the former, and allows 
a real economic self-sufficiency for rural communities. 
In higher growth situations the potential for rural areas 
as contributors to society is low, except where a part of 
that high growth is ploughed back into them.

Certain features are common to all scenarios, such 
as the probability of the increasing importance of large 
scale conservation effects operating on energy use in 
such fields as combined heat and power plants and 
district heating schemes, both of which legislate against 
rural areas. Another common feature is the increasing 
importance of agriculture in some form, tending to 
support the rural areas in general, albeit that in some 
cases the advantage is not felt in the remoter, more 
marginal areas. Also common throughout the scenarios is 
the relatively low confidence in the ability of renewable 
resources to go far towards meeting national needs, 
though of course their application to individual, 
small-scale rural needs can be of great importance.
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3«1.7. Moving Towards a Single Scenario for Appiication
in a Delphi Survey-

Any study of futures has tended to conclude that the 
range of possibilities is limitless, and that it has made 
many arbitrary decisions as to its direction in the 
building up of pictures of the future. Scenarios cannot 
hope to be comprehensive, and neither can the model 
itself, whilst many functions are omitted. The present 
non-mathematical approach to adjusting an existing set of 
scenarios cannot claim to be scientifically objective, 
but it hopefully gives a reasonably readily absorbed 
picture of the range of possibilities for rural areas and 
their energy use.

The task in designing the Delphi survey scenario 
(section 3.2), was to turn these multi-directional 
futures into a uni-directional one for comment by 
panelists. This involved adaptation of the low growth 
scenario, and the addition of more detail than has 
previously been the case, some of which was not 
necessarily consistent,.but designed to provoke responses 
from panelists. Thus the first round of the Delphi 
survey contained various elements of the other two 
scenarios listed above, with the conferencing process 
being relied on to sort the scenario into a single most 
likely future.

181



3.2. The Evolution of a 'Delphi Methodology

3.2.1. Introduction-

It was proposed that 'grass-roots' level research 
into the potential for energy integration between 
agriculture and the rural domestic sector, should be 
supplemented and further developed by a parallel 'Delphi' 
type methodology, taking advantage of the expertise and 
opinions of a range of 'experts' in the different fields 
which touch on aspects of the subject. It is the 
function of the following section to explore the 
characteristics of Delphi, and to synthesise a specific 
methodology for use in generating workable, consensus 
based futures within the framework of the project.

Descriptive and philosophical discussion on the 
nature of Delphi is followed by an exploration of the 
available methodology, together wih a clear statement of 
the hypothesis which it is hoped to be able to test.

3.2. ^Delphi' in Brief-

Despite the mystique suggested by the 'oracle' 
reference in the name 'the Delphi Method', the technique 
is in essence no more than a series of methodologies for 
'long-range conferencing', utilizing the opinions of 
'experts' and others in a more or less structured format,
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usually to achieve a consensus from an initially wide 
range of views on a given subject.

Perhaps partly due to the implications of the name, 
and partly due to original and subsequent predominant 
uses, Delphi has become associated with forecasting, more 
particularly with technological forecasting, but although 
of course there must be an element of the forecast in any 
social science research, this element is by no means a 
necessary function or limitation of the method.

The origins of Delphi lie in the perhaps rather 
sinister area of the application of ....

..."Expert opinion to the selection, from 
the point of view of a Soviet strategic 
planner, of an optimal U.S. industrial target 
system, and to the estimation of the number of 
'A-bombs required to reduce the munitions 
output by a prescribed amount".

...which was the avowed intention of the first example of
the method, 'Project Delphi', by the Rand Corporation in
the 1950's. (55)

Since this rather grandiose starting point, after a 
suitable lapse of time between the study and any public 
access to such sensitive material, the Delphi method has 
been expanded and applied in many fields, more latterly 
in the social sciences, though generally in attempts to 
find answers to quite specific problems which may not fit 
neatly within an individual specialism. A notable gap in 
the literature, though an understandable one in view of 
the vast complexity involved, is any attempt to employ 
Delphi in the production or refinement of generalised
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future models of the type which have proliferated since 
it's inception, in spite of practitioners' identification 
of^the method both with forecasting and with the ability 
to make wide generalisations (56).

Delphi is basically no more than a method for 
structuring a group communication process, so that it is 
effective in allowing a group of individuals, as a whole, 
to deal with a complex problem. A further 
characteristic, which distinguishes the method from a 
simple conference or series of correspondences, is the 
existence of a monitor, or monitor group, whose function 
ought to be rather more than that of recording, or 
'minute taking', but should structure and interpret the 
communication process to produce, with reasonable 
confidence levels, results to a specific inquiry

Two basic modes can be said to exist in 'Delphi' 
both for methodology and intent. Methodology may be 
either conventional, a 'pencil and paper' exercise, 
usually carried out by post over a considerable amount of 
time, or real time, a less fully developed method in 
which the group communication process is almost 
conversational, in as much as interactions are short and 
occur rapidly, yet in which a highly structured element 
is introduced in the form of a computer programme for the 
immediate aggregation and processing of individual rounds 
°f the survey for resubmission to the participants. 
Intent is likely to differ in as much as an inquiry might 
either be looking for an eventual consensus view on a

184



problem, or might serve the function of a kind of pilot 
probe into the number of diverging views and ideas 
available,(as well as the number of differing types of 
concern under a particular heading) , though in reality 
the former type must also pass through this stage, and is 
merely a more complete version than the latter.

The nature of Delphi is more than just a one-off 
communication, a questionnaire which elicits existing 
opinion, it is specifically an interaction process, 
requiring of necessity more than one round of views and 
opinions, together with feed-back after each full round, 
and the belief that it will be beneficial to employ the 
opinions of more than just a very few, perhaps 
like-minded individuals, in a group which could not 
easily or adequately sit around a table in discussion 
(57) .

It is suggested that the choice of 'Delphi' over 
other methods of inquiry in any particular case, relies 
on the problem under research having one or more of the 
following characteristics....

1. Precise analytical techniques do not 
exist, so that subjective judgements on a 
collecive basis may be useful.

2. Individuals needed for such a broad 
complex problem have no great history of 
communication, and come from diverse 
backgrounds and various specialisms.

3. More individuals are needed than can 
cooperate properly in a face to face exchange.

4. Time and cost makes group meeting 
infeasible.
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5. Face to face meetings might be 
increased in efficiency by supplemental group 
communication processes*

6. Disagreements amongst individuals are 
very severe or politically sensitive, so that a 
high degree of anonymity is required.

7. Validity of results can be increased 
by avoiding domination by the strongest 
personalities or the largest groups. (58)

Thus it can be seen that, far from representing a 
single specific technique aimed at a specific goal, 
Delphi is merely a broad type of interactive process, and 
as such there are few rules to be rigidly adhered to, or 
laid down procedures which must be followed, but the 
individual problem demands the careful formulation of an 
individual, appropriate methodology to deal with it, once 
the decision to use Delphi has been taken.

3.2.3. A Philosophical Basis for 
Social Sciences-

Delphi Within the

It must be said that at first sight Delphi fits 
rather uncomfortably beside both traditional views of 
scientific reasoning, and moral/ethical bases for the 
social sciences of the latter half of the 20th century. 
However, a deeper investigation shows both hypothetical 
objectors to be in the wrong, as long as Delphi subjects 
and methodologies are carefully formulated.
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Using the opinions of 'experts' as an alternative to 
scientific inquiry seems like rather a backward step, 
perhaps reverting to a time before the advent of social 
science, or in a more modern context, foreboding the 
takeover of many functions in society by the technocrat.
However, if Delphi is seen as merely being an alternative
to a conference, that is, an organised gathering ground 
for pieces of other people's scientific inquiry, and an 
adjunct to, rather than a replacement for, empirical 
research, then it can be justified in the same way as any 
other normal communication process.

Nevertheless, it is still necessary to ensure that 
the subject of the Delphi is a valid one, and 
particularly that it is not open to more direct research, 
or the 'elitist' criticism holds good. For instance, it 
would be counter productive to inquire in a Delphi,
(except perhaps for reasons of studying the biasses and
illusions of the panelists themselves) , as to what 
experts believe to be the opinions of the populace, when 
tried and tested techniques for the direct assessment of 
such data already exist. Suffice it to say that the term 
'expert', say on rural matters, might well include the 
small farmer, the estate worker, and perhaps even the 
occasional tourist. The criticism of elitism is a 
potentially serious one, and one which must be carefully 
guarded against.

Delphi is a method of inquiry likely to be 
mistrusted by empirical scientific researchers, for
within the actual method itself there is little or no
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content ;actual empirical content; neither can statistical 
inferences be drawn about the data collected, (though 
statistical projections can be modified using the results 
of the Delphi), for there is no randomness in the choice 
of panel members, and no particular group in society that 
they can be said to represent, so that opinions cannot be 
averaged, and the process remains merely an ideas forum 
unless consensus can be reached. Yet even the consensus 
situation is of dubious scientific validity, for the mere 
fact of agreement between parties initially of several 
different persuasions (though not all possible ones) , 
does not constitute the classical conception of the 
scientific testing of an idea. Even were all possible 
points of view to be sampled, general agreement may bring 
one no nearer to the truth than arbitrarily choosing one 
of several viewpoints.

Yet the philosophical basis for a strictly empirical
science which finds (some might say 'creates') , absolute
truths through flawless and incontrovertible testing
procedures is at best shaky. Most inquiry systems must
recognise lack of certainty and the shifting nature of a
truth which is subject to refinement, and sometimes
complete changes of direction. Thus Popper's development
°f Critical Rationalism postulates that....

"....Knowledge evolves through a sequence of 
conjectures and refutations, of tentative
solutions to problems, checked by searching and 
uncompromising tests....in the eyes of Critical 
Rationalism our knowledge is not securely 
founded, being freely aired rather than staidly 
grounded ....What matters.... is whether the 
conjectures under debate are right, not whether 
there are reasons to suppose that they are. If
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a conjecture weathers all the objections one 
can raise against it, then there is no reason 
to suppose that it is not right. Nor....is 
there any reason not to suppose that it is 
right....And being right....is quite good 
enough.... Rarely, of course, do we know that we 
are right, but we do'nt need to know it if we 
are. (59)

Against a background such as this, the suggested 
objections to Delphi on the part of the empirical 
scientist become inconsequential. Delphi takes an 
initial view of the 'truth' of a situation from a monitor 
group, assimilates as many alternative views of truth as 
can reasonably be gathered, and invites participants to 
throw all the criticisms they can muster against the 
monitors' and each other's views of truth. Those views 
which survive such a bombardment and which are eventually 
agreed upon may, as long as the methodology itself stands 
up to criticism, reasonably be considered to represent 
'truth', until some other inquiry, by a similar approach 
of new ideas standing up to criticism, refutes them. 
Other inquiry systems in the annals of philosophical 
thought can also be used to justify research of the type 
that is implicit in a Delphi survey. (60)

Under the philosophy of Critical Rationalism, truth 
becomes a creation rather than a discovery, and the 
creative structured discussion inherrent in a Delphi a 
rational means towards creating it.

In terms of intent, Delphi methodology may be aimed 
at achieving any of the following....

Ensuring that all possible options are
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considered.
Estimating the impact of a particular option. 
Estimating the acceptability of an option.
(61)

...though in reality a well constructed Delphi, with a 
wide enough panel selection, might hope to achieve all of 
these results in the order represented here.

So the philosophical justification for the method is 
clear enough, and it remains to be seen how methodology 
can be adapted to the circumstances of the present 
project to create a valid research procedure.

3.2.4. The Practical Nature of Delphi-

As has already been mentioned, the name 'Delphi' 
presupposes an oracle-like method of forecasting, which 
the method certainly is not. Conversely, since Delphi is 
not a single, predictive method, but merely a set of 
types of information gathering procedure, criticisms that 
it is "no good at predicting the future" are invalid, in 
as much as each individual survey is as good or as bad as 
the design of its methodology allows.

Much of the available experience in Delphi to date 
has occurred in a business setting, and has been 
concerned either with intra or inter-organisational study 

trends and desirable courses of action. For instance 
Enzer (61), describes a Delphi survey designed to predict
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specific advances in plastics technology over a 15 year 
period« Others have concentrated down further, and used 
Delphi as a means of criticising and.amending individual 
company policy and organisation, without the need to 
expose individual participants to the fear of the wrath 
of their superiors.

Aside from business uses, the other main area of 
Delphi utilisation has been in policy formulation. The 
inception of this kind of Delphi in 1969 (63) , introduced 
several changes in the traditional form. In most policy 
Delphis, it no longer becomes possible to select a 
homogenous group of 'experts' who have a knowledge of the 
whole field of inquiry. On the contrary, though the 
expert may be able to contribute some quantifiable 
estimation of a particular effect, no-one is expert in 
the whole field, and all are merely advocates of a 
particular viewpoint.

Consensus cannot arise so easily given such a form, 
and the complexity of issues to be discussed, but if it 
arises at all it does so out of a deliberately wide range 
of strongly opposing views. Also there can be no sense 
in which a decision maker has the panel formulating his 
decision for him, they merely put forward their eventual 
view or views for consideration. Given such a purpose, 
consensus may not be a primary aim, and in some cases may 
even be actively discouraged by the monitor, in order to 
maximise the number of opposing views arising.
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Many Delphis of this type have dealt with specific 
proposals and the issues arising from them, such as inner 
city ring-road schemes. Others have concentrated on 
wider, but still geographically located issues, such as 
transportation plans for a major city, or the likely 
future pollution effects around the shores of the Great 
Lakes. (64) In a wider context still, studies such as 
the U.S. National Drug Abuse Policy Delphi take the 
method into a more amorphous sphere where the choice of 
'experts' is still wider, and the issues under discussion 
highly varied.

Perhaps the widest concept to be subjected to a 
Delphi to date is the idea of forecasting, from the whole 
range of issues of concern to society, those issues which 
will be of most public concern for the medium and 
long-term future. For instance, again in the U.S., a 
Delphi entitled "An Experimental Public Affairs Forecast" 
was carried out in the early '70s, involving a panel of 
some 70 people from many areas of public affairs withthe 
objective of identifying an ordered list of national 
Priorities and areas of major concern for the 1980's. 
Though admirable in its broad conception and attempt to 
tackle issues which are difficult to forecast, and indeed 
even difficult to identify, such an exercise obviously 
invites criticism as to the validity of the method, since 
the issues being forecast are merely "what ordinary 
People will think about", and the abandonment of any 
attempt to assess this data directly, perhaps by 
surveying the young and extrapolating to a future date,
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opens up the study to the criticism of 'elitism' outlined 
above. Therefore the present research attempts to 
restrict matters to those that cannot.easily be elicited 
directly from people at random. Information which can be 
thus aquired is the subject of the local surveys.

Although such studies give an idea of the range, and 
potential broadness, of the issues which may be discussed 
under a Delphi survey, it remains notable that issues 
tend to be formulated in relatively narrow ways, and that 
some restrictions are imposed on panelists including in 
their analysis the whole range of human activity which 
might be encompassed in a generalised future model. It 
is this problem of how far to restrict discussion, and 
how many imponderables can be introduced into a workable 
model, that creates the major issue for formulating a 
specific hypothesis and methodology for the present 
project. Imbuing a complex problem with a high degree of 
1straighforwardness' is both a difficult and desirable 
skill and, if taken too far, a potential danger in 
conducting a Delphi survey.

In a policy Delphi which is concerned with 
forecasting, it is important to recognise that even a 
collection of experts drawn from every aspect of a 
particular problem does not constitute expertise on the 
Problem as an entity, that is, the whole tends to be 
greater than and different to the sum of the parts. In 
addition, problems may be encountered through different 
people, irrespective of differences of opinion on matters
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of policy and their own specialism, viewing the future in 
different ways. It is certainly true that all individuals 
discount importance to a certain extent wih time; thus 
no one conceives a problem as being of the same magnitude 
if it is forseen as occurring in 100 years time, compared 
to problems which are encountered today. The difficulty 
lies in identifying the individual's discount rate per 
annum of the future importance of certain problems.

Thus it is suggested that such an effect can be 
equalised by a process of 'projecting panelists into the 
future', rather than asking them to forecast. That is, 
setting up an imaginary present, to be temporarily 
inhabited by participants, thus creating a perhaps 
slightly fanciful situation inwhich individuals can be 
expected to react by freeing their minds, to a certain 
extent, from present, pedantic concerns, to create a 
larger and more imaginative structure of ideas for the 
future.

This again emphasises the creative, as opposed to 
the purely analytical, nature of the most productive 
Delphis, and suggests routes towards a methodology to be 
applied in the context of the present project.
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3.2.5. The Justification for a Delphi Methodology in 
Studying Rural Energy Futures-

Section 3.2.3 used the concept of critical 
rationalism to justify the Delphi methodology per se, and 
the same arguments apply to the use of the technique in 
the present project. More specifically however, it is 
the basic interdisciplinary nature of the project which 
provides the rationale for the use of a Delphi survey.

The essential nature of this project is integrative, 
between both different sectors of society and different 
functions within these sectors, it having the specific 
function of cutting across the boundaries of individual 
specialisms, to the end of perceiving a total picture. 
Covering all the kinds of information needed requires the 
amalgamation of more specialists than normally 
communicate adequately together, and more individuals 
than can productively discuss an issue by more informal 
means.

Therefore Delphi, as described above, is plainly a 
good method of studying future integration potential in 
rural energy; whether it is the best or the only method 
is for discussion here.

Most of the data involved concerning the present 
situation, such as present energy use and attitudinal 
data, is available through direct survey in a relatively 
hard form. Data on the capabilities, for now and in the
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such asfuture, of some of the technology available, 
renewables hardware, may be available in the literature, 
but some form of communication with specialists may be 
the most useful method of acquiring answers to certain 
specific enquiries as to the applicability of hardware to 
specific situations, though Delphi would not be the only 
means of acquiring such information.

It is in the realm of predicting the future, first 
globally and nationally, then within this sphere rurally, 
and within the rural future predicting the future of 
energy use and the potential for inter-sectoral 
integration, that Delphi comes into its own.

Hard data is obviously not available on the future, 
and the welter of available forecasts are both often 
contradictory and not specifically applied to the problem 
at hand. An alternative to Delphi in drawing together 
the various strands of knowledge needed, might be the 
subjective adjustment of forecasts in the literature to 
the rural energy situation, (as has indeed been carried 
out in section 3.1. as a preliminary to the Delphi 
process), coupled to literature study, data collection 
and individual enquiry as to the present rural situation. 
But in this context the use of a Delphi methodology has 
the function of introducing method, and a degree of 
scientific analysis, (under the framework suggested by 
critical rationalism), which would be absent in a purely 
subjective literature survey. Aside from the direct 
building of an alternative model, which would have no
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particular prospect of being any more accurate than 
previous models, and would still require consultation 
with experts on certain aspects, Delphi seems to provide 
one of the only opportunities for drawing together hard 
data and subjective judgement in some meaningful way for 
carrying out the project.

Not only is Delphi a useful method in terms of the 
optimum way of achieving specified aims, but the very 
fact that it has not been used in this context before 
makes it of value, both in terms of producing new 
perspectives on the field, and as a spin-off effect, 
possibly providing panelists themselves with useful new 
perspectives and contacts in different specialisms, and 
allowing them to participate in an interdisciplinary 
communication which takes them outside of the 
restrictions of their own field.

Where changes are likely to occur, not just as 
economic trends, but as basic alterations in forms of 
society and ways of thinking, then Delphi becomes a less 
pedantic and potentially more sensitive method than 
subjective model construction, in as much as the range of 
People concerned ought to be able to create a wide range 
°f alternatives for consideration, based on changes in 
most aspects of society.

Thus as an adjunct to and development of the hard 
data collection and literature review side of the 
Project, Delphi provides a useful means of achieving a 
creative and scientifically valid integration, with the
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aim of forecasting elements of rural energy which rely on 
many other factors in society for their determination.

3.2.6. The De1phi Methodology Used in the Research-

3.2.6.1. Introduction-

Although there are few hard and fast rules as to 
Delphi methodology and format, various suggestions can be 
made as to the correct way of going about design. The 
essentially multi-stage nature of the process 
necessitates careful processing and structured 
interaction beween participants, and methods for 
achieving this are discussed below under the headings; 
panel choice, approach and questionnaire design, 
organising interaction, interpretation, and communication 
of results.

3.2.6.2. Panel Choice-

The construction of a panel can take various forms. 
In such areas as technological forecasting it may consist 
merely in the identification of all available experts 
within a specialism, whereas options are more varied in 
the wider, policy type Delphi. Interdisciplinary panels 
might be chosen to give any weighting to experts in
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particular categories, forming a single panel or, as 
suggested by Ludlow (65) , several panels receiving 
different information and being asked to contribute in 
different ways, depending on their specialism, (a method 
which, though perhaps of practical value, rather goes 
against the interactive philosophy of the process).

Scheele (66) , suggests that three types of panelist 
exist, the stakeholders, who are likely to be directly 
affected by policy decision, the experts, who have 
experience and knowledge in specific parts of the field, 
and the facilitators, who have skills in organising, 
clarifying and suggesting thought, as well as perhaps 
individuals who might offer a different and perhaps 
contentious global overview. The balance of the panel 
between these various groups ought to vary, suggests 
Scheele, depending on the nature of the problem, 
(although interdisciplinary problems are likely to 
require a preponderance of experts, due to the number of 
specialisms involved). For instance, where the opinions 
are clear but the direction of action is not, then 
stakeholders might predominate, where it is clear who 
must act but not how, experts predominate, whilst 
facilitators might increase with the problem's 
complexity. However, the balance of the panel ought not 
to be of ultimate importance, since statistical 
procedures have been shown not to work in the Delphi 
context, and minority opinion may be just as valid as 
that of the majority.
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Panels might be chosen by an individual, a monitor 
group, or by a small panel created for this purpose, but 
however they are selected, the important thing is that 
the option chosen should be the correct one for obtaining 
the type of result which is required, and generating the 
most productive discussion.

It is probably advisable to keep anonymity intact as 
regards individual responses, to avoid certain members of 
the panel predominating, though of course it must be 
obvious to the monitor who is responsible for certain 
comments and ideas. 'One dimensionality* is suggested by 
Scheele as a problem of too narrow a panel, though it is 
also likely that certain panelists will not behave as 
expected, perhaps not aligning themselves with their 
allotted group, and thinking from a different perspective 
than expected. This has its advantages from the point of 
view of creating more ideas,but can also be a problem, in
as much as a panelist chosen, say, for expertise in rural
sociology, who chooses to expound on the state of
renewables technology, though his ideas may be
interesting , his status as an expert is limited in this
case, and the exercise becomes a sort of public opinion 
poll of academics.

Obviously it is necessary to avoid all of the above 
stereotypic forms of interaction, and to select panelists 
carefully to ensure that the desired type of 
communication is achieved, and discussion, whatever its 
end result, at least provides a balance in dealing with
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issues which are thought to be appropriate

3,2« 6,3. Approach and Questionnaire Design-

It is important in designing the survey, and 
particularly the initial round, not only to be able to 
generate some response from panelists, (which is a 
considerable problem, since no-one likes 
'questionnaires', an image to be avoided in survey 
design, and academics and other 'experts', perhaps more 
than other categories of people, are likely to ignore 
such correspondence as they do not feel to be 
worthwhile), but also to ensure a quality response of the 
type required. There is little of a general nature to be 
said of questionnaire design, except the obvious 
statement that it should not appear too much like a 
questionnaire, that participants should not feel either 
patronised or bored, and that material should make it 
clear, without appearing to dictate, what kind of 
response is desired. Although the anonymity of panelists 
and their comments should be preserved, an initial list 
of participants, if reasonably impressive, might persuade 
individuals of the value of the exercise.

In terms of content, Scheele suggests either putting 
forward a 'reality construct' based on specifics, to 
focus the mind onto a real-life situation and stimulate 
thought on it, then later generalising from the results
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of the specific, yet imaginary situation; or creating 
highly hypothetical and 'fanciful' situations to force 
panelists to think differently or laterally, and allow 
those of very different persuasions about the real world 
to begin to collaborate. In either case the discussion 
works from the specific case to greater generalisations, 
and whilst this is not the only option, it would appear 
to contain certain considerable advantages. Although 
this approach brings with it the difficulty of extracting 
generalisable propositions from specific instances, it is 
probably better than trying to indulge in 'abstract 
speculation' and hoping to generate useful results.

Whilst problem-solving directly is better done at 
the specific level, there can be no harm in exploring the 
extent of ideas by creating generalisations of the 'what 
if nature, such as....

"What other circumstances do you know or can 
you imagine might prevail, and for each of 
these would the propositions (given or created) 
be valid". (67)

This might be asked of a particular situation to 
ascertain its ability to be generalised, to try and make 
panelists think more widely, and to criticise specific 
propositions.

The design of the survey ought to be concerned with 
exploring the issues at stake under the following broad 
and flexible heads....

... .1.Formulating issues, which ones should be 
under consideration and how should they be 
stated.
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2. Exposing options, what are the real 
policy options available?

3. Finding out panelists initial position 
on the issues, which ones do everybody agree 
on, which are unimportant, and which generate 
the most disagreement?

4. Exploring and obtaining the reasons for 
disagreement, what are the underlying 
assumptions being used by panelists?

5. Evaluating the underlying reasons, how 
good are each of the arguments?

6. Re-evaluating the options based on the 
views of the underlying 'evidence', and its 
relevance to each position taken. (68)

Under such a framework 5 or 6 rounds could easily be 
generated, but in practice this can be reduced to, say, 
three, by devoting some time to formulating the issues 
before the first round, suggesting initial options whilst 
allowing panelists to add to the list, and asking both 
for positions and underlying assumptions in the first 
round.

Thus, although no hard and fast rules have been laid 
down, some of the dangers, and advisable courses of 
action, in designing a Delphi survey, become apparent, 
and the design of a specific methodology can proceed from 
this point.
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3« 2« 6.4. Organising Interaction-

In a situation where individuals are being asked to 
participate in a survey due to their supposed unique 
expertise, there is an obvious danger of alienation if 
any tendency is shown to ignore the responses of a 
panelist, however trite they may be. Conversely, the 
inclusion in feedback of too many irrelevant responses 
can make the process quite meaningless through the loss 
of central lines of thought and the cluttering up of the 
survey with trivia. Treading the line between these two 
extremes provides a psychological difficulty to add to 
the difficulties of providing scientifically valid and 
useful results.

Detail must be paid attention to, both for useful 
small-scale ideas, and to allow each panelist to feel 
that at least one of his comments has been used in 
feedback. However the most important function is to 
Provide feed-back of overall movements and other 
macro-scale observations, such as best reflect what is 
going on and the types of result desired. Aside from 
mere feedback, and the highlighting of convergences and 
divergences, new ideas and leading suggestions can be 
introduced at any stage, as well as anomalies and 
ambiguous factors to draw people away from particularly 
narrow lines of reasoning. Constraints can also be 
stipulated if necessary to focus discussion in the right 
areas.
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3.2.6.5. Interpretation and Communication of Results-

Complete records of eventual responses are likely to 
be difficult to use constructively due to their size and 
the number of irrelevant items, so that interpretation 
and paring down must start early on, if the overall 
'reality' that has been produced is to be captured in the 
results.

It is also valuable to communicate results to 
panelists, not merely during the stages of the Delphi, 
but also at the end results stage, to further encourage 
feelings of involvement, and in the hope that such 
results might be of some interest, or even use, to the 
participants.

3»2,6.6. Conclusions On Principles of Methodology-

Figure 3.10. presents a suggested flow diagram of 
the way in which the Delphi methodology is likely to 
develop. Whilst it gives no details of such things as 
questionnaire form and the like, it tries to show the 
outline of methodology as discussed above, and provide 
guidelines as to the actual design in section 3.2.8.
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Much of the information given in this section has 
been concerned with very broad guidelines for the design 
of Delphis, but it is not until the specifics of what 
precisely is required from the survey have been worked 
out that such broad guidelines can be translated into the 
specifics of questionnaire design.

3.2.7. Formulating the Issues-

The basic hypothesis for the research, as generated 
in previous sections, is that there exists considerable 
potential for a greater degree of rural energy autonomy, 
especially through the medium of increasing integration 
between agricultural/forestry and domestic sectors. The 
hypothesis is based on the desirability of moves in that 
direction, given the likelihood of a low growth future, 
with continuing movement of new classes into the 
countryside, the withdrawal of the state from many areas 
°f its past concern, and the growth of the 'household 
economy'.

Testing of this hypothesis involves the choice of 
rural areas, not designed to cover the whole spectrum of 
what can be defined as 'rurality', but concentrating on 
areas that are 'indisputably rural', thus omitting many 
°f the more urban functions of some areas and focussing 
°h the basics of rurality, with the hope of being able to 
extrapolate to other areas later.
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Within this framework of inquiry, there are three 
areas to which a Delphi panel might be able to contribute 
usefully; the criticism and amendment of suggested 
futures to produce a more scientifically valid assessment 
of likelihoods; the contribution, criticism and 
refinement of ideas designed to increase rural energy 
autonomy; and, perhaps to a lesser extent, the criticism 
of the whole research methodology itself.

The first round of the survey ought to be able to 
amalgamate the two major functions to some extent, and 
speed the process along somewhat by leading suggestions 
and some form of listing of the possibilities. This 
involves both a full list of possible energy saving and 
integration ideas, with ranking systems for an assessment 
of their likelihood and desirability, and the 
postulation, in quite detailed terms, of a future model 
for criticism. The suggestion that diagramatic 
extensions of the method into catastrophe theory should 
be carried out was dropped due to the danger of putting 
off panelists by adding too many alternative scenarios to 
an already bulky questionnaire.

Subsequent rounds should make use of the feedback to 
open up new ideas to criticism, terminating in a 
consensus based 'most likely future', and a list of the 
most useful possibilities for energy autonomy, together 
wfth an assessment of total potential and the policy 
roeasures needed to achieve it.
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Obviously, the panel needed for such a survey must 
be an interdisciplinary one, the choice of which is 
discussed in the next section.

3.2.8. Designing a Delphi Survey-

3.2.8.1. The Choice of a Panel-

Since the study looks in detail, to some extent, at 
all aspects of rural areas, the panel needs to be able to 
cover a lot of different specialisms in order to be 
comprehensive, and since it is broad economic futures 
which are at stake, the broad-based social scientist must 
be included to capture the total view, and particularly 
to criticise total futures.

Panelists, for the sake of argument, can be divided 
into five broad categories; rural specialists, energy 
specialists, rural 'generalists', energy 'generalists', 
and 'others'.

Within the category of rural specialists ought to be 
chosen forestry experts and agriculturalists, (with the 
greater emphasis on the latter), and perhaps certain 
People with practical expertise in rural policy, such as 
housing. Agriculturalists, the largest segment of this 
9r°up, should not be merely academics, (chosen for their 
knowledge of a wide range of different agricultures, but 
should include, perhaps, those with responsibility for

208



running a large estate, and for balance, perhaps some 
smaller farmers. It would also be advantageous to 
include agricultural policy makers, such as individuals 
from the Ministry of Agriculture, Fisheries and Food 
(M.A.F.F.), Department of Agriculture and Fisheries 
Scotland (D.A.F.S.), and those involved with the Common 
Agricultural Policy (C.A.P.).

Others in this grouping include ground workers for 
the H.I.D.B. on their cooperatives programme perhaps, 
and those responsible for administering the Western Isles
I.D.P.

Whether there really are many branches of energy
specialism which are particular to rural areas is
debatable, yet the assumption is generally made that they
should include renewables technology experts above all
other. To some extent this is probably valid, and
representatives were chosen from each of the energy
sources wind, hydro, biomass and biogas, passive, active
and photovoltaic solar systems. Experts in other fields
included representatives of the North of Scotland Hydro

*

Electric Board (N.S.H.E.B.), the National Coal Board (now 
British Coal) and the like, and academics in other areas 
°f energy. Additionally, those with expertise on the 
energy use side, particularly in buildings, but also as 
regards other conventional technology, were included.
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The category rural generalists included rural 
sociologists, economists and planners, both academics and 
practitioners in the field, particularly those who have 
some concern with futures. The choice was made bearing 
in mind the desire for variety and originality of 
thinking, in precedence over the eminence of the 
individual. Strong regional differences were likely to 
exist in this section, so that care was taken to reflect 
the correct balance, by choosing most panelists for- 
having a background in the less favoured areas of 
Britain, but with one or two having knowledge in other 
areas. (including the Third World).

The energy generalist category consisted of energy 
planners and writers of different persuasions, from 
different parts of the world, and energy forecasters, who 
are likely to exhibit an extremely wide range of opinion. 
Since, outside the specifically rural sphere, countless 
energy experts could be identified with different 
“utlooks and foci of interest, the criteria for choice 
here were broadmindedness, far-sightedness (in terms of 
willingness to look to the future, rather than the 
tendency to get it right), and width of field.

The nondescript term 'others1, hides two groups in 
Particular of great importance, those whose own field 
fits in closely with the totality of the present project,

social scientists who have studied energy use and 
energy futures in rural areas, and the generalist future 
f°recasters who have not concentrated specifically on
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rural areas, but who have studied economic and social 
futures on a national and global scale.

It was not thought to be appropriate to include 
those other rural experts, the ordinary inhabitants of 
the areas, on the Delphi panel, but a comparison of their 
responses with those of the 'experts' might be 
interesting, if carried out in the context of the local 
level survey.

The number of broad specialisms listed in the above 
5 categories amounts to some 35 different fields. 
Multiplying this number by a suitable amount to achieve a 
balance over each of these fields would involve a panel 
of unmanageable proportions, whilst allowing for a 
certain drop-out rate would increase this size even more. 
Therefore, the choice of panelists must rely on their 
broadness and ability to fit into more than one category.

Optimum numbers for a survey of this kind are 
different to gauge, but being able to process replies and 
9ive meaningful feedback from each participant probably 
reduces the effective number to about 50, in spite of the 
broad range of fields covered. This number was thought 
to need expanding by some 100 percent to cover for 
non-response, and to ensure that all specialisms were 
still represented in a reduced number of responses.

Lists of first, second and third round panelists are 
deluded in Appendix 2.
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3.2.8.2. Survey Round One-

The first round of the survey presentation can 
conveniently be split into three main sections; an 
explanation of its contents and intent, a fairly detailed 
future model, and a list of issues designed to stimulate 
thinking on energy integration.

An opening letter made clear the purpose of the 
research, including the major hypothesis, the persons 
involved, sponsorship, the current stage of the project, 
the general purpose of Delphi, the reasons for its use in 
this particular case, the exact methodology being used, 
the make-up of the panel (with a full list of names 
appended), and a statement of the contents of round one 
and how the panelist should deal with it.

Next, a suggested future was mapped out in full, 
postulating long-term low growth with low employment, a 
new egocentric capitalism with a return to a 'survival' 
mentality, the withdrawal of the state from many of its 
Past concerns, coupled, to the growth of a 'household 
economy', and in rural areas, particularly with the 
growth of information technology, an increasing number of 
n°n-rural incomers to more and more remote areas.

This forecast was then opened up to criticism by 
itemising each of its elements and asking for assessments 

Probabilities against some timescale, as well as 
asking for alternative suggestions and general comments
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on other likely futures under particular categories.

A list of ideas for creating a greater degree of 
rural energy autonomy was then stated, such as, 'the 
growth of the use of small-scale biogas plants, 
increasing insulation standards, use of straw-burning 
stoves' etcetera, which were to be ranked in terms of 
importance and had probabilities placed against them, 
together with space for comment and the suggestion of 
other ideas which were thought to be of importance. Such 
an assessment can be carried out assuming, initially, the 
truth of the assumptions in the initial forecast.

All three rounds of the Delphi questionnaire are 
included as Appendix 3 together with the introductory 
letters which were included.

3.2.8^3. Interpretation and Communication-

A system such as The Statistical Package for the 
Social Sciences (S.P.S.S.) could be employed to process 
some of the results of the Delphi survey, but the 
creative enquiry nature of the process means that ideas 
are being asked for, and responses tend not to be in a 
form which can easily be transferred into a data file, 
(indeed it is undesirable that they should be).
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Figure 3.10. DIAGRAM OF A THREE ROUND DELPHI SURVEY (69)
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Processing was therefore manual, and consisted more 
in picking out ideas of interest and forceful arguments 
than in statistical techniques. The nature of Delphi as 
a conferencing procedure means that no mathematical 
techniques are really necessary.

The methodology developed here is not the only 
strategy which could be employed, but it seemed to fit in 
well with the intent of the study, and served the purpose 
of refining and generating new most likely futures for 
rural energy use, identifying the most promising 
possibilities for increasing autonomy, and producing 
suggested policy measures for bringing about the 
necessary changes. Section 9 ties the results of the 
postal Delphi survey to the results obtained from the 
local level, door-to-door survey of rural areas.

_3.3. Processing the Delphi Surveys-

3.3.1. The First Round-

The first round of the Delphi survey, with a 
scenario itemised into statements for agreement or 
disagreement, and a series of options listed for rural 
energy production and use, was distributed to some 100 
Panelists. (See Appendix 3)
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Response rate was slow however, and the final 
response after written and telephone reminders remained 
at only 25. (Appendix 2 shows the revised list of
panelists). This low response rate is by no means
unusual for a postal survey, and although it was hoped 
that the specialist interest of individuals would
encourage a greater response rate, the length of the 
questionnaire probably put off many of the panelists.
The 25 responses still represented a wide range of 
opinions, and although the representatives of each 
specialist group were limited, they cut across all 
sampled specialisms, and no particular correlation could 
be found between individuals' views and their specialism. 
In the context of the non-statistical Delphi procedure, 
the successful sample represents a valid collection of 
the opinions of informed individuals. (‘Vo ipr rv»:x ? f )

Processing the results of this first round using the 
S. P. S. S.̂ 7 ̂ programme was attempted, ranking the confidence 
°f individuals in particular scenario statements and 
recording them on a data file. The method gave no means 
°f recording new ideas and positive contributions, and 
thus cannot really help the the creative nature of the 
Delphi process. The computerised data was only teally 
useful in assessing consistent differences and 
similarities between individuals in their assessment of 

tanked ideas for energy saving and use, and in 
crosstabulating responses against specialism to check for 
obvious biasses relating to background and training. 
Since both of these avenues proved relatively unfruitful,
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the computer processing methodology for the Delphi survey 
was abandoned in subsequent rounds.

Points made in the scenario were assembled on a 
large flow diagram, and all the comments made by 
respondents were transferred in detail to this diagram. 
Since the process is not statistical and, if at all 
possible, a 'majority verdict' should not be accepted, it 
is important to aim for consensus rather than compromise, 
and the scenario must be changed to reflect the views of 
all panelists.

It was found that, for the most part, reasons for
disagreement between respondents could be at least
partially explained by problems of definition,
misunderstanding and talking at cross purposes, and that 
clearer definition and further explanation could often 
resolve these differences. The scenario was altered to 
reflect the views of respondents, and even if only one 
person expressed a new opinion or a disagreement, the 
second round documentation reflected that opinion.

The amended scenario was thus compiled, the 
additions from respondents making it considerably longer 
than the first round. In an attempt to make completion 
°f the responses a less onerous task, splitting the 
scenario into discrete points for comment was abandoned, 
and it was written in a prose form in continuous 
Paragraphs, leaving space for comment at the side. This 
allowed comment on any matter with which the panelist 
mi-9ht disagree, without seeming to force a response on
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each issue.

The section on 'rural energy options 
somewhat to include only those items 
confidence had been shown by respondents.

' was reduced 
in which some
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3.3.2. The Second Round-

The round two response rate was further reduced from 
25 to 18, even after further postal and telephone 
reminders.

Processing in this round closely followed the 
procedure used in round one processing, abandoning 
computer methods for manual ones. The justification for 
the accuracy of this type of processing lies in its 
ability to produce agreement amongst respondents, and no 
further 'statistical truth' is necessary.

Again consensus, rather than compromise was sought, 
but where this was not successful, two different 
approaches to resolving conflicts were followed in the 
third round. In some cases dissenting opinions, where 
only expressed by one individual, were recorded 
separately within the scenario, as written by 
respondents. In other cases, questions were asked or 
alternative scenarios proposed, which covered or tried to 
explain the different views prevalent, in an attempt to 
clear up reasons for disagreement.

It is in its ability to search for reasons for 
disagreement that the strength of the Delphi method lies, 
and where these reasons are not clear, or where they are 
Very fundamental and tied to the ideology of the 
individual, conflict resolution becomes difficult. It is 
har<3 to avoid the temptation to construct a future
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scenario based on ones own preferences, and it is obvious 
that this desire to disseminate their own views on what 
should, rather than what is likely to happen, colours 
many respondents comments. Be they pessimistic or 
optimistic, they still tend to put forward their own 
views on present political issues by projecting these 
views into the future.

3.3.3. The Third Round-

For round three, energy options were reduced to 
written statements of the importance of energy saving and 
production possibilities under broad category headings.

Response rate for the third round of the survey was 
further reduced to 15, though a reasonable cross-section 
°f specialisms was still retained. (See appendix 2 for 
the final list of panelists).

Although points of disagreement were almost as many 
for the third round as for the first, they tended to 
concentrate on the smaller detail, rather than on the 
basic form of the suggested future, on which agreement is 
n°w quite strong. The processing methodology was the 
same in this round as in the previous round, and the 
final scenario, adapted from third round responses, is 
rec°rded in section 3.4.
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During the course of the survey, several panelists 
wrote to express their dislike of the method, their major 
disagreement seeming to rest on the apparent elitism of a 
method which uses a subjectively selected panel of 
'experts'. This problem has already been discussed in 
section 3.2.3., and although their reservations are 
shared by the researcher in some measure, it would seem 
that any rational discussion of the future is valid, and 
as long as it is not suggested that the final scenario is 
infallible, it seems a useful contribution to modelling 
the future shape of rural areas.

_3.4. Final Delphi Scenario- 

_3.4.1._ Introduction-

The system used for the presentation of the 
following scenario is that the scenario itself is 
indented and at single space, comment is at double space, 
and quotes from respondents in parenthesis.

Although it was initially proposed to be able to 
include alternative scenarios based on the occurence of 
major, catastrophic events, the scenarios in the three 
rounds were rather long as they stood, and any 
duplication of issues would have made the questionnaires 
Prohibitively time consuming to answer. Therefore the 
ihitial assumption that no world war, (or other major war 
involving the developed nations), occurs, remains, having
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been recieved with a high degree of confidence by 
respondents.

3.4.2. International-

The assumption is made that no world war, 
(or other major war involving the developed 
nations), occurs.

World economic growth averages around 
2%/annum, (being generally higher in developing 
than developed countries, though with 
considerable national differences) , and drops 
slightly after 2010. Around the same time 
population growth slows down in most developing 
countries as the long delayed result of 
cultural adaptation to rising life expectancy 
and lower infant mortality.The problems caused 
by low growth are offset from time to time in 
some countries, (depending on their internal 
politics and external influences current at the 
time from the major powers), by wealth 
redistribution. Where this is achieved for as 
long as a-generation, low growth 'problems' are 
diminished by lowered expectations. Yet 
starvation and malnutrition grow as problems 
throughout the period. Lack of fuelwood 
continues to add to problems of desertification 
in many of these areas. The diffusion of new 
technologies remains selective by area and 
class, and they solve few of the problems of 
the poorest countries. Growth begins to be 
replaced in public attitudes, and ultimately in 
some governments' policies, in terms of 
desirable activities in the solving of 
problems, whilst maximising gross national 
products begins to lower in relative 
importance.

South-east Asia, and to a lesser extent 
China, can be defined as part of the 'first 
world' within 50 years, and the first world 
countries still dominate world trade and the 
economies of the poorer countries. Latin 
American countries, whilst in many cases 
retaining the manufacturing industry, are by 
and large unable to find the political 
stability to join the first world due to 
factors which include the continued patriarchal 
role of the United States. Africa in 
particular shows little general improvement in 
living conditions for its populace. Although

/
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much of the more traditional, lower technology 
manufacturing, requiring lower levels of 
quality control, resides in Third World 
countries due to the cheapness of labour, 
whilst more sophisticated new manufacturing, as 
well as new service industries such as software 
production, remain within the first world.

Following initial slump, real energy price 
increases of 2%/annum, still led by oil prices, 
are somewhat obscured by continuing 
fluctuations caused by political infighting. 
Prices begin to rise at 5%/annum soon before 
2010. There is little or no subsidising of oil 
prices by individual countries, and most 
countries respond to rising prices by some form 
of legislative encouragement of energy 
conservation.

Coal liquefaction becomes an important 
source of high grade energy by the end of the 
period, whilst other oil substitutes such as 
Third World produced alcohol, though locally 
important in countries such as Brazil, with 
large land areas and low populations, are not 
significant energy sources internationally.

New oil finds are still used for 
non-substitutable purposes by the end of the 
period, whilst electric vehicles have only 
limited impact since there are only a series of 
small improvements, rather than breakthroughs, 
in battery storage technology.

3.4.3. Europe-

The effects of the E.E.C. grow more far 
reaching and important to individuals within 
member countries, yet the additional powers 
accorded to the E.E.C. are not so far reaching 
as to give it greater authority than individual 
member states over the lives of their citizens.

However, recent growing nationalistic 
trends, as exhibitted both by accepted 
political parties such as Plaid Cymru and the
S.N.P. and by more controversial bodies such 
as the I.R.A. and Basque Separatists, do not 
abate, and Europe is not a harmonious, benign 
entity, but one forced to become more important 
as a prerequisite of self preservation against 
other power blocks, in spite of opposition from 
many small, largely peripheral areas. Third 
world attitudes to Europe are mixed, with
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increasing hostility against those countries 
which are seen as being closely allied to the 
U.S.A., but less hostility against Europe as a 
group of nations, due to the influence of 
Greece, Spain and Portugal as relatively poor 
countries within the community.

On the International scene, one respondent believed 
that the IRA problem might be solved by the end of the 
period, though giving no details of how this might be 
done. This divergence makes little difference to the 
basic tenor of the scenario, that of troubled, 
nationalistic problems against a background of increasing 
E.E.C. control.

More sweepingly, another respondent criticised the 
international portion of the scenario on the basis that 
it did not sufficiently bring out the linkages between 
international and national issues. In so far as this is 
true, it results from the past need to change points in 
the scenario, including more detailed study of peripheral 
subjects, to achieve agreement amongst respondents. 
Nevertheless, specific points, such as the relationship 
between increased EEC prominence and agricultural 
development, the manufacturing base lying in the third 
world and forms of employment in Britain, and 
international energy prices and energy use in Britain, 
are clear.
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3.4.4. Nationally-

3.4.4.1. General-

After the year 2000, present arguments 
about the problems of unemployment begin to 
lose weight as government and the people begin 
to accept different employment structures. 
Such solutions as job sharing, (a scheme to 
promote which is already being operated by the 
Department of Employment, but with negligible 
success) , short hours working in the home and 
multiple occupations, begin to bridge the gulf 
between the 'employed' and the 'unemployed, and 
to relieve the tedium of long hours in 
repetitive occupations. Moves in this 
direction are encouraged by a shift in major 
union policy away from the protection of 
existing membership and on to job creation. 
'Work hours' per capita are reduced by some 
20%, (taking account of the increased numbers 
of retired people), though such statistics 
become increasingly more difficult to measure, 
with people not merely being employed for a 
wage, but doing work for payment in kind, or 
work the value of which can only be measured in 
terms of the 'savings it generates to the 
individual.

Dissent arises from three respondents on this 
employment issue. One argues from the point of view that 
there is much to be done in the world, (mainly the third 
w°rld) , and that full employment must therefore result. 
This argument displays well the tendency of respondents 

argue from the point of view of desirability, 
betraying their own political views. It is difficult to 
imagine that this panelist believes that the surplus of 
labour in Britain will all be emptyed on third world 
development programmes.
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Of the other two dissenters, one states that unless 
the unemployed become much more numerous and vocal; 
"these desirable changes are unlikely to occur, given the 
interests of 'capital' in opposing them." The other 
states that demographic effects may prevent unemployment; 
"reaching such a disastrous level".

Taking the latter point first, the scenario clearly 
states that unemployment, as such, does not grow, and 
indeed it is the very 'demographic changes' spoken of, in 
the form of an inevitable ageing of the population 
structure, that will help to work towards the 20% 
reduction in working hours per capita.

The former objection is rather more serious, 
particularly as regards the power of the unemployed to 
effect change, in isolation as they are from both money 
and the unions, and it may only be my own particular 
Political ideology that encourages my belief in the 
inevitability of such changes. It is difficult to 
envisage 50 years of massive employment without some such 
redistribution of work and capital.

Thus does 'self-reliance' become 
increasingly more important, not so much in 
terms of total personal or family autonomy in 
such matters as food supply, but by the 
replacement of some specialist wage labour by 
'DIY' work at home. Such fields as 
cheap,recycled components in vehicle 
maintenance, and the growth of occupant labour 
in house construction and repair, are able to 
replace an additional 10% of wage labour.

This present trend coexists with the 
current tendency to accept technologies which 
are impervious to 'DIY' (such as the 
microchip), and is indeed fueled somewhat by
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continuing specialisation in other sectors of 
the economy. This creates a dual economy of 
increasing 1 DIY' on the one hand and 
unapproachable high technology on the other.

These changes in the structure of the 
labour market affect the validity of 
conventional left-wing politics, and the Labour 
Party continues to become more centrist to 
retain support. The Conservative party moves 
only slightly away from the extremes of 
laissez-faire capitalism, and the Liberal/SDP 
parties, though gaining support and becoming a 
more significant force in parliament, never 
gain the status of being the main opposition 
party. Green party politics grows as a 
minority force throughout the period.

"I dont think centrism is the answer for the Labour 
Party, rather a radical decentralised approach to 
social ism".

The State continually withdraws from many 
areas of its present concern, particularly 
service provision which requires State finance, 
though without relinquishing control over these 
areas. Privatisation of Publicly owned 
industry continues, though support for the 
Welfare State halts the privatisation of these 
social welfare activities. The effects of an 
ageing population and changing employment 
structures mean that pensions are one area of 
growth in public finance.

"This may be only, temporary as the contradiction 
between service in the general sense and private 
motivation to provide them becomes more clearly 
perceived. Unless a complete restructuring away from 
Profit takes place (unlikely although desirable)".

These last two dissenting opinions come from the 
same respondent, and do appear to represent preferred 
Political solutions, without pretending to be the most
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likely future reality.

'Leisure' grows in importance, though its 
definition becomes much changed to include the 
self-financing activities of many people, and 
the boundaries between work and leisure become 
increasingly blurred. Leisure facilities are 
provided more by private than by public funds. 
Service industries, including non-manufacturing 
industries such as computer software 
development, continue to grow in importance 
compared to manufacturing in the U.K.

Pressured by low economic growth and low 
employment levels, the concept of 'family' 
becomes increasingly important, and 
independence from the extended family becomes 
increasingly difficult, though a smaller 
'counter-culture' of non blood-related groups 
grows up to counteract this trend slightly. 
More and more of economic life becomes based on 
these individual family units.

A basic problem arose in dealing with U.K.
economics and employment, since respondents disagreed
fundamentally on the issue of whether economic growth was
a basic necessity in any society, or whether stability,
rather than stagnation, could be achieved without it. In
an attempt to clear up this difficulty, the following
argument was included in round three;-

Comment- On the question of the necessity for 
economic growth, most respondents see no 
absolute need. Of those who perceive growth as 
a necessity, most assert that human beings need 
to better themselves continually, and that this 
includes economic advances, and thus infer that 
society as a unit also needs this. My personal 
view is that it is wrong to see society as if 
it were an individual, for it is obviously a 
group of individuals, each of whom can, due to 
the mortality of other individuals, become 
progressively better off economically 
throughout his life, even in a no growth 
situation. Indeed if one's income from school 
leaving age to retirement increased only at the 
same rate as the G.N.P., one would certainly be 
considered to be an economic failure. Though 
the cultural attachment to individual
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betterment is a strong one, I imagine that 
attachment to collective betterment is rather 
less deeply rooted. Please comment.

There were only three dissenting opinions to this 
argument, as follows;

"Still need economic growth, because people in every 
age group and at every economic level want it".

Due to the fact that no more rounds of the Delphi 
survey can be carried out, it is necessary to be somewhat 
heavy handed here, and argue the case without giving the 
right to reply. This first statement, though undoubtedly 
true in so far as the desire for increased income cuts 
across all age and social groups, does not seem to 
interfere with the stated principle that such betterment 
can occur in a no-growth situation. The same would 
appear to apply to the second objection;

"Surely some people's real income does decline 
during their lifetime, betterment often comes from the 
informal sector or moonlighting, petty crime etc.".

Again, both the basic statements in this comment are 
true, and again they do not necessarily interfere with 
the principle of the argument, for as the respondent 
seems to accept, it is social organisation, rather than 
economic growth, that dictates which individuals may not 
°htain betterment, and the individuals described exist in 

societies regardless of economic growth.

229



The third note of dissent was;

"I disagree, betterment can only be gained 
collectively, regardless of individual performance".

This is rather more difficult to answer. Since 
betterment can obviously accrue to an individual, this 
respondent presumably means that betterment can only be 
brought about by collective effort in an organised 
society. Whilst this is undoubtedly true, I would still 
argue that people attach more importance to their own 
betterment than to that of a group, be that group a 
village, a factory or a nation. Since the argument is 
that all, or most of the individuals in a nation can 
improve their incomes over their lifetimes, without 
necessarily increasing G.N.P., given a steady population, 
the fact that this income is derived from an organised 
effort of society seems irrelevant.

hAx.î .h. U «K* Enerjjy-

The use of coal increases throughout the 
period, whilst the use of oil for heating, and 
to a lesser extent transport, but not 
petrochemicals, drops. North Sea oil 
production peaks before 2010, reducing to 
almost nil by 2044, leaving some very small 
operations to the west of Shetland as the only 
U.K. production. The rise in coal use is most 
dramatic after 2020, encouraged by the 
perfection and common use of coal liquefaction 
techniques, as other sources of oil dry up, and
oil is only consumed for highly specialised
uses by 2044.

Questions on nuclear power were altered in the third
r°und as a response to the Chernobyl accident, and the
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following alternative scenarios were included;

Please state which of the following three 
scenarios for nuclear power seems the most 
likely, giving your reasons briefly-

1. Continued conservative politics means 
a relatively large share of the market for 
nuclear power, particularly fast breeder 
reactors, in the short term.

2. The aftermath of the Chernobyl 
disaster creates such public ill feeling about 
nuclear power that all expansion programmes are 
halted by 1988, the halt is permanent and there 
is no replacement of older plants, which are 
run down more quickly than previously planned.

3. Rising cancer statistics in parts of 
Europe around 2000 are attributed to nuclear 
accidents such as Chernobyl, and the European 
nuclear industry runs down from this point.

Additionally, a scenario based on the results of the 
Preceding rounds was included;

Fusion does not become commercial by 2034, 
though there is still much expenditure on its 
development, whilst with uranium reserves 
finite and becoming very expensive, fission is 
not seen as a permanent solution by anyone. 
Nuclear fission peaks as a power source around 
2015, at a peak capacity of 20GW , and 
thereafter begins to run down, with the only 
new development being the replacement of some 
older plants.

However, comments were so varied and contradictory
as to make consensus impossible within the confines of
the survey method. Perhaps it is the very uncertainty
over the future of this fuel source that encourages
entrenched positions on both sides. A list of scenarios 
Su9gested by respondents is included below;
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"The problems and costs of ’safe' nuclear power rule 
it out eventually".

"Labour stop expansion whilst in power".

"Halt, but not a permanent one, research and 
development continue, the issue is whether they will 
achieve enough to restart".

"Although there are rising cancer statistics, still 
carry on building programme".

"Continue building programme, cancers due to 
Chernobyl undetectable against background".

"Price of uranium, presently low, drops further as 
some countries move out of nuclear power, restricting 
demand. Continued building programme".

"By 2010, uranium will be priced by its energy 
content, and therefore will be expensive".

"Nuclear fission peaks before 2015".

"Nuclear fission peaks after 2015".

These responses range from; nuclear power can never 
be viable, to; nuclear power viability is inevitable; 
snd contain a wide variety of political viewpoints. In a 
three round survey it has proved impossible to debate the 
Nuclear issue any further than this, and the situation 
remains one of conflict of opinion. The future balance 
of thermal and nuclear fission power generation remains 
cloudy, and based really on no more than a single
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postulated political decision, though there is strong 
negative opinion on the ability of fusion power to prove 
successful.

Conventional thermal electricity 
generation becomes slightly more efficient 
throughout the 50 year period, reaching 40% 
efficiency, with the help of combined cycle 
gasification, for the actual generation, (not 
counting transmission losses). Combined Heat 
and Power scheme development in limited urban 
areas, takes the overall average efficiency of 
primary fuel use in thermal power stations up 
to 45%. Problems of emmisions such as S02, 
lead to expensive means of emission control.

Electricity use rises slowly, though more 
quickly towards the end of the period, with the 
more general introduction of electric vehicles, 
though these are largely restricted to public 
transport. Towards the end of the period, one 
large tidal power scheme is built.

In terms of renewables, breakthroughs in 
photovoltaic cell manufacture make it a very 
important source of energy worldwide after 
2020, particularly in underdeveloped tropical 
and subtropical countries, though it also has 
some impact in the U.K.

"Is there any evidence that such a breakthrough may 
happen here rather than in any other area" .

It would seem that the answer to this respondent is 
'yes'. All other renewables rely on more or less 
traditional methods and use quite large amounts of 
material. Though the materials may change, there is 
little reason to expect any lowering of price, except 
that which can be achieved through production in bulk. 
Photovol taies, however, are highly specialised, and use 
e*pensive materials in short supply. There is more room 
f°r technological breakthrough in this relatively new
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technology

Aside from the tidal power scheme and 
existing hydro plants, a few large renewables 
schemes are generating electricity by the end 
of the period, with one large wind farm and a 
large wave energy scheme.

"Not convinced about wind farms".

Most other renewables schemes are 
small-scale however, and largely restricted to 
the more remote areas of Scotland, Wales and 
parts of Northern England, where small-scale 
hydro and wind projects make up some 15% of the 
total elecricity consumed. (Albeit that it is 
hard to assign such percentages when most of 
this power is distributed on a national grid.)

The use of wood as a fuel, increasingly 
through short rotation coppicing etc. also 
grows in these areas.

"Wood is very expensive if the true costs of 
Planting, reaping, cutting etc. are calculated on a 
commercial basis. Without alternative evidence I would 
not support this statement".

Most people's awareness and practice of 
energy conservation grows considerably as 
energy prices continue to rise, (a trend which 
continues, in a perhaps more educated form, the 
present predilection for hard sell tactics by 
double glazing companies etc.) As this trend 
continues and demand for energy saving products 
increases, growth in research and development 
is largely taken up by the private sector, with 
the role of Government funding little different 
from the present. By the end of the period, 
micro-electronic control systems are able to 
save 25% of the energy used for most purposes.
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"Over rates the impact of micro-electronics in 
energy saving, and reflects the fashion of talking about 
the IT revolution and what it can do".

3.4.4.3. U.K. Rural-

'Rural districts', as presently defined by 
the local authority areas, increase their share 
of total population from 23% to around 33% over 
50 years. Only the most isolated of areas see 
any continued depopulation, whilst rural 
inmigration, though affecting areas in the 
South East of England the most, eventually 
affects areas further and further away from 
present centres of population, largely as a 
result of changes in employment structure and 
advances in information technology. This new 
rural population concentrates largely around 
existing village communities and small market 
towns, and housing remains at fairly high 
densities rather than being scattered. The new 
housing development needed for such an influx 
takes some of the impetus away from urban 
renewal. (Obviously by the end of the period, 
this migration has changed the nature of many 
areas so that they can no longer reasonably be 
defined as truly rural).

Though there is attendant friction between 
incomers and the indigenous population, these 
definitions become slowly blurred, and friction 
arises even between the early and late 
'newcomers, although no particularly serious 
problems are caused thereby.

There remains considerable disagreement on the issue 
°f planning control in rural areas, with several people 
believing that the scenario of dismantled general 
Planning control and more emphasis on strict control 
within limited conservation areas is unrealistic. 
Several people suggest that increasing environmental 
awareness is likely to force improved control over land
“se, whilst one cites the example of Conservative
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controlled Shire Counties in encouraging planning 
controls.

It would seem that past and current public
environmental concern, which has been consistently 
growing, has focussed itself to date only on highly 
specific parts of the rural environment, such as nature 
reserves and parts of National Parks. Simultaneously 
with this increase in public environmental awareness has 
come, more recently, a relaxation of planning controls in 
many areas. Passive control of development, as opposed 
to active measures, cannot really be effective unless 
there is a lot of pressure for development. In a low 
growth economy with less development pressure, controls 
tend to be lifted as far as possible, to encourage 
development of almost any site.

Obviously there is a major difference here between 
the situation in fairly remote rural areas, and that 
around major conurbations, where development pressure is 
much higher. The following scenario is therefore 
suggested;

Planning regulations in all rural areas 
become progressively more 'conservative' and 
conservationalist. In more remote rural areas, 
away from the major urban centres, many general 
restrictions are totally removed, and the 
emph asis is more on extreme control within 
well defined areas of varying size, such as the 
conservation of historic buildings, villages 
and nature reserves, rather than on more 
general environmental control. Limited remote 
areas, such as parts of National Parks, retain 
fairly strict planning control. Around major 
urban areas, particularly in the South-East of 
England, more general, stricter planning 
controls remain in force.
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As such planning controls are lifted in 
rural areas, and the need for face-to-face 
communication in business is reduced due to 
advances in information technology, some small, 
high value new industries tend to locate in the 
rural districts, largely on the grounds of 
providing a 'better environment' for employees 
and management. Initially this occurs around 
major centres of population, particularly in 
the South East of England, but eventually most 
areas see some influence from this movement, 
albeit a small one in the more remote areas.

"Face to face communication can only be reduced so 
far before we come up against the limits posed by our own 
humanity".

I would argue that the fact that business 
communication was automated would not necessarily signify 
a faceless world without any human relationships, since 
People would still be living in communities with other 
human beings. The respondents argument suggests that 
some 70% of women, without the benefit of communication 
through employment, have in some way being lacking 
'humanity' for generations.

There is a decline in the level of public 
service provision in relation to the amount of 
private services,. whilst in spite of the large 
influx of population into many areas, there are 
generally few more services provided than at 
present, reflecting new, more individualistic 
attitudes.

Rehabilitation remains a 'fashionable' and 
important sector in rural building for some 
time, particularly in areas where 
'recolonisation' occurs later. This 
predilection for rehab is encouraged both by a 
subjective preference for the old and 
'traditional' in building, and a rational 
return to the advantages of certain vernacular 
building techniques blended with new building 
technology. (Such factors as using smaller 
windows on all but the south face of a
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building, and the adaptation of heavy masonry 
construction to provide Trombe walls being 
particularly important). This trend is helped 
further by changes in building society policy 
which admit to differences in desirability 
between different building types. However, the 
slack is soon taken up in terms of building 
availability, and rehabilitation only becomes 
the most important housing sector in a few 
areas for a short time whilst properties are 
still available.

Historical trends towards higher car 
ownership continue for a while, with cars 
becoming increasingly smaller and more energy 
efficient, eventually at the expense of 
performance, steeply rising oil prices after 
the year 2010, together with gradual 
attitudinal changes which no longer stress 
private transport as an essential status 
symbol, finally halt this growth and bring a 
slow but steady downward trend after 2020. 
Private car ownership is thus slowly replaced 
both by improved forms of information 
technology,including attendant trends such as 
working from home, and by a rural 'mass 
transit' system which is increasingly privately 
or community financed for short distance 
travel, rather than being paid for by public 
money. Such a system makes use of information 
technology to create highly efficient forms of 
car sharing and the flexible timetabling of 
small, probably electric, buses. Subsidised 
publicly financed transport is restricted to a 
minimum skeleton service in those few areas 
where it still remains uneconomic for transit 
systems to be privately run.

3.4.4^4^ U.K. Agriculture-

The most response in the whole scenario was received 
°n the question on the nature of agricultural surplus, 
important in mapping out the whole future of U.K. 
a9riculture, which is reproduced below;

Question- There remains much disagreement 
as regards agriculture, based on total amounts 
of U.K. food production. Many respondents 
argue, on the basis of surpluses of certain
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foods, that Britain produces a food surplus, 
and that we should be cutting back on 
agricultural production, even in the long term, 
at the same time saying that Third World 
countries should not rely on food imports, 
(even, in some cases, if they have the 
industrial wherewithal to pay for them). 
Others argue from the basis that agricultural 
production must be maximised to meet future 
world shortfalls, presumably aiming at a 
position where the U.K. produces enough 'gross 
food value' to feed itself. This issue colours 
people's reactions to all other agricultural 
parts of the scenario, please comment.

All the comments on this question are recorded 
below. Two respondents hit on a part of the problem when 
they criticised the question on the grounds that it 
sought to elicit what should, rather than what would, 
happen. Some respondents put down their own most likely 
scenario, whilst others were perhaps influenced by what 
they thought was the moral position.

However it is clear that only two people believe 
that U.K. food production will drop in the long term. 
Most believe that a rationalisation of CAP will lead to 
the same or greater production, but of a wider range of 
commodities. Only one person believes that long term 
food aid is likely, due to public opinion affecting the 
m°ral stance of governments. (Conversely, another 
respondent believed that growing public opinion on the 
e*cessive cost of agricultural support policies will lead 
to a withdrawal of support and hence a lowering of food 
Production. This suggested direction of public opinion 
d°es rather seem to go against observed current trends).
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Much more work would have to be done to resolve 
these conflicts, since differences appear to arise partly 
from both differences between practical/economic and 
moral stances, and differences in specialism leading to 
differences in perceptions of public opinion on land use 
issues.

It seems likely however, that agricultural changes 
will be relatively minor, and that policy changes, 
particularly in CAP, will be adjustments to avoid 
surplus, rather than sweeping changes in intent.

The responses to the question on agricultural 
surpluses were as follows;

"The primacy of agriculture in land use will be 
questioned, and land taken out of food production for 
forestry and energy production".

"The cost of public support means that people do not 
want to support agriculture now. (The scales are falling 
°ff their eyes)".

"Increasingly, agriculture in the whole of Europe 
and the political nature of the community will be the 
imperatives that dictate U.K. food production, and the 
land used for it, on the basis of comparative advantage.

production will decrease within Europe, starting 
with marginal hill land".
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"Can't see a reduction in food production, unless 
large areas are taken out of farming, or unless livestock 
falls in numbers due to a change towards vegetarianism 
(unlikely). This means there would be a food surplus 
unless government intervenes".

"Situation likely to be dominated by E.E.C. and
C.A.P., and cutbacks in excess commodities are unlikely 
to be compensated by increased production of non-surplus 
ones" .

"The third world should be encouraged neither to 
export food (cash crops), nor to increasingly import food 
necessary for survival. Instead they should be 
encouraged to feed themselves. (Not us selectively)".

"Controlled agricultural surplus, (i.e. with a 
Planned outlet to the third world or the communist bloc), 
should be aimed for, but not to any great extent. It is 
best for third world countries to be more self-sufficient 
ln food production, and many of them are now progressing 
along this road".

"In so far as I understand, I agree. Why should 
food not be treated like manufactured goods and traded 
accordingly, without the nonsense of the current CAP, 
wbich is a distortion of the workings of the 
mar ketplace".
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"Food is currently a small part of people's spending 
(except the poorest sector) f it is possible to afford 
more exotic items. As food becomes more expensive, there 
will be a move back to more basic, home produced foods".

"R. and D. relevant to Britain (and other 
developed countries), has increased production. Until 
third world countries have had similar opportunities it 
is immoral for any country to restrict its food 
production. Public opinion is growing on this".

"Only a surplus of certain E.E.C. foods, not an 
overall surplus, exists".

With the relaxation of planning controls 
comes a change in the structure of land values, 
and whilst some agricultural land near major 
centres of population rises in value with the 
prospect of possible future development, 
'building land' as such can no longer command 
such high prices. Most land prices remain 
fairly static or fall slightly before 2000, 
with the abatement of speculative 'land fever' 
and the return to agricultural land values 
based more accurately on potential agricultural 
production. Ultimately however, land remains 
an inflation proof investment.

Large private estates, though experiencing 
some continued pressure from death duties 
etc.,causing some of them to change hands, are 
rarely split up into smaller units, and there 
is no particular political pressure to do so, 
though there is some slight economic pressure 
from the influx of new rural residents. The 
growth in institutional farm ownership slows 
down, though such bodies as the pension funds 
continue to own and manage farms in large 
numbers, particularly in the more profitable 
farming areas.

With more people moving into rural areas, 
'environmental' opinion sees the countryside 
less as a static landscape and more as a 
community with similar needs to other 
communities. Thus those estate owners who 
Presently under utilise their resources are
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encouraged to fall into line with the better 
estates and concentrate on building employment 
etcetera in the community. A thriving local 
economy is seen as being more important than a 
thriving grouse shoot. Of course improvements 
which can be made in this direction are 
dependant both on land quality and the efforts 
which have already been made to create a 
diverse employment structure.

Eventually rising costs of energy and 
fertilizers, as well as increasingly hostile 
public opinion against farm chemical use, are 
reflected in their lower use, enabled by 
improved crop strains, more complete use of 
organic fertilizers, and particularly refined 
management practices with regard to fertilizer 
application. The effects of movements towards 
healthier foods reducing fertiliser use are 
negated by a lowering in meat consumption 
making organic fertilisers less abundant. 
Chemical fertilizer use is reduced to around 
80% of the present level.

More resistant strains, and strains 
designed to perform well with less fertiliser, 
the use of more selective pesticides and 
herbicides, particularly shorter lasting 
biological pesticides, and the more careful 
monitoring and control of amounts and timing, 
are able to reduce these inputs down to 60% of 
the present level, possibly encouraged by some 
legislative restriction on chemical input 
induced by 'pesticide incidents'.

Areas which have gone over almost wholly 
to monoculture tend to return somewhat towards 
mixed farming due to high transport costs, 
higher emphasis on organic fertilizer use, 
pressure from public ecological opinion, 
changes in the structure of C.A.P. subsidies, 
and higher energy prices. This trend is 
somewhat restricted however by some changes in 
dietary habit away from meat consumption. The 
mixed farming also enables more energy to be 
created and used on the farm more easily, thus 
increasing overall energy efficiency.

Organic farming also grows in importance, 
all farms becoming more organic by 2034, whilst 
10% of farms, whether for truly economic or 
other reasons, are fully organic by 2034.
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Organic farming cannot really become significant."

Albeit in a small uneconomic way,in a 
perhaps misplaced idealisation of the 'good 
life', some people, particularly many rural 
inmigrants, turn to food production, usually 
for home consumption. The number of people 
working their own small plots in this way 
doubles over 50 years.

Including these owners of small food 
producing plots, farmers' spouses with an 
active involvement on the land, part time and 
seasonal workers, some 10% of all adults have 
some involvement on the land by 2034

This trend is added to by a movement 
towards increasing farmers' margins by 
increasing on-farm processing of products, thus 
more people are involved in farming without 
necessarily working 'on the land'. In this way 
the decline in the number of full time 
agricultural workers is halted by 1995, 
thereafter the numbers increase slightly.

Only about the same area as today is 
ploughed in 50 years time, as subsidies for 
producing crops from marginal land are changed, 
so that it becomes no more lucrative. Emphasis 
is more on the better use of the most marginal 
land for livestock production.

Unlike the situation in many other 
countries, National Parks are never vested with 
highly restrictive conservational measures, and 
they remain conservation areas more in name 
than in practice. Instead, rigid conservation 
is restricted to smaller areas such as nature 
reserves and S.S.S.I.s, which become more 
rigidly conserved than at present. Other areas 
become subject to new classifications such as 
'Environmentally Sensitive Areas', administered 
by M.A.F.F. and D.A.F.S. under E.E.C. 
agricultural structures regulations. However 
the effect of conservation on farming on a 
national scale is little more than negligible 
except through the voluntary action of farmers.

Forestry, having had more emphasis put on 
mixed species plantations, peripheral belts of 
deciduous trees, and carefully chosen 
Plantation shapes and contours, becomes seen as 
more compatible with the aspirations of 
environmentalists, and some growth is seen in 
the uplands.
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Fuel price rises force a considerable move 
towards energy conservation on the farm. This 
is brought about both through improved 
machinery design, in common with sectors 
outside farming, including the use of more 
correctly sized machines for the job at hand, 
and savings through better management, such as 
the use of multiple implements on single passes 
over a field, which altogether save not only 
time, but some 25% of the energy presently 
used. There is also a greater awareness of 
intensive building energy costs, and whilst 
many farmers concentrate on energy saving and 
the use of renewables, others abandon intensive 
animal rearing techniques altogether, partly 
due to the energy costs, but also due to social 
pressures.

There remains considerable divergence in 
farm sizes, with no increase in size of the 
largest units, but some amalgamation of smaller 
and medium sized units and a larger number of 
very small units. Larger farms tend to become 
more internally diverse. Economically the 
larger units do grow however, as other food 
processing functions are adopted by farmers and 
the boundary between farming and the rest of 
the food industry becomes increasingly blurred.

"Not enough account has been taken of the potential 
°f factory food production. The technology of 
bioengineering and controlled environment is taking us 
there, so that it will become economic to produce raw 
material in 'growth units' for the food manufacturing 
industry."

The dissent in this section comes from a respondent 
who disagrees with most parts of the agricultural 
scenario. inserted as a comment in the third round 
scenario it gained no support, and indeed takes a view 
dramatically opposed to that of most other respondents.
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Given the rising energy price scenario, and indeed 
the prospect of general growing resource shortages, it 
does seem unlikely that a type of farming relying more 
and more on non-renewable inputs, and less and less on 
solar radiation, will grow to become much more important, 
however high tech it is able to become.

3.4.5. Energy Saving Options-

The final part of the scenario listed opportunities 
for energy saving and use in rural areas, suggesting the 
most beneficial possibilities that came out in the second 
round survey. The following is therefore amended to take 
account of third round responses.

On energy production in rural areas, 
though agreement is by no means unanimous, 
there is generally higher confidence in small 
scale projects (particularly wind projects 
integrated such that storage is no longer such 
a problem, and heat pumps) and biomass. There 
is little confidence in the future of methane 
production from waste, this being limited to 
very large farms and urban or small town sewage 
plants. Photovoltaics development seems to 
depend exclusively on the development of 
techniques which will make photovoltaic cells 
much cheaper. (The majority of people have no 
confidence in it, one respondent however is 
adamant that this is the most important British 
renewable of the future.)

The types of biofuels which are seen as 
having the most potential are new forestry 
plantations (more particularly short rotation 
coppicing), straw and forest thinnings.

In domestic energy use insulation 
standards, passive solar design (in new housing 
rather than retrofit), and micro-electronic 
control devices, together with heat pumps in
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larger buildings, are seen as having the 
greatest potential, whilst the building of 
homes smaller than present private 
housebuilders standards, direct energy saving 
without any technological change, and 
particularly the voluntary rejection of 
consumer goods are seen as non-starters.

Reductions in intensivity are seen as the 
best energy savers in agriculture, both by 
moving away from intensive animal rearing and 
the reduction of field chemical inputs. The 
replacement of some machinery by human labour, 
on the other hand, is rejected by nearly 
everyone.

"Is intensive livestock production expensive in 
terms of energy? E.g. much of the waste energy in a 
livestock housing unit can be recycled to keep the unit 
warm. I dont think there is much to save here by 
reducing intensivity".

This note of dissent does not tally with the facts, 
for intensive animal production is intensive in energy 
(see section 2.2). It is also a circular argument to 
suggest that the recycling of the large amounts of energy 
used in some way negates the initial use of that energy. 
Certainly in food value alone, intensive livestock 
faring is very inefficient.

In rural transport, avoiding the need to 
travel is seen as a better solution than making 
travel more efficient. Most respondents giving 
the replacement of travel by non-physical forms 
of communication, and the use of mobile 
services, higher priority than more efficient 
mass transit or car sharing.
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"Efficient mass transport providing human contact 
will be more important than I.T. based communication".

This respondent again ignores the local human 
contact achieved in small communities.

In general, energy saving in the home and 
in agriculture, are seen as having greater 
potential than energy production in rural 
areas, with savings in domestic energy use at 
the top of the list and renewables given far 
less confidence, even by those whose specialist 
field is in renewables. Energy in transport is 
seen as the least important sector.

"Is rural domestic energy consumption sufficiently 
large in comparison with agricultural consumption to 
permit greater absolute savings".

The local survey, section 7, shows that domestic 
energy use, at least in the surveyed areas, is indeed 

considerable, being greater than agricultural energy use.

j •5. Summary of Scenario Results-

j-« 5.0. introduction-

Certain points in the scenario have not been 
finalised, which does detract slightly from the validity 

°f the end results. Yet for the most part it remains a 
c°hesive scenario, and there follows a summary of the 

main points in the 50 year projection.
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3.5. l ._ Internationa 1-

World economic growth at 2%/annum to 2010, dropping 
thereafter.

Population growth slows around 2010.
Wealth redistribution sporadic.
Starvation and malnutrition grow as problems 

throughout period.
Maximising gross national product lowers in 

significance.
South East Asia and China become part of 'first 

world' .
Africa shows little improvement.
Traditional manufacturing resides in the third

world.
High tech and service industries based in the 

present industrialised countries.
Energy price rise averages 2%/annum, 5%/annum after

2010.

Coal liquefaction begins to replace oil, third world 
alcohol production less so.

Still new oil finds by 2035.
Electric vehicles of only limited importance.

.!• 5.2^ Europe-

E.E.C. grows in importance, though Europe still 
troubled by extremes of nationalism.

Attitude to E.E.C. member states varies depending 
0n ties to U.S.
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3.5.3. National-

3.5.3.1. General-

Employment structure changes, working hours reduced 
by 20%, work for payment in kind by 2000.

DIY movement becomes a major force in the economy.
Parallel with current high tech, DIY impervious 

specialist economy.
Political parties move to the right, 'Green' parties 

gain prominence slightly.
Continued, if sporadic, withdrawal of the state from 

service provision.
Service industry continues to grow in the U.K.
Economic life based more on 'family'.

3« U»K« Energy-

Coal increases in use compared to oil, most
dramatically after 2020, with the introduction of coal 
liquefaction techniques.

North Sea oil peaks before 2010, down to almost nil 
by 2044.

Conventional thermal electricity generation up to 
40% efficiency.

CHP schemes in limited urban areas only, bring 
overall efficiency up to 45%.

Electricity use rises slowly, more quickly towards 
the end of the period.

One large tidal power scheme built.
Photovoltaics most important renewable worldwide

after 2 0 2 0 .
One large wind farm and one wave power scheme built.
Most other renewables small scale and restricted to 

re"ioter areas.
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15% of electricity used in these remote areas 
generated by renewables.

Use of short rotation coppiced fuelwood grows in 
importance.

Public awareness and practice of energy conservation 
grows.

Micro-electronic control systems can save 20% of 
energy by 2035.

3.5.3.3. U.K. Rural-

Rural population increases from 23 to 33%. Only 
very isolated areas see continued depopulation.

Housing remains high density in settlements, this 
rural development takes some impetus from urban renewal.

Friction between indigenous inhabitants and incomers 
becomes blurred.

In remote areas, many planning controls lifted, but 
not around major urban areas.

Planning more restricted to conservation of specific
sites.

Some small, high value new industries locate in 
rural areas.

Decline in public service provision.
Rehabilitation remains popular, along with 

vernacular and passive solar techniques in new building.
Steeply rising oil. prices after 2010 curtail the 

growth in car ownership.
Mass transit privately financed small operations, 

oon-physical communication more and more important.

Agricul ture-

, Land value structure changes in remote areas as 
building land' is no longer so valuable, other land 

p lces rise somewhat. Slower price rises than in the 
pastr but land remains inflation proof.
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Large estates are rarely
Growth in institutional
'Environmental opinion' 

'economic local communities'.
Chemical fertiliser use
Pesticide inputs down 

restrictions.
Some return to mixed and 

farms fully organic by 2034.
Number of people growing 

50 years.

split up.
farm ownership slows, 
becomes more concerned with

falls to 80% of current use. 
to 60%, some legislative

organic farming, 10% of

their own food doubles in

10% of all adults have some involvement on the land.
More on-farm food processing.
Area presently ploughed remains static.
Better use of marginal land for livestock 

Production.
Rigid conservation restricted to Sites of Special 

Scientific Interest (S.S.S.I,s) and nature reserves, 
together with new 'Environmentally Sensitive Areas'.

Improved machinery design and management saves 25% 
of on farm energy.

Intensive livestock rearing lowers in importance.

¿•5.4 Conciusions-

The above set of characteristics therefore
t

corresponds to a 'most likely scenario' for a 50 year 
Period into the future. These characteristics are 
aPPlied in section 9.2 to the results of the local 
surveys as reported in sections 5 to 8. In this way the 
CUfrent potential for a greater degree of rural energy 
autonomy is projected into the future using the results
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of the Delphi method postal survey. Although the 
foregoing study of futures has initially concentrated on 
larger scale issues than the local surveys will, the 
final Delphi scenario contains many suggestions for the 
future of specific features of rural areas, which can be 
applied to the smaller scale areas of local survey.
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4.1. The Background-

A macro-scale survey of total regional fuel use 
throughout a large part of Grampian Region was conceived 
as a back-up to the more detailed core of the project, 
the local scale door-to-door survey of households and 
agricultural holdings, with a view to gaining knowledge 
of patterns of present energy use on a larger scale, both 
to check against the results of the local survey, and to 
apply to the Delphi results , assessing how such 
Patterns might change in the future.

Its tentative purpose was to collect information for 
the whole region on amounts of different types of fuel 
used, such information to be split, wherever possible, 
into small local areas of supply, such as Ordnance Survey 
9rid squares or parishes, the exact methodology for such 
a split to be dependant on the quality of information 
obtainable from the suppliers.

Such information could then be used partly as a 
oheck against local level surveys, to determine their 
Accuracy and applicability in the wider context, and 
Partly in its own right to determine the relationships 
between energy use and such things as land use and 
Settlement patterns and available non-commercial
^sources.
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4.2. Methodology-

The area to be surveyed was determined as Gordon, 
Banff and Buchan, and Kincardine and Deeside districts of 
Grampian Region, thus encompassing the majority of the 
region, whilst excluding the complicating influence of 
Inverness based suppliers on Moray District, and avoiding 
the urban environment of Aberdeen City. Within this 
area, suppliers of different fuels were contacted with a 
view to ascertaining their last 12 months figures for 
amounts of fuels supplied, with the data broken down into 
as small areas as possible.

A particular feature of this supplier sampling frame 
is its lack of homogeneity," the omission of just one 
supplier of a particular fuel type might make little 
difference, might be of only local importance for 
individual areas or villages or, in the case of large 
suppliers, might have considerable general impact. With 
this in mind it should be noted that it proved impossible 
t0 achieve a 100% list of suppliers for most fuels with 
any degree of confidence, since the Aberdeen Chamber of 
Commerce do not keep lists, whilst commercial directories 
ate constantly changing, incomplete, and may not specify 
dealings in particular fuels in the case of multi-purpose 
companies. Another common feature which needs to be 
eliminated is multiple handling of materials, with many 
smaller suppliers purchasing from the larger suppliers, 
often on an irregular, and sometimes unrecorded basis.
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Two types of enterprise were identified, which were
dealt with in different ways; local and regional
suppliers, and national public and private bodies, for
whom Grampian Region represents only a small part of
their markets. The local suppliers, by and large, were
sampled by means of a series of short telephone
questionnaires (see Appendix 4), designed to extract
information in as consistent a form as possible. The
informal, telephone approach was felt to be more likely
to achieve success when dealing with people more used to
verbal requests and dealings than to written

»
communication, and who do not have the kind of
organisation which is set up to handle a lot of 'official 
mail*. It was also felt that the telephone approach was 
roore likely to be able to allay peoples fears as to 
confidentiality.

National bodies and larger organisations, on the 
other hand, were approached through a letter not 
structured as a questionnaire, and subsequent telephone 
conversations and meetings, since information 
availability and the form that it took was more varied, 
ar>d more important in the individual case.

The categories into which fuel was divided for the 
Production of questionnaires were, peat, wood, coal and 
smokeless fuel, bottled gas and domestic and agricultural 

Electricity, vehicle fuels and mains gas were 
dealt with exclusively through letter contact with the 
larger supply companies.
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4.3. Surveying Coal Supply-

The one national agency involved in coal supply, the 
National Coal Board, supplies most of the coal to smaller 
suppliers, but felt unable, for reasons of 
confidentiality, to itemise their supplies to individual 
merchants, or indeed to provide a list of merchants 
within the area, partly due to their being in a continual 
state of flux. In addition, much coal does not actually 
pass through their hands, being from licensed mines or 
open cast sites, or imported. However, most coal is 
supplied via the Coal Board, and the figures in table
4.1, for the period 30/9/1982 to 30/9/1983 give a rough 
indication of amounts supplied within the old counties of 
rural Aberdeenshire, Banffshire and Kincardineshire, 
which form a close approximation to the newer districts 
being studied, except for the more recent expansion of 
Aberdeen City District.

262



Table 4.1. Coal Board Figures for Annual 
Destinations in Rural Grampian- (Metric tonnes)

Supply;

Bituminous Smokeless Total

Aberdeenshire 19500 1500 21000
(excluding city)
Aberdeen City 66000 5000 71000
Banffshire 17000 600 17600
Kincardineshire 9000 500 9500

total 111500 7600 119100

total RURAL 45500 2600 48100

A further complication arises from the fact that 
these figures relate to bulk deliveries to suppliers, the 
final destination of the coal could present a very 
different picture of supply, particularly since one would 
exPect many Aberdeen merchants to be delivering outside 
the city.

With a view to getting a more complete picture, 
br°ken down more accurately by area, than could be 
Pr°vided by the Coal Board, a sample of 29 depots, the 
largest sample which could be gleaned from commercial 
directories, were telephoned and asked questions about
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amounts supplied and areas of delivery. This number was 
first reduced to 2 2 , due to the fact that several 
companies had more than one depot, whilst some companies 
turned out to be subsidiaries of others. Of this sample, 
6 merchants had recently gone out of business or moved 
out of the area (and assuming normal trading conditions, 
it seems reasonable to assume that an equivalent number 
might have become established since the latest records 
were made available), 6 were either unable or unwilling 
to provide any information, particularly where their main 
deliveries were within Aberdeen City, but a few 
deliveries were made within a wide range of the rural 
areas, whilst 10 were able to give some kind of positive 
response as to amounts delivered.

Assuming that 22 suppliers are in operation at any 
°ne time, a 45% sample was achieved, although in fact 
many smaller merchants, such as those found in the local 
survey areas, exist, who undertake no form of 
advertising. Nevertheless it is felt that a much larger 
Proportion of total coal supply than 45% was sampled, 
9iven that most of the positive responses came from the 
larger and more organised merchants.

A rough total figure for these suppliers is 35000 
tonnes into the rural areas, although some of this goes 
°utside Grampian, whilst other suppliers, not based in 
Grampian, bring coal into the region for direct delivery 
to consumers. The above figure loses accuracy still more 
because one Aberdeen supplier has had a rough estimate
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taken of the amount he supplies to rural areas, whilst 
most of the figures represent rough estimates by 
suppliers from memory of annual amounts delivered.

In terms of the areas to which coal is delivered, it 
has been possible to map out some assessment of coal 
supply for ten merchants by area (see Appendix 5), but 
again delivery areas could only be given roughly from 
memory, and concentration of delivery is likely to be 
very uneven across these areas. Any grid square 
statistics worked out from these figures would be 
misleading given the number of problems met with in the 
sample. Furthermore, few suppliers were able to break 
down deliveries by coal type or end use (such as whether 
domestic or industrial), and the eventual pattern becomes 
relatively meaningless in statistical terms.

4.4, Surveying Fuelwood Suppliers-

The only national body concerned with the supply of 
wood for fuel is the Forestry Comission, and 
correspondence with them was able to glean little more 
than a single figure for fuelwood sales which represents 
a relatively small and unknown percentage of total wood 
burned. Their figure of 1400m3 from April to November 

is difficult to extrapolate to cover a 12 month 
Period, since one would expect felling to be far greater 
ln the summer months. Since their figure includes the
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whole of the East Conservancy, it takes in a much larger 
area than is needed for the purposes of the survey, 
whilst it omits such items as sawmill offcuts, firewood 
produced from timber sold standing, fuelwood from 
privately owned woodlands, and that used by Forestry 
Comission employees and other non-commercial timber 
collection.

The 1400m3 figure is interesting however, in as much 
as it represents less than 1 % of their total timber sales 
by volume, a far lower percentage than could be expected 
were the maximum use to be made of felled timber not 
suitable for other purposes, such as forest thinnings.
Yet all in all, the results which can be obtained from a
survey of fuelwood suppliers do not do justice to the 
Potentially great importance of the fuel resource in a 
rural context.

In terms of the smaller, retail suppliers, a sample
°£ 29 was identified from those people advertising
themselves as fuelwood suppliers, sawmills and timber
^rchants (both rurally based and in Aberdeen), Of
these, 13 supplied no firewood at all, (or were unwilling
*-0 admit to doing so), 11 were unable or unwilling to
9ive any idea of the amounts they sold, whilst only 5
SuPpliers were able to give any figure at all for the

am°unts they sold, Even within this last small category,
4 wsre unable to give more than a rough approximation, 
and only one could be traced that kept proper records of 

annual amounts supplied.
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This partial success rate of 17% is made still lower 
by the fact that many people supply firewood without 
advertising, many of whom may not want to be traced since 
they are making undeclared income, and may not even be 
acquiring their stocks legally. Larger concerns, such as 
sawmills, are also probably making undeclared income, 
having written off offcuts as waste, and then selling it 
as firewood on a casual basis without keeping records.

Even were it to be possible to isolate all 
suppliers, the smallest ones would doubtless be treading 
a fine line between casual collection and commercial 
operation, it not being easy to differentiate between 
actual sales and 'favours for friends' which involve some 
kind of payment.

The one supplier who did keep proper records 
e*pressed the feeling that achieving a 100% sample was an 
impossible task, the belief that most trade was done on 
an undeclared, part-time basis or by people registered as 
unemployed, and a degree of frustration that these 
semi-commercial enterprises could undercut the larger, 
fuH  time suppliers.

Many suppliers of small quantities of wood would 
also be unable to state with any degree of accuracy what 

end destination of the product was, whilst the fact 
^ at many people use wood in small amounts on an 
lrregular basis or merely as kindling, makes resource use 
Very diffuse and difficult to trace.
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Patterns of use ascertained at local level were much 
more useful than the supplier survey in the case of wood.

4.5. Surveying Bottled Gas Suppl 1ers-

Though no national agency exists for the supply of 
bottled gas, the main suppliers are quite few in number 
and consist of Calor, B.O.C., Shell and Mac-Gas. Of 
these, by far the largest supplier of domestic bottled 
gas is Calor, who supply some 3500 tonnes of cylinder gas 
to Grampian Region (no figures are available for bulk 
gas) , including Aberdeen City. Although one would expect 
most of this to be used in rural areas, where piped 
natural gas is less widespread, there is no way of 
decking this assertion by extracting the rural figure.

Calor were of only limited help in supplying details 
°f their dealers in the region, since they only keep 
readily available lists of major suppliers, and not of 
small sales from local shops. 6 major suppliers in the 
area were listed, who were included in the telephone 
sample of 1 8 .

Due to the limited number of manufacturers and the 
c°nsistent terms of measurement, slightly greater success 
Was achieved in the telephone questionnaire than for
f  i rewood suppliers, though identifying all of the 

S(JPpliers again proved impossible.
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Of the 18, 6 either delivered no gas any more, only 
sold industrial types of gas or dealt only within the 
city, 3 were subsidiaries or depots of larger companies, 
2 were unable or unwilling to impart any information, 3 
suggested approaching Calor head office before they would 
help, whilst 4 gave positive replies of some sort.

A complicating factor is that much gas is supplied 
by major dealers to customers or smaller suppliers in 
rural areas, meaning that there is a degree of double 
handling, but no information is available on the amounts 
delivered by or collected from the larger suppliers by 
area, whilst it is impossible to identify small rural 
traders where bottled gas forms only a small part of a 
more general retail business. Collection by consumers, 
father than delivery, also means that the area of end use 
is not known in many cases, and it is reasonable to 
assume that much gas leaves the cheaper, larger suppliers 
in Aberdeen through collection by consumers, particularly 
those who commute into the city.

So both the amounts and the geographical pattern of 
supply are again very difficult to ascertain, and the 
r°ugh weekly figures obtained from some suppliers do not 
^ske adjustments for seasonality of supply, and since the 
sUrvey period encompassed a spell of particularly bad 
Weather, these are likely to be overestimates, especially 
Slnce power cuts were being experienced or expected in 
n>any areas.
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4.6. Surveying Peat Suppliers-

Although no national agency or supplier exists for 
peat, Dr. R.A. Robertson of the Macaulay Institute for 
Soil Research, the head of the British branch of the 
International Peat Association, was of some help in 
giving general information on the use of peat as a fuel 
within the region (1). Were the study to have been 
carried out on the West coast of Scotland or the Western 
Isles, the Crofters Comission would have been able to 
supply details of the considerably greater number of peat 
hags in these areas, yet for the East of Scotland there 
exists no such convenient record of the small-scale, self 
cut operations, such as they are.

In commercial terms, there are only two peat cutting 
enterprises of any size in the region, both situated near 
Peterhead, and both taking some interest in research into 
the winning and utilisation of peat as a fuel. Yet 
heither company was able to supply any information as to 
amounts supplied, mainly due to the extent of their 
°Perations and the fact that they themselves make no 
deliveries of peat.

Their very size and success means that a large but 
Unknown quantity of peat leaves the region, and indeed 
Gotland, whil st all sales are by collection, and no 
Particular track is kept of major customers or the areas 
to which the peat goes. The retail sale point may be 
Petrol stations, small general stores, coal merchants or
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travelling salesmen, and outside of the crofting areas, 
peat use is likely to be diffuse and occasional.

Indeed it seems doubtful whether peat, unless 
privately cut on a non-commercial basis, really provides 
a competitive fuel source at present, for its cost 
doesn't justify its use over such fuels as coal, and it 
may only be able to command its present share of the 
market due to a kind of desirability derived from its 
tendency to be included in people's, minds under the 
heading of 'alternative' fuels.

So with peat, the great majority of usage can be 
identified back to the suppliers, but problems exist at 
two poles which make it impossible to find any supplier 
who can give quantitative information. The small 
suppliers and non-commercial enterprises are too small to 
be identified, whilst the large suppliers are too large 
to be able to isolate the proportion of their supply 
9oing to the survey region.

As with supplies of wood, more useful information 
Can be gleaned at consumer level, so long as it is 
accepted that peat use will vary widely from community to 
community according to availability.
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A major factor differentiating rural from urban 
areas is the domestic use of piped natural gas, for 
whereas 56% of domestic heat nationally is provided by 
gas, one would expect much lower figures than this in 
rural areas. Natural gas is supplied to only a few major 
settlements in the region, such as Ellon, Peterhead, 
Inverurie, Stonehaven and Banchory, and is unlikely to 
have any impact on smaller settlements.

4.7. Surveying Natural Gas Suppliers-

Potentially, surveying the use of gas is a much
easier job than with any fuel other than mains
electricity, the one supplier being British Gas.
Unfortunately however, this concern has a large public 
relations department, and can therefore offer no coherent 
answers to questions other than to shower the enquirer 
with a mass of glossy publications which hold forth on 
the excellent qualities of British Gas. Yet in the case 
of piped gas, all that is really necessary is to know 
which areas are supplied, so that an assessment may be 
roade as to the proportions of people to whom the service 
is not available, whether they wish to use it or not.

In fact, the only settlements in the region which 
are supplied are large enough not to figure in the 
definition of rurality made in previous sections, and 
thus supplies of natural gas to rural areas in the region 
Can be considered to be nil.
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4.8. Surveying Mains Electricity Suppliers-

Again electricity ought to be relatively easy to 
survey, due to the fact that it is all supplied by one 
central body, and it has considerable importance as 
perhaps the most universal and widely used of all fuels.

However, problems arose in trying to obtain data on 
its use. Although anxious to help, the North of Scotland 
Hydro-Electric Board only keep records in terms of
individual consumers, rather than by area or by supply 
line, and the only way of extracting this data is to 
aggregate individual accounts and assign them to an area.

There are two basic problems in trying to achieve 
this, firstly, the number of consumers is so large as to 
Preclude this type of processing, since the Hydro Board 
accounts are not in such a form that this can be done on 
their computer system, and secondly, and with even 
greater finality, the Board's Commercial Department felt 
unable to hand over individual accounts without the
exPlicit consent of each of the consumers concerned.

Although utilising this data at local level, by 
aPPending a letter of consent for signature by
Questionnaire respondents, was considered, this approach 
Was dropped after the pilot survey, in which it was found
^het the individual's knowledge of the size of his own
accounts was greater than for any other fuel, and
* s  J

aeQuate data could be got by direct questionning.
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Data on the number of consumers connected for 
Scotland by regions was obtained, and presented a picture 
for Grampian Region of more household connections than 
there were households. This anomaly was caused by the 
census definition of a household, and the fact that some 
may have several seperate metering arrangements, but the 
figures do demonstrate that electricity connections now 
extend to all but a very few rural households, as is 
borne out by the local surveys.

4.9. Surveying Domestic and Agricultural Oils and 
Vehicle Fuel Suppliers-

In terms of suppliers of heating oils and the like, 
an initial sample of 31 suppliers was quickly narrowed 
down to 10 once head offices had been traced, subsidiary 
companies had been eliminated, companies not dealing 
°utside Aberdeen City and companies dealing only in 
industrial or marine oils or lubricants had been removed. 
This small number is more or less a function of the fact 
that the small number of major oil companies tend to 
eniPloy only one agent for oils in each region.

Two companies in this survey took considerable time 
an  ̂ effort to produce information on oil deliveries in 
detail, whilst at subsequent meetings expressing 
m*s9ivings as to the likelihood of being able to acquire 
similar figures for other companies, due to the problems
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of confidentiality. One other company was able to give 
limited information, yet this section of the survey was 
suspended once three other companies had suggested 
approaching the Institute of Petroleum in the first 
instance.

In terms of vehicle fuel supply through petrol 
stations, all major oil companies carrying out pump sales 
were contacted by letter, rather than by structured 
questionnaire. The companies contacted were; Shell, 
B.p. Texaco, N.E.F., Esso. Conoco, I.C.I. and Chevron. 
Replies from all of these companies with the exception of
N.E.F. were entirely negative, unimpressed by assurances 
as to the confidentiality of data, they all refused point 
blank to disclose any information whatever. N.E.F. on 
the other hand, were able to impart useful information 
about their sales which, due to its confidentiality, 
would only have been of any use if aggregated with the 
^ata from other companies. Since this information was 
n°t forthcoming, the N.E.F. data could not be used.

The Institute of Petroleum was approached, and it 
Was ascertained that they, in conjunction with the 
Petroleum Industry Association and Southwark Computer 
Services Ltd, produce data for the whole country on a 1 
kilometre grid square basis, of different types of oil

and delivered {"PINGAR" data). This information 
enc°nipasses some 80-85% of sales and includes different 
categories for petrol and derv, kerosine, gas oils and 
^*9ht and heavy fuel oils which, together with the N.E.F.
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figures would provide a near 100% sample of oil supplied 
to the rural areas under consideration (2).

Although complete in total, some of ths data is not 
as accurate as it might at first seem, for the Petroleum 
Industry Association feel that returns from some 
suppliers, especially the smaller ones, may not be too 
accurate in terms of area of delivery, a problem which is 
probably compounded in sparsely populated rural areas by
a tendency to lump together various grid squares due to
the work involved in keeping records. Thus the
information is likely to be more accurate when
considering larger areas.

Yet the accuracy of this data is far greater than
that which was aohieved for other fuels, for none of 
which anything like satisfactory data was obtained. 
Since for the purposes of the survey, oil supply data was 
considered to be completely useless in isolation, and the 
survey is only as good as its weakest link, it was 
decided not to obtain this expensive data, or to 
undertake the extensive computer programming necessary to 
access it on R.G.I.T. equipment.
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4.10. Summary of Results-

Of the 8 basic different fuel types surveyed, only 
one, oil, yielded any results that might have been worth 
pursuing further, were it not for the fact that 
information on one fuel type was meaningless in 
isolation. Therefore the original intention of a 
comprehensive mapping procedure for all fuel could not be 
realised. What mapping that could be carried out is 
included as Appendix 5, whilst a full list of 
organisation surveyed in included as Appendix 6.

The surveys did have some usefulness however, in 
identifying the types of supply pattern for each fuel, 
the broad size and organisation of suppliers, and the 
geographical areas and methods within which they work. 
Yet without a full picture of regional supply, they do 
iittle to expose the potential for a greater degree of 
rural energy autonomy.
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5.1. Introduction

Previous sections have dealt in more general terms 
with energy futures and their application to rural areas, 
and the resource potential for agricultural/domestic 
integration of energy use in rural areas. These sections 
isolated areas of interest for study in terms of taking a 
systems approach to subjects about which there are gaps 
in knowledge , and suggested the type of survey design 
which might be appropriate.

This chapter goes onto discuss survey design in some 
detail under three headings, the design of a sample for 
the study, the design of the questionnaires, and the 
results of the pilot survey.

Data collected by the local area surveys relates to 
size of energy usage and the way in which it is used, 
size of the rural energy resource, and attitudinal 
factors such as people's preferences for different types 
°f fuel and their ability to adapt to different future 
scenarios. It is used to test the hypothesis that rural 
energy resources, though large, are untapped to a large 
e*tent, and that attitudinal changes or economic 
c°nditions could bring about a much fuller use of the 
e^ergy sources available.

The broad areas chosen for the study were, for 
Various reasons, the Kincardine and Deeside, Gordon, and 
Banff and Buchan districts of Grampian Region.
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Aside from their obvious ease of access from
Aberdeen, these areas also have a number of other 
advantages for the study. They exhibit a wide range of 
farming and landform types, from lowland arable farming 
to poor upland areas with little profitable land use 
aside from shooting rights. It is possible to achieve 
great extremes of rurality and isolation without coming 
into contact with the complicating factors of tourism or 
commuter influence, whilst in other parts of the area 
there is no dearth of such influences should they be 
required. Patterns of land ownership are also diverse, 
encompassing both small family farms and very large 
estates, as are settlement patterns, with both nucleated 
and scattered settlements. As a large block of land, 
part of which is a considerable distance from the coast, 
it is easy to avoid complications caused by a mixing of 
rural agricultural occupations with such factors as the 
fishing industry.

Within this broad region several survey areas were 
chosen as demonstrated below, for the application of a 
i00% door-to-door questionnaire survey of houses and 
farms, with commercial, industrial and service premises 
bein3 omitted .

As well as questionnaire surveys, some land use 
0riented survey work was done, on the basis of maps and 

the ground observation, particularly having regard to 
the assessment of the size of the rural energy resource.
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5.2. The Design of a Sample-

5.2.1« Sampling Methodology-

The chosen method of sampling, that of 100% coverage 
of areas selected by non-random methods, departs from 
principles of unbiassed sampling in many ways, yet in 
other ways it provides the best sample.

With a 100% sample, as long as a reasonable level of 
completeness can be achieved in practice, the conditions 
of a perfectly randomised sample from a complete sampling 
frame are easily met, but in theory the actual population 
being sampled reverts from being, say, the population of 
rural Britain, to being merely the populations of the 
villages which are sampled.

Yet plenty of studies have restricted their 
Populations in this way, often for no better reason than 
convenience, whilst in the present case the desire to 
look at rural areas in terms of systems means that 
individual 100% area coverage is essential in order to be 
able to view such open systems as a whole. The 
non-random choice of settlements is a function of the 
desire to use controlled variables, particularly land use 
and agricultural systems, and the need to include 
discrete settlements of comparable size, yet with 
Populations not too large to be dealt with in a limited 
time and with limited funds.
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In a large region, where there are predictable
variations in many factors by area, and where land
holding patterns are such that a single individual
isolated by sampling may have an inordinately high 
influence, it is better to treat a more integral unit 
such as a village, recognising the limited ability to 
make valid statistical extrapolations, than to claim an 
advantage for randomised sampling which does not exist. 
A further advantage of the 100% sample was the ability to 
check that the sampling frame is complete on the ground, 

leaving fewer problems of, say, omitting holiday cottages 

in a random sample based on the electoral register.

A further important feature of the sample choice was 
the need to instigate an initial pilot survey, in order 
to create data which helps in refining both procedure and 

questionnaire design to ensure more meaningful final 

results. The pilot area need be neither large nor 
Particularly rigorously chosen, since it simply provides 

a guide to the execution of the survey, yet it is 
w°rthwhile considering what end use might be made of 
Pilot survey data, and thus the choice of an area for 
this is discussed further later in this section.
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5.2.2. Controlled Variables in the Sample-

It is important that the two areas chosen should 
differ in certain characteristics as it is that they 
should be approximately the same in other 
characteristics. Since what is being measured is 
different energy uses and different resource 
characteristics in different types of rural area, and 
since much of the resource is agricultural and land 
based? whilst land form, perhaps more than any other 
single feature, dictates much of the structure of rural 
life, agricultural pattern and landform are the main 
controlled variables between the two areas.

Although it might be possible to define an area 
which had something like 'average' agricultural form, 
this would be a fairly meaningless concept, (more 
Meaningless than say, averages of population density or 
accessibility to services, for instance), and so it 
seemed appropriate to choose areas from two extremes of 
suitability for agriculture; broadly speaking, a 
Predominantly arable area and a predominantly hill area. 
Such a choice is likely to yield differences in crop 
types, land holding structure, employment on the land, 
amount and type of unproductive land, and outlying 
Population density.
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In other respects the two areas were broadly 
designed to be the same, such as in terms of total 
population, services, commercial activity, accessibility, 
influence of tourism and commuter housing, age of 
dwelling stock and the like, so that constraints arise as 
to exactly which areas and settlements prove suitable for 
the study.

_5.2.3. Choosing Survey Areas-

It was felt that an optimum number of households, 
including farms, to be included in each area, in terms of 
the practical ability to carry out 100% surveys, was 
around 200, and thus, with average occupancy of around 2 
to 2.5 persons per dwelling (1), populations of around 
400 to 500 were required in each area. Each district 
council involved has produced, as part of their local 
Plans, both lists of settlements with their respective 
populations, and settlement maps which rigidly define the 
boundary of each village, and the housing, industry and 
Services to be found within it.

By a process of adding together the populations of 
each settlement within a district, and subtracting this 
ffom the total district population, one comes to an 
assessment of the proportion of the rural population 
ffving in nucleated villages, from which a proportional 
ad<Hti0n can be made to the basic settlement population,
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to cover the correct number of those living in outlying 
areas. If the inclusion of this proportion corresponds 
to an area extending roughly half way to the adjacent 
nucleated village, then a further rough measure of the 
appropriateness of the sample is achieved.

Thus, for Banff and Buchan District, if all 
settlements with over 6000 population are removed, i.e. 
Peterhead and Frazerburgh, leaving a total population of 
51,789, then with settlements over 150 but less than
6,000 having a total population of 35450, some 68.45% of 
people outside the towns live in villages, 31.55% in the 
outlying countryside (2).

The corresponding figures for Gordon District are; 
a population outside towns of 48,030 and a village 
Population of 26,622 , meaning that 55.43% of people live 
in the villages and 44.57% outside, a somewhat lower 
Proportion than in Banff and Buchan, and further 
emphasised by the generally smaller size of the villages 
in Gordon District (3).

So, given an optimum number for handling by a single 
surveyor of around 200 dwellings, and a persons/ dwelling 
ratio of about 2.57 (4), the population coverage ought to 
be about 2.57 x 200 = 514, or a village population of 514 
x .6845 = 352 in Banff and Buchan District and 514 x 
•5543 = 285 in Gordon.
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The settlements which most closely meet this figure
are shown in Table 5.1-

Table 5.1. Settlement Sizes in Banff and Buchan and 
Gordon Districts/-

BANFF AND BUCHAN DISTRICT

SETTLEMENT POPULATION DEVIATION FROM
REQUIRED NO.

Cuminestown 400 +13.64%
Rothienorman 357 + 1.42%
Fetterangus 279 -20.74%
St.Fergus 289 -17.9%
Stuartfield 459 +30.40%

Gordon district

Kirkton of skene 242 -15.09%
^umsden 240 -15.79%
Methlick 315 +10.53%
Rhynie 320 +12.28%
Udny Station 281 - 1.40%
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The two settlements which most closely meet the 
suggested number are Rothienorman and Udny Station. Of 
these, Udny Station can quickly be eliminated as being 
too close to the influence of Aberdeen commuters and thus 
not fulfilling the requirements as to rurality, Kirkton 
of Skene can be eliminated for the same reason, whilst 
St. Fergus is too near the coast, and too influenced by 
nearby major oil dvelopments.

Thus Cuminestown, Stuartfield, Fetterangus and 
Methlick are left as possible settlements in lowland, 
arable areas, Rothienorman in a more hilly area, and 
Rhynie and Lumsden in upland areas.

Matching Rhynie with Methlick is impractical, since 
the two have rather different accessibilities, Methlick 
being rather more accessible for commuting than Rhynie, 
as it is situated not far from the major growth area of 
Ellon. Methlick also has none of the industrial land 
zoning set aside in Rhynie, and so there would seem to be 
sufficient different characteristics, other than those of 
land use and type, to preclude Methlick from the study.

Thus four settlements remain, two from each
district, Rhynie and Lumsden, and Cuminestown and 
Fetterangus. Although Lumsden and Fetterangus have
various similar characteristics other than size, such as 
their distance from Aberdeen and estate village type of 
layout, there are also various immediately obvious 
differences, such as the number of persons per dwelling,

2.1 in Lumsden and 2.6 in Fetterangus. The location
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of Fetterangus also presents some difficulties, since it 
is situated rather near to Peterhead and is overshadowed 
by the proximity of Mintlaw, Maud, Old Deer and Strichen, 
to the extent that it cannot be said to have a 
significant catchment area for .it's services, or to have 
any real potential for autonomy by itself.

On the other hand, Rhynie and Cuminestown are better 
matched in all these matters, both being situated within 
a relatively large area of few other settlements, and 
both being well outside the influence of commuting to 
either Aberdeen or Peterhead, neither is tourism likely 
to prove a great influence in either settlement. Both 
have similar areas for recreation, commercial and new 
industrial uses, whilst both have the facilities of 
sewage treatment plants and primary schools. The 
Percons/dwelling ratio varies little between them, 2.21 
in Cuminestown and 2.12 in Rhynie, their sizes are also 
appropriate to within 1.5%, and the requirement to find a 
hill and an arable area is met admirably

However, a considerable problem exists with Rhynie, 
which legislates against it's inclusion, in as much as in 
the year preceding the survey fieldwork, two separate 
surveys, both intended to have 100% coverage, have 
c°llected social data from the village. These were, a 
transport survey at Aberdeen University Department of 
Ge°graphy, linked to ’Scotmap’ bus transport changes, and 
a social conditions survey carried out through the Open 
diversity. Although not coincident with the present
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project academically, the undertaking of a third survey 
in the village in such a short space of time could cause 
considerable resentment amongst the over-surveyed 
residents, which problem could far outweigh the 
potentially useful effects of information exchange 
between the three surveys. A further point is that, 
although on the face of it merely coincidental, the 
choice of this small village by 3 separate surveyors in 
such a short space of time, tends to cast doubt on the 
validity of the sample design. It seems that Rhynie's 
position in a hill area, being of handleable size for a 
single surveyor, and not being influenced by tourism and 
commuting, makes it not an ’average agricultural 
settlement', but a highly unusual village in it's 
isolation and apparent 'unremarkableness'. It perhaps 
demonstrates the unconscious bias carried out by academic 
surveyors in their implicit idealisation of the structure 
°f rural communities.

For the above reason, and in spite of the difference 
i° size, it was decided to choose Lumsden as the village 
io a hill area to be surveyed, rather than Rhynie, and to 
recognise the bias which might creep in if identical size 
Was stipulated as a condition.

Lumsden lies in the quite large and tortuously 
shaped parish of Auchindoir and Kearn, and is the only 
Settlement of any size in that parish, which includes 
much hill land, and also the main road running south-east 
3lm°st as far as Bridge of Alford. Lumsden is situated a
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little near Rhynie for an unskewed 5 kilometre radius 
area to be the sampling frame, but if an area was taken 
to points half way between Lumsden and the next major 
settlements, a satisfactory sample might be achieved. 
This parish has some advantage in being free from other 
villages.

Cuminestown, on the other hand, though the largest 
settlement in Monquhitter parish, is not the only one, 
with small settlements such as Maryhill and Garmond 
swelling the numbers of people in this larger parish. It 

was therefore necessary to artificially split Monquhitter 

Parish in order to achieve a more manageable sample size.

3. Sample Area Choice for the Pilot Survey-

In order to test the efficacy of the questionnaire 
design, in terms of the individuals' ability to respond 
to the questions, the ability of questions to accurately 

reflect energy use patterns, and the ease of data 
Processing, it was felt to be essential to conduct a 
Pilot survey of a small area, including data collection, 
Processing, and elementary statistical tests and 

inclusions using S.P.S.S., before carrying out the main 
irvey.
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Sample design and questionnaire application for this 
pilot survey was the same as for the main survey, though 
the design of the actual questionnaires was refined as a 
result of the pilot. The size of the area of the pilot 
survey is not crucial, except that it should be small 
enough to make 100% survey manageable.

Theoretically, the characteristics being measured 
ought to be roughly the same in the pilot area as in the 
main survey areas, and a village exhibiting median 

characteristics between Cuminestown and Lumsden ought to 
have been chosen. On the other hand, aside from being 
merely a trial run, the pilot survey can yield some 
results which can lead to some interesting conclusions in 
their own right, if the area chosen encompasses more 
different characteristics than can be considered in the 

two main villages. Two factors of considerable interest, 

which do not have a large influence in the two main 

survey areas, are tourism and commuting.

The latter factor can also be an advantage in as 
much as the inclusion of commuter influence also means 
that the sample is likely to be more accessible and 
easily worked from Aberdeen, a factor which, though not 
9°od practice to include as a parameter in the main 

survey, can safely be considered in the context of the 

Pil°t study.
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As already stated, the size of the pilot area was
not of importance, but a sample size which is manageable, 
but large enough to have some statistical relevance, lies 
around the 50 household mark.

Allowing for an area around the village to be taken 
into account, this means a settlement of between 30 and 
40 houses should be chosen, representing a population of 
between 60 and 100. The Banff and Buchan District Plan 
lists no settlements as small as this, but a list can be 
extracted from the Gordon District Plan of settlements of 
a suitable size (See Table 5.2.).

Table 5.2. Settlement Sizes for the Pilot Survey-

Villages Popul

Dunecht 104

Garlogie 88

Gartly 106

Hatton of fintray 101
Lynn of skene 95

Sauchen 66

Tipperty 97

Udny green 83

fchese possibilities, Tipperty is rather too coastalOf



and Gartly is unlikely to be affected by commuting, being 
too far away from Aberdeen. Udny Green is rather too 
near to the larger settlement of Pitmedden. Lynn of 
Skene, though probably not as well surveyed as Rhynie, 
has had some work done on it, and a return might have 
caused some resentment (5). Sauchen, on the other hand, 
is perhaps a little too small to constitute a village in 
the same way as Lumsden or Cuminestown.

Of the remaining 3 settlements, Garlogie is perhaps 
too lacking in the facilities found in larger villages, 
such as a school and shops, whilst it has a very 
dispersed linear form.

There was little to choose between the remaining two 
villages, Dunecht and Hatton of Fintray, except perhaps 
that Hatton of Fintray might be considered to be rather 
too urban in it's influences, situated as it is so near 
to Dyce, whereas Dunecht ought to have preserved rather 
foore of it's rural and agricultural nature.

Thus Dunecht, and an area around the village 
c°rresponding to an additional population of 45% of the 
'-°tal surveyed, was the subject of the pilot survey, with 
the sample drawn from the annually updated electoral 
re9ister, in order to capture the whole of the 
ge°graphical area chosen.
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5.4. Designing the Questionnaires-

5.4.1. Introduction-

Aside from the basic purpose of the pilot survey, 
that of testing the applicability of the survey design in 
a kind of 'fine tuning' exercise, the hypothesis and 
purpose of the whole local level survey, as stated in 
section 2.1 is ; to study both rural energy use and the 
rural energy resource, with a view to ascertaining the 
extent to which a greater degree of rural energy autonomy 
is possible through the medium of integration between 
domestic and agricultural/forestry sectors. Thus the 
nature and size of the resource must be measured, present 
Use characteristics should be ascertained, and technical 
ability and the willingness to aspire to energy autonomy 
°n the part of both sectors must be gauged.

The environment in which such use of energy takes 
P*ace must also be measured, particularly having regard 
to the potential for energy saving through such 
ImPr°vements as insulation, and to the flexibility of 
fuel use as gauged by both fuel using appliances and 
ITlental flexibility and willingness to adopt local 
fesource use and conservation strategies.

There are various prerequisites for a more 
aytonomous energy system, and various other factors
ln£luencing the ability to be more self-sufficient.
These requirements are; the existence of an untapped
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resource, the technical ability to use such resources, 
and the knowledge and willingness of both consumers and 
the local land-owing power base to undertake such 
strategies. Other factors influencing the ability to be 
autonomous include the ability to save on present levels 
of energy import without substitution, in terms of the 
ability to introduce any necessary changes in fuel 
burning systems, and the willingness and wherewithal to 
conserve in this way.

Thus all the above factors had to be gauged by the 
two questionnaires, and this means the establishment of a 
very full picture of the characteristics of the areas 
through the development of a very comprehensive set of 
questions. Commercial premises were excluded from the 
sample both for purposes of simplification and to produce 
suitably homogenous data to allow a greater degree of 
extrapolation into wider areas than those being surveyed.

The two questionnaires involved data collection in 
various fields as follows; the household questionnaire 
c°llected data on the individual inhabitants of each 
Celling and their, origins, the tenure, available 
services, structure, insulation, type, size and structure 
of the dwelling unit, full energy use characteristics and 
^stalled fuel using equipment, and attitudinal data on 
the acceptance of local fuel resources and renewables, 
a^titudes to autonomy and opinions on energy issues, 
economic conditions and political factors at the national 
level. The agricuitural survey, on the other hand, aimed
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to acquire data under the following heads; farm size, 
position and tenure, employment, land use and stocking 
levels, subsidiary enterprises, amounts of produce 
marketed and amounts of various energy intensive imports 
bought, farm buildings and machinery, fuel use 
characterisics, straw production and burning, the use of 
and attitudes to renewables, and various attitudes on the 
future of farming and energy related matters.

Although conceived as blocks of questions in the 
above manner, actual questionnaire layout reflected the 
need for a flow and ease of questioning. The philosophy 
of the design, at this stage, admitted to the lack of 
perfect knowledge of the eventual usefulness of each 
question, and was therefore prepared to include more data 
than might be needed for the main survey areas, in order 
to ensure that all avenues of enquiry had been covered 
for initial data processing and questionnaire redesign.

The Household Questionnaire-

¿¿4.2 Data on Inhabitants-

It was felt that it might be useful to have a 
complete profile of all household members, so that such 
factors as travel to work might be incorporated into 
energy US6f and s0 that data on age, occupation and 
0rigins can be set against attitudinal factors and other
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variables. For this reason data was collected on the 
age, sex, relationship to the head of household, 
occupation and travel to work of each household member, 
and origins and vehicle ownership for the household as a 
whole. Most of this data was presented in a tabulated 
form for compactness, whilst problems regarding the 
difficulty of computer processing, where several 
variables describe the same factor and many zero values 
must be input to account for the household with the 
maximum number of members, were accepted at this stage.

Various problems were encountered with data on the 
individual members of households in the Dunecht survey. 
A problem encountered at the processing stage was the 
repetitive strings of nil values needed for missing 
individuals in each household with fewer than the maximum 
number of people. However, this is mainly a problem of 
the time-consuming nature of data processing, and no way 
round it was found for the main survey areas.

Another problem in the pilot was the lack of a 
variable recording the education level of respondents, 
^formation which is by no means always obvious from 
their occupations. Thus this information was included in 
the main surveys. However, it was felt that to ask this 
Gestion directly was often likely to lead to offence, so 
that the information was often gleaned by inference. 
Thus whilst not being entirely hard and objective data, 
the question on education level does help to record 
lnsights into peoples' level of knowledge on particular
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subj ects.

A further addition to the personal data is the mode 
of travel to work, backing up the data on miles travelled 
to enable an assessment of fuel use, for whilst car 
ownership was recorded in the Dunecht survey, this does 
not necessarily reflect the travel mode of each 
individual within the household.

Finally, to help identify any bias arising from the 
individual answering questions on behalf of the 
household, the main area questionnaires recorded which 
member of the household it was who provided the 
responses.

¿.4.2.2. Data on the Dwelling Unit-

The energy use characteristics of a house are obviously 
dependant on its size, type and structure, and so these 
factors were incorporated into various questions to 
ascertain house age, number of floors, whether the house 
was detached, semi-detached or end terrace, mid terrace, 
0r a flat, construction materials, details of any 
insulation or any grant aiding which might have been 
received, house tenure and number of rooms. Additional 
bastions were incorporated to ascertain the general 
h°nsing standard, by asking about access to certain 
services such as mains electricity, mains drainage, 
bathroom and telephone, although in retrospect it is
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doubtful whether this data says much about housing 
standards, since some services are universal, whilst 
others, such as connection to mains drainage, have little 
bearing on housing quality. Satisfaction with housing 
standard was also investigated through a question on 
desired improvements.

Partly in order to be able to pick up any large 
areas of land not included as farms, but also to gauge 
ability to use renewables or store large quantities of 
wood or peat, a series of questions were asked about land 
area and use, and details of any outhouses associated 
with the dwelling unit. Due to the limited usefulness 
and time consuming nature of these questions, they were 
simplified in structure and content for the main survey.

For the main surveys, tenure was extended to 
facilitate the recording of the names of landlords. 
Types of services such as water and drainage were 
expanded to include private supplies, and construction 
^ata was increased to include floor insulation, 
Percentages of different floor coverings, glazed areas 
and percentage double glazed. A value for the level of 
v®ntilation and values for exposure and house aspect were 
also included.

An additional variable, the gross floor areas of 
filings, was also included in the main questionnaires.
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Adding these construction statistics enables a more 
complete calculation for heat loss to be made, which can 
be compared with fuel use and correlated against other 
factors. The most spurious of these new figures is 
probably the loss of heat through ventilation. This 
figure was arrived at by assuming that only ventilation 
not occasioned by the deliberate opening of windows and 
such like need be considered, and thus the general 
standard of such features as windows and doors was taken 
into account, together with residents complaints about 
draughtiness and such factors as whether new windows have 
recently been installed. This data was used to produce a 
simple three tier assessment of ventilation values. 
House exposure is then simply entered as either exposed 
°r not exposed by a simple visual assessment of the 
siting.

An extra item was included under 'desired 
improvements' to the house, to help distinguish between 
Planned improvements and those which are extremely 
Ur»likely to take place, perhaps because of tenure or high 
cost.

Data on Energy use

Energy use data was also put in tabulated form, 
lJndsr the categories heat, cooking, power, total amount 
Used, unit of measurement and occasional use, for the
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following energy types; mains electricity, home 
generated electricity, mains gas, bottled gas, coal, 
smokeless fuel, commercially bought peat, home cut peat, 
commercially bought wood, home cut wood, heating oils and 
paraffin, so that a full picture can be ascertained of 
energy use within the home.

Again this tabulated form created some problems in 
data processing, due to the need to duplicate large 
numbers of missing values for fuel types which are not 
used, yet the structure of these questions proved 
basically satisfactory. Additional questions were asked 
on the number of open fires available and used, the 
Presence of solid fuel stoves, and the presence of and 
desire for central heating systems. No section was 
included allowing the surveyor to indicate the degree of 
confidence in the accuracy of figures for each household, 
and missing values, as opposed to genuine nil values, 
also presented a problem in processing.

The gathering of basic data on energy use remained 
m°re or less in the same format for the main surveys as 
^°r the Dunecht survey* with tabulated information for 
different fuel types. Though this approach facilitates 
initial recording of data, the same problems exist as for 
data on individuals, that of repetitive strings of nil 
Values.
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Data on the presence of central heating was expanded 
to include the number of radiators or other heating 
points served, as a rough measure of the extent of the 
system, as to whether it provides merely background heat 
or is a full installation. Preferred heating type has 
also been extended, with one item asking whether any 
change has been considered, and another asking for 
preferred heating type irrespective of any constraints 
which might prevent its installation. These two 
questions separate genuine intent from preference and 
allow the deeper questioning of those individuals, such 
as tenants, to whom the question of preferred heating 
type may seem irrelevant.

Finally, the letter giving permission to access 
Hydro Board accounts was not included in the Lumsden 
survey. It was found that of all the fuels, electricity 
use was the most easily and accurately obtained without 
Resorting to this measure. Electricity bills seem to 
have a habit of sticking in people's minds. Although 
this letter caused few real problems in Dunecht, its 
signing was time consuming and difficult to explain to 
respondents, whilst a few of those surveyed took 
exception to being asked to put their name to anything.
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5.4.2.4. Attitudinal Data-

Some of the attitudinal questions, such as on local 
fuel supply problems, exist merely to pick up any 
important information which might have been overlooked up 
to this point, and the answers, though potentially 
interesting in the individual case, bear little 
statistical significance. Other questions were concerned 
with attitudes to expending physical work to gain fuels 
rather than paying for them, and the perceived 
opportunities to do so, consideration of the local use of 
renewables, and feelings about existing and potential 
local energy autonomy under different conditions.

A grouped list of questions were asked at the end of 
the questionnaire, aimed at gaining opinions on the 
future course of various issues, such as the use of 
different fuel types, including renewables, the cost of 
living, oil prices, the level of technological diffusion, 
and political change, all on a national, rather than 
i°cal scale.

Many of the attitudinal questions could not be 
exPected to produce a full data set, since many people 

^ave no strong opinion on some issues, whilst strength of 

°Pinion could not be measured accurately, so that strong 

Verbal views given to the interviewer often have more 
Slgnificance than statistical averaging of simple yes/no 

results. with this in mind, some adjustments were made 
the attitudinal section of the questionnaire prior to
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conducting the main survey.

The domestic questionnaire form for the pilot area 
is included as Appendix 7.

In the Dunecht survey, the most difficult 
information to gather in an objective fashion and make 
meaningful conclusions about, was attitudinal data. Many 
questions produced little response, and when they did 
attitudes were seldom simple enough to be categorised 
easily and still retain their interest. Nevertheless, 
the fact that interesting responses are received from 
some people to some of the questions makes them well 
worth including this section, and only one question was 
removed after the pilot survey. Several new questions 
have been included, on political change, the importance 
of energy saving, multiple occupations, commuting, voting 
habit and attitudes to incomers. Little information was 
collected on many of these issues, though they provided 
some prompting to the surveyor on interesting lines of 
Questioning for those respondents with strong opinions. 
and encourage more interest in other questions.
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^« 4.3. The Agricultural Hold ings Questionnaire-

5.4.3.1« Basic Farm Details-

The questions on basic farm details aimed to achieve 
a full picture of the position and land area farmed, the 
ownership of the farm and status of the farmer, the 
relationship of any multiple holdings to one another, the 
uses to which all the land in an area is put, and any 
subsidiary enterprises which might be run through the 
farm, as well as livestock stocking levels. It was hoped 
to be able to draw direct statistical inferences as to 
the energy resource characteristics of farms for wider 
areas from this data.

As with various other sectors of the questionnaires, 
simplification of categories for adequate coding proved 
difficult, and a balance must often be struck between the 
need for absolute accuracy, and the need for relative 
simplicity in categorising data. This would apply, for 
instance, in assessing the numbers of cattle, where 
Variations occur of type, age, use, length of stay on the 
farm and seasonality. For the most part, however, a 
clear enough picture of farm characteristics can be built 
UP in this way.

The pilot agricultural survey did not reveal as much 
as had been hoped about farming characteristics, which 
c°uld be used statistically. This was largely due to the 
fact that only two farms were located within the area,
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but also due to the difficulty of eliciting much of the 
information.

A basic change in survey procedure was made, 
reversing the order of questioning to put the 
agricultural survey first, so that if information becomes 
harder to glean as more and more time is taken, the small 
percentage of household questionnaires involving farmers 
will suffer, rather than the agricultural questionnaires 
themselves.

Details of land area and tenure, apart from the 
Edition of some missing values, remained the same as in 
the pilot survey.

Employment on the farm was extended to distinguish 
between family and other employees, between part-time and 
seasonal employment, and allowed for the inclusion of 
hours worked for part-time workers.

Land use characteristics were extended to allow for

an explanation of how woodland and forestry on the farm
Xs utilised, if at all. Thus the questionnaire
concentrates more heavily on perhaps the most likely
s°urce of under utilised rural energy resource. However,
the tendency for much of this woodland to be retained by
lar9e estates, often based outside the survey area, means 
t ha  ̂ 3 large acreage of such woodland may be omitted.
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5.4. 3.2. Production Characteristics-

A set of questions were designed to record both 
amounts of produce and the purchase of materials such as 
feed and fertiliser, so building up an input-output 
picture of biological energy sources. Most of this 
information was tabulated, but several separate questions 
deal with straw production and burning practices, and 
additional data might have been sought on the use of 
on-farm woodland. Tabulated questions here also included 
data on markets used, in an attempt to tie down the area 
°f influence of the farm, though the rigid structure of 
this data collection proved difficult to handle, and a 
simpler, more flexible single question was later 
introduced.

Again, simplifying classifications proved to be a 

difficulty, such as in ascertaining the types of chemical 

fertiliser used, but some accuracy can be sacrificed in 
the interests of being able to process data in a 

meaningful way.

For the main surveys several items were added under 
the category of produce, notably the inclusion of 

SeParate categories for beef and dairy. Marketing was 

rationalised to be less time consuming in the field, 

whilst the same applied to purchases of feed, fertilisers 

9nd the like.
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Straw production, thought of as potentially a very 
important factor in rural energy use, was detailed rather 
more in the main surveys, though perhaps producing rather 
negative results in terms of demonstrating the existence 
of an energy resource.

5.4.3.3. On-Farm Capital-

Capital investment on the farm, aside from the 
dwelling unit, was dealt with under three sections; 
buildings, fuel using plant and non fuel using plant. 
Again this information was tabulated, for buildings by 
use, dimensions, construction, insulation, age, heating 
type, fuel use, lighting and location, and for plant, for 
each type of machine, by make, model, horsepower, age and 
fuel use. Considerable simplification of these sections 
was required for the main areas, due to the difficulty, 
and in many cases impossibility, of achieving this level 
of detail on buildings and plant.

Information was also gathered on the amount of fuel 
used on plant each year, for which more accurate figures 
were generally available.
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5.4« 3.4« Attitudinai and Renewables Data-

Aside from questions ascertaining any present use of 
renewables on the farm, the attitudinal questions were 
concerned with gleaning the farmers' views on the use of 
renewables such as wind, solar, animal wastes and fuel 
crops, both in terms of their viability on their own 
farm, and their applicability to farming in the wider 
context. A few additional questions ascertain the
farmers' perceptions of the future of such activities as 
burning straw in the field, the use of chemical 
fertilisers, the general intensivity of farming, and the 
improvement of hill land.

The seeming duplication of questions on renewables 
in the local and more wide contexts is useful, in that it 
differentiates between lightly held opinions and serious 
views on the respondents personal use of the resources. 
As well as simple codeable answers, many of the
attitudinal questions put to farmers produced interesting 
°Pinions and pieces of knowledge on wider topics, which 

add to the researchers knowledge of the local area.

The layout of much of the section on attitudes was 
condensed somewhat for the Lumsden and Cuminestown 
surveys, whilst several questions were added to the final 
Üst of attitudinal questions, which was altered to allow 
0̂r 3 more sensitive response to peoples attitudes, 
living more weight to the strength of particular
°Pinions.
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The additional attitudinal questions included those 
on friction between farmers and conservationalists, 
changes in large estate ownership, organic and mixed 
farming, number of field operations and number of small 
food producing plots. They were added for comparison 
with the final Delphi scenario results, to be able to 
compare the views of farmers with those of the panel of 
experts.

Both agricultural and domestic questionnaire forms 
for the main areas are included as Appendix 8.

j« 4,4, Questionnaire Design for S,P,S,S, Processing-

Though it is important in questionnaire design to 
consider the ability to transfer data onto a workable 
data file for processing, in this case through the 
S.P.s.s programme, it is equally important not to allow 
the need for statistical interpretation to override the 
desire to acquire certain types of information which may 
n°t be easily coded for computer interpretation.

Thus no questions were excluded from the 
Gestionnaires specifically for reasons of difficulty of 
c°ding, whilst those questions where a simple, 
clGsifiabie answer was more or less guaranteed were 
assigned coded numbers on the printed form, and other 
Gestions were allotted space for eventual coding, once 
the range of answers had been ascertained. Although
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usual practice is to transfer data first onto coding 
sheets before entry onto computer data files, these 
surveys were designed such that all coding could either 
be carried out as questions were asked, or completed 
later on the same form. Thus coding could be transferred 
directly onto the mainframe via a keyboard, avoiding both 
transfer onto coding sheets and card punching.

Due to the complexity of coding in the pilot survey, 
and to the low sample size of two, the agricultural 
holdings survey was not processed by computer in this 
instance, since many basic problems remained in the 
design. Computer processing was however used for the 
agricultural questionnaires in the two main surveys.

The household questionnaire data for the pilot 
survey, on the other hand, was entered onto disc and run 
through S.P.S.S. A data file was set up containing 
numeric data at nominal, ordinal and ratio levels, with 
various problems remaining, such as the need for the 
input of repetitive strings of zeros for up to 6 
additional persons in houses with fewer than 7
inhabitants.

Additionally, problems arose in the pilot study in 
the treatment of the dwelling unit, rather than the 
lndividual, as the unit of analysis, in trying to 
ascertain statistics on such things as occupation, where 
^ere may be more than one person in employment in each 
k°Usehold. From this point of view, ratio level data 
hava the advantage of being able to be aggregated for
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several similar variables, whilst nominal and ordinal 
level data have advantages when it comes to 
cross-tabulation and other statistical procedures.

A brief description of the capabilities of the 
S.p.s.S. package is included as appendix 10.

5.5. Results of the Dunecht Pilot Survey-

5«5.1  ̂ General Characteristics of the Survey Area-

In spite of Dunecht’s proximity to Aberdeen and to 
the commuting settlement of Westhill, the indigenous 
population was found to be extremely parochial in many 
ways, and the commuting influence was quite low, with 
only one in six heads of household travelling over three 
Niles to work, and two thirds of regional origins being 
in the North East. The proportion of retired people is 
also quite high, with over 20% of households occupied by 
single retired people.

Employment in manual jobs in agricultural and 
forestry related occupations is high, making up a third 
°f head of household employment. Owner-occupation of 
h°uses is low, at 18%, whilst only one house is rented 
from the local authority, and the housing stock is 
generally old, with 80% of dwellings being over 70 years 
01(3 and no new building presently in progress.
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These features, reflecting the general nature of the 
village and environs of Dunecht, are a product of one 
overriding feature, the extreme level of control exerted 
by the main estate in the area, centred near to Dunecht 
village. Some 80% of all the housing stock in the area 
is owned either by this estate or by the adjacent estate. 
Some 60% of head of household employment (or
ex-employment in the case of the retired) is on one of 
these estates. As all the land in the area, aside from 
the few owner-occupied houses, is estate owned, building 
control is their sole prerogative, whilst with over 80% 
of households using wood as a main fuel source, the
estates have an effective monopoly on the supply of this 
resource as well.

Perhaps more significant than these statistics is 
the generally feudal state of mind of the majority of 
Dunecht's inhabitants, and their ready acceptance of this 
extraordinary level of control exerted over their lives 
by one man. An example of the reliance of the
Respondents on the estates can be seen in answers to a 
Question regarding the area's ability to be
Self-sufficient in fuel in a crisis situation. Most 
Peopie were confident in the estate's ability to organise 
rePlacement fuels on a large scale, whilst others found 

impossible to envisage a situation in which they would 
be able to gain wood for themselves, forthe estate, they 
felt, would not let them. Even when this question was 
Pushed to the extreme, and they were invited to imagine 
Dunecht as the only surviving village in a global nuclear
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war, they still replied that they would be unable to get 
their own timber for fuel, since the estate would prevent 
them.

.More than any other factor, landlord control 
influences the environment of Dunecht, in a stronger way 
than would ever be the case with a large monopoly 
employer in an urban environment, and exerts far more 
control than the Local Authority.

5•5.2. Survey Application-

The survey was applied in June of 1984 to 94 houses 
in an area delineated by having Dunecht as the nearest 
settlement with at least one shop, so that a reasonable 
catchment area could be achieved in which most people 
looked to Dunecht as their immediate centre for basic 
services. In practice however, old estate boundaries 
hold greater sway than proximity to the village, and many 
People living within one kilometre of the village, yet 
living on land owned by the estate adjacent to Dunecht, 

not see themselves as being part of Dunecht at all.

Within this area (see map in Appendix 9), 66
households produced completed questionnaires, only two of 
which were also farms, 4 households refused to cooperate, 
and in 24 households there was no response from at least 
°ne return, giving an around 70% success rate for the 
Survey as a whole. Although only 2 farm surveys were
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completed, this represents a 100% return of farm
management units centred within the area, though only 
some 60% of the land area was covered.

Because of the general fear and respect in which the 
landlord is held, it was not felt to be appropriate to 
contact the agents of the estate, albeit that this policy 
did cause some slight problems of access to certain parts 
of the estate. Many respondents expressed surprise at 
the lack of contact with the estate, and seemed to feel 
it strange that anyone should seek to question them 
without being in the pay of, or having the permission of 
the estate. Yet the ability to assure them that this was 
not the case increased the accuracy of some of the 
answers, and some respondents outspokenness in their 
opinions.

Of the houses surveyed successfully 32 were in the 
confines of the village as delineated by the District 
Plan, whilst 34 were outside, a slightly higher 
Proportion of dispersed population than the average for 
the District, The refusal rate was relatively high, yet 

the 4 refusals, • only 2 showed complete lack of 
interest, the others had genuine reasons for refusal, and 
the erratic and individual nature of these refusals makes 
i<: apparent that the 6% refusal rate cannot be taken as a 
statistical norm.
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5.5.3. General Results from the Pilot Household Survey-

Cross-tabulations were carried out between 
occupation of the head of household and variables for the 
total energy used per household in MJ, the presence of 
different kinds of central heating, the use of solid fuel 
stoves, the use of wood as a major fuel, the presence of 
loft insulation and attitudes to self-sufficiency.

Problems arose in the pilot survey in comparing 
social status with total energy use because of the vast 
range of quantities used and the unique nature of each 
data point, making cross-tabulation unrealistic. 
Relatively easily categorised items such as the presence 
of central heating are rather more illuminating however, 
showing a strong correlation between central heating and 
social staus as measured by occupation. 95.8% of retired 
People have no central heating whatever, as against 22.2% 
°f professional and executive categories, whilst fewer 
than a third of total households have central heating, 
and of those that do over half have just background heat 
from a solid fuel open fire.

The view of solid fuel cooking stoves as traditional
rural implements is shown to be wide of the mark, since
none of the retired or agricultural/forestry workers use
them, and 7 of the 8 found were owned by households in
the professional and executive, clerical, self-employed
°r farmer categories. The general picture is of a high
c°rrelation between class, housing standard and standard
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of fuel-burning equipment, and a tendency for the 
commuter, professional classes in the area to put a 
higher value on some 'traditional' rural pursuits than do 
the indigenous population.

No significant correlation can be observed between 
attitudes to self-sufficiency and occupation, and 
distribution is more or less normal across the different 
attitudes. 60% of people believed that total energy 
autonomy for Dunecht could be achieved either easily or 
with only a few difficulties, and only 29% felt that 
hardship would be considerable or that such a move would 
be impossible. The recording of this data was open to 
much interpretation and surveyor prompting, but the 
general result is one of a high confidence in the 
adaptability of the area to change and enforced 
self-sufficiency.

Cross-tabulations were also made of the way in which 
occupation relates to the existence or absence of roof 
insulation, controlling for house tenure. Of the very 
low number of owner-occupied houses, 10 had some form of 
roof insulation, whilst of the 54 rented homes only 15, 
0r 28.3%, had any form of roof insulation. Moreover, two 
thirds of owner-occupied houses belonged to the small 
number of professionals and the self-employed. So just 
°ver a third of dwellings had any insulation, with the 
situation being particularly bad in the case of houses 
°wned by the estate, where only the houses occupied by 
the manager of Dunecht Home Farm and the clerk to the
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estate have any loft insulation. Additionally, many
people had no idea whether or not there was any
insulation, since they had nothing whatever to do with
the maintenance of their housing.

Dunecht showed much stronger correlations between 
occupation and material factors such as central heating 
and loft insulation than the two main areas, and this can 
largely be put down to the effects of housing ownership 
and employment by the local estates. In non-material 
variables such as attitudes to self-sufficiency Dunecht 
showed no such correlations, but a generally higher 
confidence in their own autonomy than either Lumsden or 
Cuminestown.

In terms of travel, only 11 of the 66 heads of 
household travel more than 3 miles each way to work every 
day, whilst 33 of the remaining 108 people exceeded this 
distance, most of whom were schoolchildren. The majority 
°f the people who commuted travelled to Aberdeen. Most 

the commuting heads of household belonged to the 
Professional and executive and self-employed strata. 
Determining transport fuel use in the pilot survey proved 
impossible, since a variable for mode of transport was 
n°t included. This omission was rectified for the main
Surveys.

It was hoped that the regional origins of families 
w°uld give some idea as to mobility and attitudes, but in 
the end this data proved less simple to interpret. 48 
families had their origins within the North East, and 19
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in the vicinity of Dunecht, and though it may be true 
that many people have limited horizons and see their 
whole lives revolving around the estate, those with their 
origins in the North East are spread throughout the 
occupation classes, with some entrenched estate workers 
having moved from other estates and other regions, albeit 
often with a rather more critical eye towards authority 
than their indigenous counterparts.

47 of the 66 respondents had lived in their present 
accomodation for more than 5 years, and had this data 
been extended to include the recording of longer periods 
°f stay, this would have been a useful indicator of 
mobility, since many of the older inhabitants of Dunecht 
have lived in the same house all their lives.

The age of the housing stock was cross-tabulated 
against the presence of roof insulation, and a strong 
correlation was found, where new houses almost all had 
insulation, whilst older houses, which are in the great 
majority, exhibit a strong correlation between insulation 
and their ownership by particular estates, for whilst one 
estate has insulated the lofts of all its houses, the 
other has done so only for its most senior employees.

Central heating, when cross-tabulated with house 
a9e, produces the same sort of correlation as the above, 
though there are some older estate houses with background 
bating from solid fuel open fires.

320



Attitudes to the use of renewables were interesting, 
there being some confidence in the spread of those items 
which were considered to be 'high tech.', with 27 people 
feeling that solar power would increase in importance 
over the next ten years, and 26 people having the same 
confidence in wind, as compared to 17 and 21 households 
respectively who had no confidence in these resources, 
and 22 and 19 people respectively who felt that their 
knowledge was not great enough to be able to express an 
opinion, so that awareness, as well as confidence, was 
quite high. Other sources were seen as less likely to 
succeed, particularly those which are perceived as being 
less socially desirable, with only 3 people feeling that 
methane produced from waste would be a viable energy 
source, as against 5 who felt that it would not, and 58 
with no knowledge of the subject, many of whom expressed 
considerable incredulity at the very concept of using 
animal wastes as fuel within their homes (Table 5.3.).

Table 5.3. Attitudes to Renewables, Dunecht.

Numbers of people having 
confidence in different 
renewables
Increase No Don't
in use increase know

Wood 21 29 16
s°lar 27 17 22
Wind 26 21 19
Ethane
deration

3 5 58
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A strong general feeling is one of begrudging 
acceptance of technological innovation as a leading 
force, albeit that such change is not thought likely to 
affect Dunecht. Thus 32 people thought that reliance on 
electricity nationally would increase, with only 17 
disagreeing with this, whilst only 21 people felt that 
their own major fuel source, wood, would increase in use 
nationally.

The extent of the expectation of increasing
technical diffusion is exhibited by the fact that 48
people expressed the opinion that most homes would own a 
computer in the next ten years, even though not one of 
these people felt that their own households would have 
one.

The overall picture arising from the household 
survey is one of a fairly high level of self-sufficiency, 
hatched by an even higher opinion of their own individual 
Present and potential self-sufficiency, and a high degree 

confidence in both the stability of Dunecht and the 
instability of the rest of the world. All these factors 
Produce generally favourable conditions for the 
establishment of a degree of local energy resource using 
techniques and the replacement of imported resources, 
wH h  the main restrictions on such movement being the 
la°k of individual capital availability, the extreme 
*evel of control by and reliance on the landlord, and the 
t°P heavy age strata of the inhabitants.
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5.5.4. General Results from the Pilot Agricultural 
Holdings Survey-

In terms of agriculture, no pattern of family 
farming exists, and of the study area of around 2000 
hectares, only 1250 hectares are farmed by units centred 
within the study area, the rest of the land areas, other 
than roads, buildings and gardens, is either farmland 
operated by a management unit centred outside the area, 
or woodland and parkland under the direct control of the 
Dunecht estate. Indeed the 1250 hectares only includes 
two farm units, and thus cannot provide statistically 
significant conclusions which can be extrapolated over 
wider areas.

One of the farms in the sample encompassed some 1140 
hectares, and was owned by Dunecht estate, the other was 
110 hectares, and was rented from the same estate. The 
former farm employed 13 people full time excluding the 
manager, whilst the latter was worked entirely by the

The land use details for these farms showed around 
90% of the land to be rotational arable, 1 to 3% roads 
and buildings and 7 to 9% rough grazing land. No other 
Uses were identified, since all woodland is managed
j  *lrectly by the estate and doesn't fall within either of 
t*le farm units. The larger farm runs some 1500 ewes, 400 
beef cattle and 400 young stock, whilst the smaller has 
3ust 118 beef cattle. No other livestock or any
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subsidiary enterprises are run by either farm, making the 
data from this area relatively simple to assimilate under 
these categories.

The horizons of the larger farm included produce 
marketing in places as far afield as Perth, whilst the 
smaller farm marketed no produce further than Aberdeen.

Purchased feedstuffs amounted to only 10kg per 
animal, mainly in terms of minerals, whilst fertiliser 
amounted to some 450kg/hectare. Small amounts of straw 
are sometimes purchased by both farms, none is sold or 
produced inexcess of requirements.

The smaller farm had 1600m2 of utilised farm 
buildings of various sizes, construction and use, none of 
which had any significant energy requirement in their 
running costs. On the larger unit there were 15 original 
farm units amalgamated, with all their associated farm 
buildings, making the task of accurate documentation by 
discussion all but impossible.

The ownership of farm machinery on the larger unit 
ex tended to 14 tractors, 3 combines, several grain 
driers, together with 3 road vehicles, pumps and numerous 
Pieces of unpowered field machinery. The smaller unit 
bad only one tractor.

Attitudes to the use of renewables were generally 
favourable, though no thought had been given to the 
installation of such schemes on the respondents' own 
farms. Animal waste use and fuel cropping were seen as
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uneconomic, and likely to remain so in the context of the 
relatively productive arable land of Dunecht. On the 
estate Home Farm some interest was shown in the future of 
wind as an energy source, though it was not seen as being 
economic at present, whilst no interest was shown in this 
technology on the smaller farm. Both farmers were united 
in seeing most renewable sources growing in importance 
nationally, straw burning and the improvement of hill 
land decreasing, and the general level of intensiveness 
of farming and the use of chemical fertilisers, under 
much regretted increases in environmental pressure group 
influence, also going down.

There was generally a high enthusiasm for modern, 
high tech farming methods, though without supreme 
confidence in their continuance, an interest in energy 
saving techniques, and an approach which sees their 
business as separate from the life and functions of the 
village, unlike the parallel organisation of the estate 
itself.

5. Domestic Energy Use Data-

Reliance on the local energy resource in Dunecht is
with 75% of households using wood as a main fuel

Source, and 26.5% of all energy used aside from mains
electricity being in the form of wood. It is also
n°table that almost all wood used is purchased from
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either estate.

A problem arose in trying to assess heat loss values 
from the pilot survey, since no values were taken for 
floor area, ventilation rates, glazed area and the 
presence of double glazing, and these calculations were 
omitted from the Dunecht survey.

The general picture is of quite high use being made
/of local resources, but a high total energy use due to 

poor housing standards, poor insulation, and inefficient 
fuel burning appliances, and it is in the field of direct 
domestic energy saving that the greatest progress can be 
made towards a higher level of local energy autonomy.

The number of fires used, the presence of a solid 
fuel stove, the presence of central heating and the 
preferred heating types give a picture of standards, 
attitudes and preferences in domestic fuel use. Of 
Particular note is the homogeneity of some of the 
results, with only 4 out of the 66 households using no 
open fires on a regular basis, and other heating types 
Paling into insignificance beside this source.

As to preferred heating types, data was incomplete, 
since it was not collected where no desire to change was 
specified. Cross-tabulations were carried out to 
determine whether occupation or age had any bearing on 
Preferred heating types, and it was found that those who 
desired change were mainly young manual workers, with the 
°ld being happy with open fires, and the professional and
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self-employed categories being in the financial position 
to have already installed the heating equipment of their 
choice. It is worth mentioning in this context that gas 
may well have been specified as a preferred fuel type if 
people had felt able to identify it as an option for 
Dunecht, and greater uniformity in answers was achieved 
in the main surveys by asking specifically for preferred 
heating type whether or not it was presently available in 
the area.

-5.5.6. Agricultural Energy Use and the Energy Resource-

Imports of energy into the area in the form of 
fertiliser and feed have been discussed in section 5.5.4. 
above, as has the use, or lack of use, of energy in farm 
buildings. Agricultural machinery energy use per annum 
amounted to some 70 litres/hectare for the larger unit, 
55 litres per acre for the smaller, or some 
3500Mj/hectare and 2250MJ/hectare respectively. No 
figures were recorded in the pilot on fuel used in grain 
drying.

Though straw production averages around 0.7 tonnes 
Per hectare over the whole area, none is wasted and there 
is generally felt to be a shortage rather than a surplus, 
with some small amounts bought in. All straw produced is 
used for bedding or feed supplement, leaving no potential 
as a fuel resource at present. There is no peat in the
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area, and aside from the universal resources of wind and 
solar power, which the estate, with a high availability 
of capital and control over so much of the land and 
housing, is in a good position to utilise or encourage, 
the most plentiful source of energy in the Dunecht area 
is timber.

With large amounts of deciduous woodland in the area 
under the control of the estate, which is managed fairly 
intensively for timber without clear felling, good use is 
made of this resource, and around 4 million MJ of energy 
is distributed or sold annually, the productive capacity 
of some 40 hectares of this type of woodland.
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6.1 General Survey Results, Lumsden-

6.1-1 Results of the Domestic Survey-

6.1.1.1. General Area Characteristics-

In order to test the potential for a greater degree 
of rural energy autonomy, it is important to look at both 
the capabilities of rural people in being able to take 
advantage of opportunities for self sufficiency, and at 
some of the material conditions which affect both present 

and potential energy use. Section 6 endeavours to do 
this, whilst succeeding sections look in more detail at 
energy use and resource characteristics.

A feature of Lumsden making it suitable as a survey 
area is the spread of domestic tenure types. It was 

established from the 1981 census data for enumeration 

districts that there was a reasonable split betwen 
council tenants, private tenants and home owners (1). 
However, perhaps the main reason for the large number of 
council dwellings, (40% of houses in the Lumsden survey 
area are local authority, the same number as are 
owner -occupied), is that many of them are small, single 
Person houses for the elderly, reflecting an extreme skew 

■̂n the population towards the over 65's, and the low 
level of local employment available. Yet this last 

feature, far from being unusual, perhaps confirms 
Lumsden's representativeness as a remote rural community
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(2 )  .

Service provision in the area is low, with one 
village shop (and another craft shop some 3 miles from 
the village) , one public house, one garage and a fencing 
supplier. The Post Office has recently been the latest 
of 7 shops to close down, reducing service provision and 
its attendant employment to a minimum.

6.1.1.2. Survey Application-

The Lumsden survey was carried out over four weeks 
in March and April 1985, and covered some 150 dwellings, 
of which 113 were successful surveys, 32 were 

unobtainable after one return, and 5 were refusals.

It was decided that one return would be sufficient 
for houses where no response was received at the first 
visit, in line with accepted survey procedures, though an 
exception to this was made in the case of farms, where 
two return visits were made to ensure a high percentage 

coverage of land area.

Of the 113 completed domestic questionnaires, 72 
were carried out within the boundaries of Lumsden village 

(us shown on map, Appendix 9) , whilst 41 were from 

°htside the village, of which just under a third were 
furrns. These figures reflect a slightly lower percentage 
°f People living outside the village than suggested by
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the District Plan. This is perhaps the result of a 
higher success rate in carrying out surveys in the 
village, where so many householders are retired and more 
likely to be found at home.

All in all, the number of refusals is quite low at 
around 4%, and the overall 75% success rate for domestic 
questionnaires is quite adequate. (3)

6.1.1.3. Population Characteristics-

In terms of population characteristics, Lumsden has 
a high proportion of retired people, at 22.85%, the 
highest number in any age category, whilst 43% of the 
houses in the area are occupied solely by one or two 
people over 65 years old. 80% of the single person 

dwellings, and 50% of the two person dwellings are 
occupied by the old. Only 39% of dwellings are 'family 
houses' or other units with three or more inhabitants, 
(see Table 6.1.). This picture is even more pronounced 
within the village boundary itself, where 50% of houses 
are occupied by the retired only. Such a picture, of a 
Population skewed towards the old living alone does not 
lend itself to thoughts of individuals taking action over 

Procuring their own fuel supplies.
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Furthermore, over half the houses have no person in
them with an 
figure is over 
the village.

occupation. 
60%, and very

In the vill
few jobs are

age itself this 
to be found in

Of the heads of household who do work however, 
farming and forestry is the largest employer by far, with 
29% being farmers and 20% being agricultural or forestry 
workers. 18% are other manual workers, skilled or 
unskilled, 14.5% are professional or executive classes, 
14% are self employed in some capacity and 2% work only 

part time. (see table 6.2.)

Table 6.1. Percentages of Houses with Different Numbers 

of Occupants, Lumsden.

Persons 1 2 3 4 5 6 7

%of houses 23.0 38.1 13.3 17.7 4.4 2.7 0
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Table 6.2. Employment Details, Lumsden.
(Percentages of heads of household and of the total 
survey population having different occupations)

Occupation Head of 
Household %

Total %

Farmer 14.2 8. 30Farm worker 10.6 4.76
Other manual workers 6.2 2.54
Skilled manual 2.7 2.54
Clerical 0.9 1.29
Professional and exec. 8.8 3.79Self employed 7.1 5.08Part time 1.8 4.44
'Housewife' 1.8 11.74
School or student 0 16.82
Unemployed 4.4 1.57

The withdrawal of most forms of employment has
farming, albeit that manning levels have gone
drastically here as well, as by far the grea
contributor to head of household employment, though the 
extremely large number of retired heads of household is 
the only thing that prevents Lumsden being an 
unemployment "blackspot".

The average miles per day travelled to work or 
education by the survey population of 288 is 4.3, the 
average for working heads of household is 11 miles each 
Way, 8.6 and 22 miles respectively for the round trip. 
These statistics for travel can be broken down further by 
°ccupations of working heads of household. The bulk of 
travelling is carried out by the professionals, all but 
°ne of whom travel daily to Aberdeen, a distance of 40 
mtles, or further.
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Perhaps the most significant feature of employment 
and travel in the area is that, aside from farmers and 
agricultural workers, and the self-employed working from 
home, only three people work in the Lumsden area, all the 
rest must travel at least 7 or 8 miles each way to Alford 
daily for work. Of these three employed locally, two 
work part-time at Kildrummy Castle, the third is a 
professional working from home. Even the self employed 
often do not truly work from home, but must travel to 
different destinations daily, whilst only nominally being 
based in the area.

Two farmers and two agricultural workers also travel 
to work some distance, but farmers make up 46% of local 
jobs, farm workers another 29%, and the ' self employed 
22%, and if farmers are assumed to also be self employed, 
then 68% of local employment can be considered to be self 
employment.

So the local employment and resource base is still 
firmly fixed in the agricultural sector, with no other 
category being fully 'local' even though individuals may 
have lived in Lumsden all their lives.

One further point about employment, the 'resource 
base' as it were, of able bodied unemployed, stands at 

0r>ly 5 persons, and this can be said to represent the 
hulk of available additional labour.
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In terms of regional origins, 80% of the people 
interviewed originated in the North East, and of the 
incomers, the bulk fall into the professional and self 
employed categories. Indeed all those listed as
professional and executive come from outside the region, 
and resentment of these people by the indigenous 
population is quite strong in some quarters.

Turning to the actual dwelling units, the balance of 
tenure types in Lumsden is quite even, with 46 owner 
occupied houses, 45 council houses and 22 private rented. 
Of the owner occupied houses, 22 belong to the 31 
farmers, professionals and self employed. 100% of
professionals, 75% of the self employed and 57% of
farmers live in their own houses, whilst only 27% of
retired people do. Within the village itself, 63% of
houses are council owned, and only 3% private rented; 
four of the houses in the village are ex council houses 
Purchased by their tenants.

Old people are rather over represented in council 
h°uses, whilst private houses are mainly owned by those 
ih the 25-45 age group, with fewer of the retired in 
their own houses. Thus, whilst 51% of the over 65's are 
fu council accomodation, and 34.7% own their own house, 
only 12.2% are in private rented accomodation, perhaps 
reflecting the preponderence of accomodation 'tied' to 
emPloyment, and therefore not available on retirement in 

past, in this sector (4).
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Four estates predominate in the ownership of rented 
properties, with a total of 17 sampled houses owned by 
them. None of these private rented properties are in 
particularly good condition, though there are anomalies 
here. For instance, one estate owner, whilst doing very 
little else by way of maintenance, has received grants 
for 100% double glazing to his properties, so that almost 
1/3 of houses with full double glazing are owned by him, 
albeit that none of these has any other form of 
insulation, external doors commonly have 50mm gaps under 
them, and the general standard of these properties is 
very poor.

Insulation standards are generally fairly high, much 
higher than those found in Dunecht for example, but this
is a fea¡ture of the large number of COuncil houses, all
of whic h now have some form of roof insulation, and
sever al of which have cavity wall insulation. Yet

outside of the council sector, only 27 of the 68 houses

have any form of insulation at all. Of privately owned

houses, 24 have insulation in the roof , or just over 50%,
and the only employment category over represented here is
the professional , all but one of whom have insulation , as

might perhaps be expected.
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Table 6.3. Tenure and Insulation Levels, Lumsden.

Local Owner- Pr ivate
Authority Occupied Rented

Total No. 45 46 22
No. with loft 
insulation.

45 24 3

Occupancy 
(Rooms/per son)

1.25 1.78 1.66

Perhaps it is also significant that the only people 
having insulation in private rented accomodation are one 
farmer, one professional and one self employed.

Turning to the perhaps less than scientifically 
measured variable of education level, of 17 owner 
occupiers with an education level above school level, 88% 
have some form of roof insulation. Below this education 
level, however, only 32% of houses have insulation, 

reflecting perhaps a higher awareness of the mysteries of 
heating and heat loss amongst the former group. 
Education level also is related to tenure, with only 30% 
°f owner occupiers having an education level of minimum 
school age, compared to 50% of private tenants and 70% of 
council tenants.

In terms of occupancy rates, most houses in the area 
house one, two or four people, and the majority have 
elther 2, 3 or 4 rooms. (Number of rooms being the 
remainder after subtraction of one bathroom and the

kitchen)
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Average occupancy is 1.63 rooms per person, though 
this figure is 1.78 rooms per person for owner 
occupation, 1.25 for council properties and 1.66 for 
private rented accomodation. In council properties there 
is a narrow spread of house sizes, with no houses over 4 
rooms. In general the occupancy rate is fairly rational, 
with the exception of several older people inhabiting 
larger houses on their own or as a couple.

Private dwellings however range from 2 to 12 rooms, 
and occupancy rate varies from 3 room houses with 4 
inhabitants to a 10 room house with two people and a 12 

room house with only 3 inhabitants. The pattern is 
similar for private rented accomodation, with some 
extremes of over and under occupation, though generally 
the pattern is for over, rather than under occupation, 

and reflects general population trends in the larger, 
older dwellings.

Turning to the attitudinal questions, probably the 
tost interesting is the one on the potential for total 
local self-sufficiency in energy. 38 people felt that 
self-sufficiency would be easy, 17 foresaw a few 
difficulties, 24 suggested that there would be 
oonsiderable hardship, and 15 thought that it would be 
impossible, whilst the rest had no opinion or could not 
decide. Thus a relatively high confidence in their own 

ability to survive isolation in energy terms is 

demonstrated.
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Yet of those who gave some explanation of their 
views on this question, 8 said that problems would exist 
only for the old, one that the problems would only arise 
for the young, 7 that only incomers would have 
difficulty, 6 that people were neither organised nor 
motivated enough, 5 that the lack of availability of peat 
and wood would be the major constraint, 7 that the estate 
landlords could be called upon to organise things 
successfully, and only 6 considered fuel for mechanical 
plant and transport to be a major problem. Only this 
last group were able to see beyond heating fuels to the 
whole spectrum of fuel use, and thus recognised their own 
vulnerability to being cut off from them.

Table 6.4. Attitudes to Local Self Sufficiency, Lumsden.

The Ability to be Energy Independent in Lumsden, Numbers 
££ Respondents. ~ ~

problems forseen 38 
few problems 17 
Considerable hardship 24 
Impossible 15

¿Rgcific problems in achieving enerqy self-sufficiencv. 
Q f Respon délitŝ ------ --------------------------

8Problems for the old 1
Problems for the young 7
Problems for incomers nr -lp.s 6
Organisation and motivation p 5
Lack of fuel availability 7
Organisation carried out by esta fuel 6
Problem of mechanical plant and vehicle
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All in all there is a considerable defiant 
confidence amongst the people of Lumsden in their own 
ability to be self-sufficient, coupled to a grateful
acceptance of the comforts of modern living. The
relatively low number of people cutting peat for
instance, compared to the number of people in favour of 
it as a fuel source, might merely reflect availability, 
but it might reflect a lack of willingness among 
individuals to practice what they preach.

6.1.2, Results of the Agricultural Holdings Survey-

6.1.2.!. Land Use and•Holding Pattern-

The principle on which the boundary of the survey 
area was defined was that Lumsden village should centre 
°h an area for which it could be considered to be the 
main local sevice centre. Thus, because of the proximity 
of Rhynie to the north, Lumsden doesn't form the 
geographical centre of the area.

It was hoped that, unlike in Dunecht, landholding 
Patterns would be rather more fragmented, with farmland 
kaing owned and farmed by more individuals. This proved 

to be the case, with a mixture of owner-occupied and 

tenanted farms, one very large farming enterprise 
encompassing eight discrete original farm units, and two 
states, one farmed by the hereditary owners, the other
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under minimal management on behalf of an absentee 
landlord who had recently purchased the land with the 
proceeds of North Sea oil.

Considerable amounts of land inside the area are 
owned by concerns based outside the area, and thus were 
not surveyed, whilst the larger landowners proved 
difficult to contact for interview. For these reasons 
some quite large areas of land within the survey boundary 
remain unsurveyed, and only a few basic facts about their 
ownership and management are known.

Most of the statistics which can be produced on land 
within the area tend to refer to the better farming land. 
Although very large areas of hill land, rough grazing, 
forest and grouse moor surround Lumsden, only one block 
(albeit of around 3500 acres) of this rougher land could 
be surveyed, due to the fact that whilst most of the 
better land is either sold or rented to farmers, hill 
land and forest tends to be retained by the estates.

15 successful agricultural holdings surveys were 
carried out, out of a total of 20 managed units 
identified within the area, 5 farms were unobtainable 
after 2 returns. Unfortunately these five included the 
largest farm and the largest estate in the area, yet as 
wUl be shown, the statistical accuracy of the results is 
adequate, since the sample included the full range of

sizes and types.

343



The survey covered an area of some 27 square 
kilometres around the village of Lumsden (including 
unpopulated hill areas), and the farm survey also 
accounted for some 27 square kilometres. (Some of this 
area surveyed, however, is outside the intended study 
boundary, whilst much land within this boundary is run by 
owners or tenants from outside the boundary, 
approximately 17 of the 27 kilometres intended to be 
surveyed was probably covered in realityX

However, although the farm surveys also have a 75% 
success rate, and this is statistically adequate, the 
great variety of farm sizes and the relatively small 
sample size means that interpolation to the non-sampled 
farms is difficult, where the missing data might relate 
to a farm some 10 times the mean size. Therefore, 
differences in individual farms not included in the 
sample are taken account of where possible.

Of the 15 successful agricultural surveys carried 
out, 11 were of owner occupied farms, and 4 were tenanted 
farms owned by 4 different estates in the area. The size 
°f farms surveyed ranges from 4 hectares up to 1732 
hectares. Mean farm size is 124 hectares for tenanted 
farms and 193 hectares for owner occupied farms, covering 
a total area of 2737 hectares or 27 square kilometres. 
p°ur of the farm units are under 8 hectares, and cannot 
really be considered as providing full-time occupations 
0̂r their owners.
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When the one very large estate and the units under 8 
hectares are removed from the sample, mean farm size is 
123 hectares, so that the presence of a large estate has 
a greater influence on the mean than the small units. In 
addition to the tenanted farms, some 110 hectares is also 
let out to the farmers in the sample for grazing.

In terms of land use, some 32.4% of the land area of 
farms is rotational arable, 11.3% is grass, 43.5% is hill 
land, 12.2% is woodland not managed for timber, 0.1% is 
woodland managed for timber, and 0.77% is in roads and 
buildings. However, when the one large estate is removed 
from the sample, only 19.1% and 0.3% of land is in hill 
and woodland respectively, whilst some 68.8% is 
rotational arable.

This preponderance of rough land retained by
estates, with most of the better land being sold or
tenanted to farmers, is probably fairly typical of 
estates in the area, though the estate sampled may be 
rather more wasteful of its land than others, since 
according to the estate owner, no management is carried 
°ut on the over 300 hectares of woodland, and the rest of 
the hill land, predominately grouse moor, seems no longer 
to be used even for this low productivity purpose.
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6.1.2.2. Farm Production and Employment-

Although these 15 farms provide more or less full 
time employment for some 25 persons, it is notable that 
only 3 of these people are not members of the farmers 
family. However, since the term family extends to more 
than just nuclear units, to include for instance, three 
brothers employed on the same farm, living in separate 
houses with their own families, employment actually 
extends to providing livelihoods for some 20 households.

It is interesting to note that the owner of 
estate, with an area of some 1732 hectares, employs 
his son and one tractorman on the whole estate, 
whilst he considers himself to be a serious full 
farmer, he only actually exercises any management
some 23% of the land he owns, and whilst ave
employment on other farms is around one worker per
hectares, on this estate it is one worker per
hectares. Even allowing for the considerably poorer 
Quality on the estate than elsewhere, this leve 
eroployment is very low.

one 
only 
and 
time 
over 
rage 

45 
577 
land 
1 of

In terms of stocking levels in the survey area, 
there is one ewe kept per 2.9 hectares, with beef cattle 
at the rate of one per 4.2 hectares. Apart from the 
esfcate, these figures are 1.3 and 0.6 respectively. 
^though one farm runs a dairy enterprise, and one has a 

house with 20 sows, there is no other livestock 
rearing apart from 12 ponies bred for sale on one small
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unit, and a few poultry kept free range for providing 
eggs for the farm houses.

Although potatoes are produced in large quantities, 
this is almost entirely on one of the large units for 
which no survey could be carried out. This large 
enterprise is composed of what was originally eight 
separate farm units. The only other production is of 
barley and turnips, with 6 farms marketing barley in 
fairly small quantities, and turnips mainly for on farm 
use.

In general, the large estate in the sample seems to 
be symptomatic of a general rural decay in the area, and 
this on an estate run personally by an hereditary owner 
professing concern over the lack of employment in the 
area, popularly believed to be one of the best kinds of 
landlords to have. It is difficult to accept that, even 
given the general decline in agricultural workforce, and 
the poor nature of the available land, an estate of 1732 
hectares can only support an employed workforce of one, 
and that the potential capital available on an estate 
that size cannot make for a more viable business.

The fact that such landlords do not see their 
Possessions in a commercial manner is also evidenced by 
the landowners attitude to domestic properties lying 
emPty. when asked why several houses on the estate were 
being left empty, instead of, at the very least, being 
s°lc3 in their present condition, the researcher was told 
that the estate had considered renovating one house in
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particular, an imposing ex schoolhouse of around 140 
square metres on two floors, but since an estimate for 
the whole work had come to £7000, it was not worth their 
while, even though there was obviously no purchase price 
to be paid on the property.

Even the one employee on this estate cannot rest 
easy, the landlord expressed the belief that overmanning 
was perhaps the greatest problem that employers faced 
today, and alluded to his own extensive workforce by way 
of example.

It is noticeable that questions on renewables 
produced rather more favourable responses to wind than to 
solar, which may reflect the fact that wind pumping was 
an economic power source on farms in the area within 
memory of the present incumbents. Small hydro on farms 
also produced a more favourable response than it did in 
the household survey.

Few farmers felt that fuel cropping or the 
Production of methane would hold any importance for the 
future, though many felt that odd patches of woodland, 
shelterbelts and the like could be better utilised for 
fuel, perhaps because these areas seldom actually fall 
within their own farms. The only landholding with real 
Potential for any of these biofuels, again the sampled 
estate, did not see them as viable propositions, even for 
fuel cropping on land presently totally unused.
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6.2. General Survey Results, Cuminestown-

6.2.1. Results of the Domestic Survey.-

6.2.1.1. General Area Characteristics-

Cuminestown reflects its longer tradition of private 
farm ownership than Lumsden (5), with a spread of tenure 
types shifted considerably more towards owner-occupation, 
with 65% of houses owner-occupied, 31% local authority 
housing, and only 4% private rented.

The lower figure for council housing in part 
reflects the slightly younger age structure in
Cuminestown, requiring fewer smaller dwellings for 
elderly couples and individuals, whilst the very low 
figure for private rented accomodation reflects the lack 
of estate control over land and employment.

Service provision in Cuminestown far exceeds that in 
Lumsden, with 3 general stores, 2 newsagents, a
9reeng rocer, a butcher, a post office, a clothes shop, a 
baker, two pubs and two garages, together with more 
industrial units, a car body repair shop, a large joiners 
w°rkshop, a small mechanical engineering firm, a road 
haulage company and two building plant hire concerns, 
^his is a total of 20 commercial firms, compared to the 4 
ar°und Lumsden and 3 around Dunecht. Of particular 
imPortance is the full time employment provided by some 

these firms to several local people, whereas in
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Lumsden there is no full-time employment provided by the 
local businesses, except for their respective owners.

6.2.1.2. Survey Appiication-

The coverage of the Cuminestown domestic survey was 
not as high as for either Lumsden or Dunecht, at 58%, 
with 116 dwellings being sampled, of the 200 in the 
survey area, with 9 refusals and 75 occupants 
unobtainable after one return. The large number of 
houses where no response was obtainable probably reflects 
the higher rate of employment in the area. As in 
Lumsden, 2 returns were made to farms, and 18 respondents 
were interviewed, though much of the land in the area is 
farmed from units outside the immediate survey boundary, 
so that only around 50% of the land area was sampled.

Of the houses sampled, 89 were in the village and 27 
were outside, of which 18 were farms. These figures 
compare with figures for the whole of Banff and Buchan 
District of 68.45% within settlements and 31.55% outside, 
and in the same way as Lumsden, this reflects the greater 
ease with which village residents are obtained, due to 
the higher proportion of retired people.

The refusal rate of about 8% of the sample, 4.5% of 
the total dwellings in the area, is rather higher than in 
Lumsden, but still within acceptable limits, given the 
sP°rad ic and individual nature of the reasons for
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refusal.

6.2.1.3. Population Character istlcs-

Compared to Lumsden, in which the largest occupation 
group is that of retired people, this particular group is 
rather less conspicuous in Cuminestown, at 19.8%, whilst 
26.8% of residents are children under 16 and students. A 
smaller percentage of houses in Cuminestown (32.7%), are 
occupied by only one or two retired people, and a higher 
percentage of the elderly live as a part of larger family 
groups than is the case in Lumsden. Yet at 19.8%, a high 
proportion of dwellings are occupied by only one retired 
Person, and this represents some 85% of the single 
occupant dwellings.

Table 6.5. shows percentages of houses with 
different numbers of occupants, revealing that 47.4% of 
dwellings are 'family houses' with 3 or more occupants, 
as compared to 39% in Lumsden.

Table 6^5. Percentages of Houses with Different Numbers 
£f Occupants-

Persons 1 2 3 4 5 6 7
 ̂ of Houses 23.3 29.3 15.5 19.8 7.8 3.4 0.9
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Within the village boundary, the figure for houses 
with 3 or more occupants is 46%, outside the village the 
figure is 50%. This creates a picture of a rather less 
dependant community than in Lumsden, in terms of the 
availability of capable labour within households. 
Nevertheless, 42% of households have no person in them 
working, whilst of those that do work, many are employed 
in the immediate vicinity, again unlike the situation in 
Lumsden.

Of head of household employment, skilled manual 
workers form the largest group, at around 25%, followed 
by farmers (15%) , professional and executive (12%) , the 
self-employed (10%), farm workers (3%), clerical workers 
(2%), and unskilled manual workers working outside 
farming (2%). This is a very different picture to the 
employment characteristics of Lumsden, where farming 
related jobs are the dominant group.

The working population of Cuminestown makes up 

around 37.5% of the total population, compared to 47% in 
Lumsden, reflecting larger numbers of school children in 

Cuminestown.
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Table 6.6. Employment Details, Cuminestown

Occupation

Farmer 
Farm worker
Other manual unskilled 
Other manual skilled 
Clerical
Professional and executive
Self employed
Part time worker
Housewife
School or student
Unemployed
Retired

Head of 
Household% Total%

12.9 6.372.6 1.631.7 5.11
20.7 10.851.7 5.11
10.3 6.15
7.8 4.19
0 3.19
0 12.48
0 21.80
5.2 3.22
37.1 19.81

Though 58% of heads of household are employed, 
compared to 50% in Lumsden, non-agricultural full-time 
jobs in Cuminestown absorb some 23.4% of the population, 
whilst in Lumsden the figure is a very low 10.2%.

Average miles travelled to work or place of 
education each way per day, by heads of household in 
Cuminestown is 5.7, the same as in Lumsden, whilst the 
mean number of miles for the whole population is 2.7. 
Working heads of household, however, travel a mean 
distance of 9.2 miles, compared to 11 miles each way per 
daV in Lumsden. Local employment is much higher in 

Cuminestown, with 24 of the heads of household, aside 

from farmers and agricultural workers, working in the 

survey area.
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Of the locally employed people, 9 are skilled manual 
workers, 5 are professionals, 3 are self-employed, one is 
a clerical worker, and one is an unskilled manual worker.

Farming and self-employment, on the other hand, make 
up only 45% of local employment, as opposed to 97% in 
Lumsden. Six heads of household, and 3.2% of the total 
sample population are unemployed, and these people can be 
said to make up the bulk of the available 'surplus 
labour' in the area.

The regional origins of respondents were similar to 
those in Lumsden, with 87% of people having originated in 
the North-East, whilst 50% of the professional and 
executive sector originated outside the area, a lower 
Percentage than in Lumsden, reflecting the greater 
opportunities in Cuminestown.

The balance of tenure types in Cuminestown is skewed 
rouch more than in Lumsden in favour of owner-occupation, 
with 64.7% of houses in this category, as opposed to 31% 
council housing, and only 4.3% private rented 
accomodation.

Of the 75 owner-occupied houses, 14 belong to 
farmers, 14 to manual workers, 10 to professionals, 8 to 

self-employed and 24 to retired people. 83% of
Professionals, 93% of farmers and 89% of the
Self-employed own their own homes, whilst 56% of retired 
People are also home owners, a much higher proportion 
than in Lumsden. Within the village itself however, 40%
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of houses are council owned, and only 1% private rented. 
The sample contains 7 houses which have been purchased 
from the local authority by the occupiers.

By and large, old people are rather less well 
represented in the owner occupier sector than age groups 
from 25 to 65, though this tendency is not as marked as 
in Lumsden, and many of the former do own their own 
homes. The elderly are also under represented in private 
rented accommodation, reflecting the nature of this 
tenure type as being tied to the job.

No one individual has any real control over the 
private rented housing stock, with landlords including 
the Health Board, the Church of Scotland, and three 
farmers working various sized holdings. Although the 
condition in which these rented properties owned by 
farmers are kept is poor (and in one case appalling), the 
small number of such houses means that they do not have a 
large statistical effect, albeit that their effect on 
their inhabitants is obviously dramatic.

Roof insulation standards are generally quite good 
Cuminestown, with 100% of local authority housing 

hsving some insulation, and 65% of owner-occupied homes, 
to9ether with 40% of the 5 private rented dwellings. 
These are rather better figures than for Lumsden, and the 
■̂ihks between insulation standards and education level 
amongst owner-occupiers are rather less pronounced, with 
^5% of those with education over basic school level 
having loft insulation of some kind, and 60% of those
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with only school level education. The link between 
education and tenure type is also rather less strong than 
in Lumsden.

Occupation rates in Cuminestown are slightly lower 
than in Lumsden, at 1.76 rooms to each person, with an 
average of 3.9 rooms per dwelling and 2.7 rooms per 
dwelling respectively.

Controlling for tenure, council house occupants 
typically live at around 1.3 rooms per person, and 
owner-occupiers at 1.80 rooms per person, with private 
rented accomodation at 1.9 rooms per person. As in 
Lumsden, the spread of council house sizes is relatively 
small, with occupancy rates quite rational, except for a 
few cases of elderly people living by themselves in 
larger houses.

Table 6.7^ Tenure and Insulation Levels, Cuminestown.

Local
Authority

Owner
Occupied

Pr ivate 
Rented

Total No. 36 75 5
No. with loft 
lrisulation.

36 49 2
0ccupancy 
(Rooms/per son)

1.30 1.80 1.90
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Mean gross floor area is around 83m2 per dwelling, 
an average of around 30ra2 per person.

The sense of isolation and self-sufficiency in the 
Cuminestown area is rather less than in Lumsden, 
reflecting the lesser degree of physical and economic 
isolation, and fewer people are able to envisage being 
able to survive in isolation from the outside world. 
This also reflects the lack of obvious supplies of 
under-utilised fuelwood, and indeed both the local 
resource and the amount of that local resource presently 
used as a fuel source in Cuminestown are lower than in 
Lumsden.

Particularly outside the boundaries of the village 
however, there is still a certain amount of defiant 
independence amongst respondents, who see their ability 
to survive in isolation more strongly than do village 
residents.

It is possible that some of the lack of confidence 
in ability to survive in isolation is related to the lack 
°f historical reliance on centralised estate control of 
emPloyment, housing, services and local fuel resources.

It is again noticeable that few of those expressing 
independant attitudes actually gain fuel such as peat or 
Wo°d for themselves, despite its, albeit limited, local 
availability.
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6.2.2. Results of the Agricultural Holdings Survey-

6.2.2.1. Land Use and Holding Pattern-

Cuminestown falls within the rather large parish of 
Monquhitter, a parish too large to form the actual survey 
area, and the same techniue for defining the area was 
used as for Lumsden, taking an area within which the 
nearest retail outlet is in Cuminestown. However due to 
the proximity of Turriff, 5 miles to the west of 
Cuminestown, and a much larger settlement, the survey 
area did not extend as far as half way between 
Cuminestown and Turriff, to reflect the greater influence 
of the latter settlement over a wider area.

The land holding pattern in Cuminestown proved, as 
was expected, to be more fragmented than in Lumsden, and 
much more fragmented than in Dunecht. Ownership, as well 
as management, is more diverse, with no rented farms in 
the sample, all 18 units surveyed being owner-occupied. 
No large estates were included in the sample, and as in 
Lumsden it often proved more difficult to obtain a 
response from the larger landowners than from small 
farmers. One very large farm (450 hectares) was included 

the sample however, though much of the land farmed by 
this concern is situated on other units to the north of 
the survey area.
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Most of the less productive land in the area 
(parkland, woodland and forest), is owned by the one 
estate, and by the Forestry Commission, and there 
certainly is not the same concentration of land ownership 
in a few hands as in the other survey areas.

There is little rough grazing land in the area, and 
aside from small amounts of woodland and one plantation 
of coniferous trees of around 100 hectares, almost all 
the land area in the sample is either rotational arable 
land or permanent fenced grassland.

Eighteen successful farm surveys were completed, 
whilst there were 2 refusals, and from 10 farms responses 
were unobtainable after 2 returns, a rather higher 
failure rate than in Lumsden.

1001 hectares were sampled, with some 150 hectares 
of this falling outside the survey area. 10km2 of the 
total 20km2 (50% of the area) was therefore sampled, 
which is not as good a figure as for Lumsden (100% of the 
27km2), yet if the one large estate were to be removed 
from the Lumsden statistics, the land area covered is the 
same for both areas, and percentage coverage is slightly 
higher in Cuminestown.

Of the 18 successful agricultural surveys carried 
°ut, all were of owner occupied farms. Unit size ranged 
from 5 to 450 hectares, and 3 farms at the lowest end of 
fche range cannot be considered to provide full-time 
°ccupations for the farmers, who also have other
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occupations. Mean farm size is around 56 hectares, a 
lower figure than for Lumsden, reflecting the presence of 
one very large unit in that area. Removal of units under 
8 hectares leaves a mean farm size of 62 hectares.

Not all of this land is farmed directly by the owner 
however, since 15 hectares of grass and hay are sold 
standing in the area.

In terms of land use, some 75% of surveyed land is 
rotational arable, most of the rest being permanent 
fenced grassland, with around 1% woodland and 1% rough 
grazing, less than 1% is in roads and buildings. Some 90 
hectares of coniferous and 30 hectares of deciduous 
woodland lies within the area but outside the sample, 
compared to 150 hectares of deciduous woodland outside 
the sample in Lumsden.

Thus the preponderence of arable land in the sample 
is probably rather unrepresentative, due to institutional 
an<3 absentee control over other land uses in the region. 
By and large, land use in the sample seems fairly 
rational and complete, though there remains some on-farm 
woodland in shelter belts and the like, which might be 
better utilised for fuel.
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6 . 2 . 2 .2. £arrn Production and Employment-

Full-time employment is provided for some 23 people 
on the 18 farms, with 6 of these being from outside the 
farmer's immediate family, whilst the sample farms 
provided a living to some 17 families.

There is a small amount of seasonal employment in 
potato picking, and 3 people only work their farms 
part-time, whilst three other people are employed part 
time on other farms. 5 of the 6 full-time agricultural 
employees are employed on one farm, the 450 hectare unit.

Stocking levels in the area are; beef cattle at a 
rate of 1 per hectare, ewes at 1 per 1.85 hectares, 
together with 5500 poultry and 25 sows on farms in the 
sample. Although no dairy farms are in the sample, one 
farmer is a milk retailer, who has now abandoned dairy 
farming infavour of the bulk purchase of milk from near 
Aberdeen. The poultry are in only one large unit, with a 
few free range hens run on a non—commercial basis on 
°ther units. Several farms have a few acres of potatoes, 
the rest of the arable land being dedicated largely to 
barley and oats.

Even outside the sampled farms, there seems to be no 
enterprise run on such a non-commercial basis as is the 
main estate in Lumsden. All the farms are run on a 
commercial basis, and the one larger estate (not included 
in the sample), is at least largely commercial arable
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farmland.

Yet, for different reasons to those pertaining in 
Lumsden's estates, investment in such things as tied 
housing by farmers is low. One old lady in particular 
lives in an old cottage with a tin roof, outside chemical 
toilet, one cold water tap in the kitchen, no insulation, 
almost completely rotted windows, and, in spite of the 
proximity of the mains electricity supply (some 10 metres 
away from the dwelling), even this service has not been 
provided by a landlord who appears to be waiting for the 
demise of his tenant. It seems likely that his attitude 
to investment in renovation will change somewhat when 
this eventuality occurs.

There are considerable numbers of derelict 
Properties on farms in the area, most of which are 
virtually beyond repair, and there is little sign of any 
attempt at renovation.

Attitudes to renewables, and particularly to solar 
water heating, are rather more favourable amongst farmers 
in Cuminestown than in Lumsden, perhaps due to the fact 
that a major sales campaign has been initiated by one 
SuPplier. One farm has domestic solar hot water, and the 
°ccupants seem interested in the potential and satisfied 
with the results. In this more lowland area, confidence 
in the future of wind and small hydro power is rather 
less than is confidence in solar water heating.
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The idea of fuel cropping was received with less 
interest than in Lumsden, as might be expected from a 
sample made up predominantly of quite good quality arable 
land.

Straw burning in the field is seen by some farmers 
as being more widespread than the survey results would 
suggest, which may be explained by the reticence of 
farmers in admitting to this activity. One farmer, who 
was not available for interview, has installed a straw 
burning stove for domestic use in recent years, and is 
able to use some of the relatively large surplus of this 
material.

6.3. General Area Comparisons-

The choice of survey areas was largely influenced by 
agricultural form, topography and isolation from large 
towns. Therefore these differences appear in the 
surveys. Cuminestown is a largely arable, lowland area, 
°utside the main commuting influence of Aberdeen, 
although quite near to several small towns. Lumsden is 
an upland, hill farming area in a particularly isolated 
location. Dunecht, the pilot area, is a smaller village 
*uch nearer to Aberdeen than the other two, and 
°stensibly in the commuter belt, whilst being made up 
largely of arable land.

363



Perhaps the greatest difference arising between the 
areas which was not planned from the outset is land 
ownership patterns.

In spite of its proximity to Aberdeen, Dunecht was 
found to be parochial almost to the extent of feudalism, 
due to the all-pervading influence of one landlord. 
Incomers were at a minimum, housing standards were poor, 
home ownership virtually unknown, and reliance on one 
source of employment, the estate, almost total.

By contrast, Lumsden is traditionally an area of 
large estates which have disintegrated somewhat over the 
years to create a more diverse land ownership pattern. 
It has a far wider spread of tenure types and housing 
standards, raised somewhat by the presence of so many 
council houses, yet has practically no employment 
locally, and far less a sense of the sort of 'paternal 
organisation* to be found in Dunecht. Although three or 
four times further from Aberdeen, Lumsden has more 
commuters and incomers than Dunecht, due to the freer 
ability to purchase houses.

The estates having relinquished control over 
housing, services and employment, however, this has left 
Lumsden with very little. Although estates around 

Lumsden have disintegrated somewhat, they typically 

retain control over most of the marginal hill land. This 
effects the fuel resource in particular, most of the 
Potential for which lies on this land, unsuitable for 
^ore intensive agriculture. Although economic uses for
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this land may be minimal, the landlords relinquishment of 
'paternalistic responsibility* over the area has left it 
highly unproductive.

By contrast, Cuminestown, an agricultural area 
similar to Dunecht, yet without the historical reliance 
on landlord control, has retained employment and services 
to a large degree, without having to rely on one 
individual for this provision.

Home ownership is a larger sector in Cuminestown 
than in either of the other two survey areas, largely at 
the expense of the private rented sector, and the 
standard of owner-occupied housing is somewhat higher. 
General housing standards, such as insulation levels, are 
greatly affected by tenure in all the areas, with such 
Provision in Dunecht being at the whim of the landlord, 
and the level in Lumsden being improved by the influence 
of local authority housing, with standard provision of 
insulation to all dwellings.

Cuminestown has a younger population than the other 
two areas, with 26% being of school or pre-school age or 
students, and the area doesn't suffer from the same lack 
°f renewal of the population as the other two sample 
areas, whilst a higher proportion of the over 18 year old 
Population is employed.

These differences cannot be entirely explained by 
differences in land holding patterns, since Cuminestown 
is in an area of higher population and greater
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opportunities than Lumsden, yet the all sector influence 
of the Dunecht estate on that area certainly has its 
effect.

Given the Delphi scenario for rural population, 
(Section 3.4), it seems likely that the difference 
between Dunecht and the other two areas will increase, 
for whilst repopulation affects both Cuminestown, and to 
a lesser extent Lumsden, the artificial blocking of all 
development by the Dunecht estate, if continued, could 
push the population of that area into stagnation 
indefinately, in spite of that area's proximity to 
Aberdeen.

Whilst the greater isolation of, and the presence of 
much marginal land and large -peat deposits around 
Lumsden, and the level of centralised control operating 
in Dunecht, might make these areas more able to create 
greater autonomy in their fuel use, their 
undercapitalisation and ageing populations tend to 
legislate against it.

By contrast, Cuminestown, less in isolation and 
perhaps with fewer potential fuel resources, lends itself 
better to such strategies due to the larger amount of 
money available to a more fully employed population, and 
the control over housing standards and fuel use in an 
area with a higher degree of owner-occupation.
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Yet in terms of fuel resources, it is the large 
estates which are most likely to be able to provide the 
capital and land for their exploitation, if perhaps not 
the interest needed to carry this through.

Thus it can be seen that the existence of an energy 
resource and a potential use are not sufficient 
conditions for achieving a greater degree of rural energy 
autonomy. The attitudes of individuals, the availability 
of labour and, most importantly, the land holding pattern 
of an area, are also important variables in the equation.
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7.1. Energy Use Patterns, Domestic-

7.1.0. Introduction-

For the three survey areas, energy use data on the 
dwelling was gathered in convenient units (such as tonnes 
of coal, gallons of oil), and converted by means of a 
simple fortran programme into megajoules supplied, with a 
total figure being calculated for megajoules of all 
fuels. It was decided to use figures for 'fossil fuel 
requirement', and thus total delivered MJ of coal was 
included, with no allowance for conversion loss, whilst 
MJ of electricity was multiplied by a factor to represent 
the around 40% conversion efficiency. This factor does 
not pertain specifically to the survey area, but once the 
extra transmission losses .in bringing the power to remote 
areas has been set against the higher efficiency of 
generation gained through higher use of hydro-electric 
power than the national average, 40% is probably a 
reasonable average. Actual figures for electricity 
Production efficiency are not available by small area.

This then represents unavoidable losses to the 
consumer, losses in the conversion of other fuels in the 
home, whilst to some extent inevitable, can be minimised, 
and the potential for doing this is brought out by the 
survey results.
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One slight inaccuracy remains, the energy needed to 
mine and process coal and other fuels, which also applies 
to electricity generation by solid fuels, and the energy 
used in the distribution of those fuels to the consumer.

Having achieved a picture of total household fuel 
use, it is important to be able to set this against an 
assessment of fuel requirement.

Data on construction type, floor area, volume and 
ventilation were used, through a simple computer 
programme, to work out the heat loss figure for each 
house in the samples, using a generous hypothetical 
heating regime, with a 9 month heating season, and the 
whole house kept at 20 degrees centigrade during the day, 
14 degrees at night.

Various inaccuracies exist in this method, but as a 
way of comparing energy use in a highly varied sample of 
dwellings and families, it provides a good guide to 
comparative energy requirements.

Perhaps the greatest inaccuracy relates to

ventilation rates, and therefore ventilation heat losses.
Ventilation rates were estimated by taking a standard
number of air changes per hour, and making a deduction 
f°r new houses or those with major new improvements such 
as new windows and doors, whilst making additions for 
bouses in exposed positions and those where the occupants 
either complain of draught or express the need for major 
^provements.
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Other inaccuracies 1 ie in the assessment of
construction U values, due to the difficulties of
inspecting such things as insulation. Yet the occupier 
generally has a reasonable idea of what has been done, 
and by taking a range of standard constructions in an 
area of predominantly vernacular, traditional 
constructions, quite good accuracy is achieved.

Gross floor areas of dwellings were assessed by 
measurement on the ground, and are felt to be accurate to 
within 10%.

Information gathering in the pilot area was
insufficient to be able to carry out these full
calculations, and they were restricted to the two main
areas.

2 « 1.1. Lumsden-

XaZ.1.1. Data Processing-

The data gathered in the Lumsden domestic survey was 
entered onto disk in a manner compatible with S.P.S.S. 
(Statistical Package for the Social Sciences computer 
Programme) processing, in much the same way as the 
^unecht data, though missing values were specified for 
^any of the variables, to get round problems arising 
where some data points for a variable might not exist, 
vhilst others might simply not be known. For instance,
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one dwelling might use no coal, whilst another, though 
using coal, might be able to give no indication of how 
much is used. Specifying missing values enables S.P.S.S. 
to distinguish between these two phenomena.

After entering data onto S.P.S.S. and producing 
control files for generating output, much of the basic 
data was transformed to create new variables. Thus a 
more accurate picture of energy use is built up by 
creating new values in megajoules (MJ) from incompatible 
figures on tonnes of coal, litres of oil etc. These 
variables can then be summed to produce one variable for 
total megajoules of energy consumed by a household.

Naturally enough however, this leaves a picture of 
far more energy being consumed by those burning fossil 
fuels directly than by those using only electricity, due 
to the inefficiencies of domestic heating appliances. A 
new variable was therefore created, increasing MJ of 
electricity used by a factor representing the loss of 
energy through power station inefficiencies. Thus, when 
summed, the resulting variable represents all fuel used 
aside from that used in transporting fuels to their point 
°f use.

Although this total MJ figure still produces much 
higher figures for those burning fossil fuels, it is far 
rn°re realistic, since gaps in efficiency could be closed 
hy better burning practices.
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Another variable to be calculated from the basic 
data is one for heat loss. This variable, though it can 
never be a particularly accurate measure, could at least 
put into perspective each dwellings energy needs in 
comparison to one another. A calculation is made using 
all the constructional data from the questionnaires, to 
work out U values for different constructions, creating 
separate new variables for floor, walls, roof, windows, 
ventilation and exposure, from which the average heat 
loss over a more or less arbitrary temperature gradient 
can be calculated by the formula:-

((ext. wall area x ext.wall U value) + (roof 
area x U value) + (floor area x u value) + 
(window area x U value) ) x temperature 
difference in deg. K = HEAT LOSS IN >W (1)

Ventilation heat loss can be calculated from the
formula:- 1300 x v x n x t, where v is the house volume,

360°
h is number of air changes per hour, and t is the 
temperature difference (2).

•L-UiuL Heating Installations-

In terms of household energy use, 100 of the 113 
houses have an open fire or solid fuel stove which they 
Use most of the time, whilst 4 have oil fired central 
heating, one has gas, and the rest rely totally on
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electricity. So solid fuel burning predominates, with 
coal being the, or a, main fuel source for 72 households, 
smokeless fuel for 17 households, purchased wood for 55, 
home cut wood for 30, purchased peat for 4 and home cut 
peat for 16 households.

21 council houses have central heating, of which 16 
are run from back boilers to open fires, 2 use storage 
heaters and 3 use electric ceiling heat. There is a 
tendency for those in employment to have central heating, 
and for the unemployed and retired not to, even in these 
council houses, which can perhaps be explained by the 
relative freedom of choice of housing enjoyed by the 
former group.

In owner occupied houses, 26 of the 45 houses are 
centrally heated, with 3 using oil heating, 5 with solid 
fuel stoves, 11 with back boilers to open fires, 2 with 
bulk gas, 4 with off peak electric and one with solar 
Panels, though in this last case only domestic hot water 
is provided, so that it is not strictly central heating. 
In all „occupation categories but farmers and the retired, 
m°re than 50% of houses have central heating, and all but 
°ne of the professionals have it. Obviously the presence 
0r abscence of central heating reflects the availability 
of capital, though the smaller number of farmers having 
i<: perhaps reflects length of stay and resistance to 
change amongst this category.
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Only 3 of the 22 private rented dwellings have 
central heating, reflecting the generally low standard of 
this accomodation, and those that do have it are, a 
farmer, a professional and a self employed person.

Table 7.1. Domestic Heating Installations, Lumsden.

Heating type Total Lo
houses au

Solid fuel 
central heat

35 16
Oil 6 0
Bulk gas 2 0
Off-peak
electric

5 1
Electric 
ceiling heat

3 3
Solar water 
heating

1 0

ca1 Owner Pr ivate
thority occupied rented

16 3
3 3
2 0
4 0
0 0

1 0

Table 7.2. Numbers of Dwellings Using Different
¿olid Fuel Types, Lumsden.

¿uel type No. of houses
Coal 72
Smokeless fuel 17
Purchased wood 55
Home cut wood 30
Purchased peat 4
Home cut peat 16
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In all but 11 dwellings electricity is the fuel 
used for cooking, but 14 houses have solid fuel cooking 
stoves, and 9 use these all the time, 11 at some time, 
making these dwellings more flexible in the use of fuels 
and less likely to be dismayed by any lack of 
electricity.

In terms of preferred heating types and the desire 
to change from present types, only 14 people expressed 
the intention to change their heating installation, 
mainly to central heating off open fires with back 
boilers, of whom 60% have no central heating at present. 
22 householders expressed no desire for central heating, 
or a positive dislike of it, only one of whom actually 
had central heating already. The remaining 91 
householders desired central heating, of which 63% stated 
radiators from a back boiler as their preference and 
another 11% wanted a solid fuel stove, 9% preferred bulk 
9as, 8% oil and 4% electric, whilst 5.5% wanted central 
heating, but expressed no preference as to type. Of those 
without central heating, 34% have no desire for it and 
66% would like it. There therefore exists a high level 
°f satisfaction with solid fuels, coupled to a fairly 
strong desire for the comfort and convenience of central 
hsating, and the preponderance of open fires seems to 
rePresent preference rather than necessity. (See Table 
7-3.)
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Table 7^3^ Preferred Heating Type, Lumsden.

Heating Type No.
Central heating 91
Open fire back boiler 57
Solid fuel stove 10Bulk gas 8Oil 7
Electric off-peak 4
Any central heating 5
Not central heating 22

of Respondents

7.1.1.3. Energy Use and Heat Loss-

For fuel use, calculations were made for megajoules 
°f different fuels used in each household, and new 
variables were created for the total number of megajoules 
used by each house, correcting for power station 
inefficiencies to give more meaningful values for 
electricity use. (See Appendix 11)

Mean corrected energy use per household was 176,688 
with 34.5% of this being in the form of coal, 23.6% 

electricity, 12.4% smokeless fuels, 11.4% bought wood, 
7.6% home cut wood, 5.7% oil, 3.3% home cut peat, 1.0% 
bought peat, 0.9% gas, 0.3% diesel generated electricity 
and 0.1% paraffin. (See Table 7.4.)
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Table 7.4. Percentages of

Fuel Type 
Coal
Electricity 
Smokeless fuel 
Purchased wood 
Home cut wood 
Oil
Home cut peat 
Purchased peat 
Gas
Paraffin

Different Fuels Used, Lumsden-

%of Total Fuel Use
34.5
23.6
12.4
11.4
7.6
5.7 
3.3 
1 . 0  
0.9 
0 . 1

So coal and smokeless fuel predominates considerably over 
electricity, probably due to inefficient burning 
Practices, with 'free' resources of wood and peat making 
up some 11% of total fuel use.

The fuel use of individual households varies from 
35000 to 360000 MJ, i.e. by a factor of 10. The 
standard deviation is around 39% of the mean, reflecting 
a large spread of fuel use values. Low energy users are 
delusively those households without open fires, all 6 
households below 85000MJ using only electricity for 
heating. The distribution of the variable for total 
^©gajoules is skewed positively (i.e. there are more 
households falling above than below the mean, and 
therefore those above the mean are more extreme and tend 
':o lie further away from it), reflecting a 'cut off 
Point' at the lower end, below which hypothermia would 
Presumably result. Finances permiting, such a cut off 
Point does not exist at the upper limits.
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When another new variable is created, coding the 
amount of fuel used under 8 categories of 50,000 MJ 
increments, so that cross-tabulations can be carried out 
using the data, reasons for discrepancies in fuel use can 
be partially explained. Fuel use was cross-tabulated 
against number of rooms as a rough guide to size, 
controlling for tenure, the most significant feature of 
these figures being the lack of a relationship. Although 
larger houses do, by and large, tend to consume more energy 
than smaller ones, isolated cases exist of 3 room houses 
consuming three times more energy than 8 room houses etc.

With council housing, where standards are more 
comparable, some kind of relationship can be seen in 
terms of maxima and minima for fuel used in houses of 
different sizes, though between these two figures the 
spread of values is considerable. In owner occupied and 
Private rented accomodation the relationship is more 
difficult to follow, and the most that can be concluded 
is that there are minima below which fuel use cannot go.

It is worth noting as an aside that the two people 
in the village expressing the most interest in renewable 
energy sources, (One of whom also has the lowest 
electricity use in the area, and prides himself on what 
he sees as his 'low energy using lifestyle') are also the 
ar®as largest consumers of total energy.
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In an attempt to explain fuel use relationships more 
fully, the same cross-tabulation was carried out, but 
this time controlling firstly for central heating and 
secondly for occupation.

In the case of central heating, it is notable that 
the house with solar water heating uses more than the 
mean amount of energy, whilst those houses with 
ostensibly the most inefficient heating form, electric 
ceiling heat, use rather less energy. This latter point 
can be explained by the relative energy effectiveness of 
electricity, and by the lack of use of the installed 
system in favour of other electric heating appliances.

Only for oil central heating and enclosed solid fuel 
stoves can a positive relationship be said to exist 
between house size and energy use, Tnose without central 
heating and those with back boilers both use the most 
energy and have the widest spread of values, a reflection 
of inefficient burning techniques on old open fires.

In the case of occupation, again it is difficult to 
arrive at relationships with fuel use and house size, 
with only the self employed using noticably more as a 
9roup than the others.

U values of the different constructional elements 
Were calculated, and a programme was written to calculate 
heat loss from houses under a rather generous 
hypothetical heating regime, of constant temperatures 
throughout the house of 20 degrees centigrade for 14
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hours in the day, and 14 degrees centigrade for 10 hours 
at night. Degree-days were based on figures for Dyce, 
adjusted for the greater altitude of Lumsden. Thus a 
heat loss figure was arrived at for each house, and a new 
variable created by the formula energy needs/energy use x 
100 = % useful energy. (See Appendix 11).

For Lumsden the mean for this variable was 69.83%,
i.e. this percentage of the energy used should be 
necessary to heat the house, and 30.17% of energy use is 
wasted. The range of this variable was large, from 20,7% 
to 157%, i.e. some houses appeared to use around 5 times 
more energy than they needed, others only two thirds of 
the required amount.

An error arises in this variable, since it is not 
known precisely how much of total energy use is consumed 
in lighting and power rather than in heat, since although 
most of this energy is itself dissipated in the form of 
heat into the dwelling, this does not necessarily occur 
at the times when space heating is required.

An assessment of how much energy is required for non 
sPace heating purposes can be made by looking at the 
electricity consumption of those houses which do not use 
any electricity for space heating, and which do not have 
domestic water heating off a back boiler. Mean 
e*ectricity consumption for these dwellings is 
l8958MJ/annum, or 10.9% of total energy use.
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Thus 89.1% of energy is used for space heating, and 
this is by far the most important input, and the one with 
most potential for savings. Additionally, energy not 
used for space heating dissipates itself as heat, (such 
as that from light bulbs, cookers and appliances), and 
much of this will add to the useful space heating load, 
whilst calculating the percentage of this energy used at 
times when there is no need for space heating is 
impossible without long term observation of individual 
dwellings.

Adjusting mean percentages of energy usefully used 
to take account of non space heating energy, brings the 
figure from 69.83% to 78.37%. Thus it would seem that, 
even taking an extremely generous heating regime, energy 
used in dwellings in Lumsden is excessive.

It is unlikely that this heating regime is followed 
by very many people for several reasons. Firstly, whilst 
43% of houses are occupied by retired people, an 
a<3ditional 1.5% by the unemployed, and 30% of houses 
having non working women, making 74.5% of houses which 
may be occupied during the day on weekdays, the other 
25.5% are unoccupied during much of the assumed heating 
Period, and thus will not be heated, whilst even many of 
the potentially occupied houses will not be occupied all 
day every day of the year.
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Secondly, very few people heat their entire dwelling 
to the same temperature, nor do they heat even the 
central living space all the time. Those that do are 
typically people with full central heating and a 
plentiful supply of either cheap fuel or money. Those 
without central heating almost all only use one point 
heat source most of the time, usually the living room 
open fire. The whole of the rest of the house is 
normally only heated in extremely cold conditions or for 
short periods, such as electric heat in bedrooms for an 
hour or so in the evenings.

The mean energy use figure is brought down 
considerably by those dwellings with only electricity for 
heating, and whilst the low energy use in these houses 
can be partly explained by efficiency of conversion to 
heat, it is felt that most people suffer a lower standard 
of heating due to the expense of this fuel.

Although the very high energy use figures might be 
oxplained by errors in the survey of heat loss, 
Particularly in the figure for ventilation rates, it is 
felt that most of this excess energy is lost by 
inefficiencies in fuel conversion.

It is popular to decry the use of electricity for 
space heating as very wasteful of energy, given the below 
40% efficiency of power stations, it is normally 
Su9gested (4) that with potential efficiencies of up to 
80% in domestic solid fuel burning appliances, it makes 
touch more sense to burn fossil fuels directly than to
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convert them to electricity and then to heat.

Yet in the Lumsden survey area, only 9% of houses 
have any form of solid fuel stove, or any other kind of 
fossil fuel boiler system (oil or gas), whilst a further 
14% of houses (all in the local authority sector) have 
closed anthracite fires utilising existing chimneys. By 
contrast, 55% of houses have open fires, many with old, 
unlined chimneys and large open grates. Although it is 
impossible to measure accurately the conversion 
efficiency of these fires, this could go down to 10 or 
15% in some cases (5). Testing this hypothesis by 
comparing houses with open fires, with those with newer, 
more efficient solid fuel stoves shows little obvious 
saving, but since solid fuel stoves typically run large 
Central heating systems, and tend to be installed in the 
owner-occupied homes of the professional and 
self-employed sectors, it may simply be that these people 
choose to heat their houses more completely.

Recalculating the figures for useful energy based on 
conversion efficiencies of 90% for electricity, 80% for 
dosed fossil fuel stoves running central heating, and 
20% for solid fuel burnt on open fires, produces a rather 
more realistic figure of 143%r i.o« only 57% of the 
energy needed for the suggested heating regime is 
a°tually used.
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Policy for increasing fuel use efficiency and 
heating conditions in dwellings has long been restricted 
to insulation standards, whilst public interest in new 
fuel burning appliances is generally limited to the 
provision of full central heating, which is outside the 
budgets of the rural poor, and of most local authorities 
at present. Yet it is felt that considerable fuel 
savings, and/or improvements in heating standards, could 
be made by encouraging the installation of small, simple 
and efficient solid fuel burning stoves and new flues. 
Most of the available appliances are expensive and 
concentrate on larger units for running central heating, 
and the development of smaller, simple units adapted for 
burning wood and peat could drastically improve energy 
use efficiencies in an area such as Lumsden,

Assuming that 'laboratory efficiencies' of up to 80% 
(6), could not be achieved in practice, due to variations 
in fuel quality and user competence, but that such units 
could work at 70% efficiency in all the homes in Lumsden 
^hich currently only have open fires, percentage useful 
energy figures would be 124.4%, reflecting either an 
energy saving or a more comfortable heating regime.

Turning to the attitudinal questions, the response 
hcre was very mixed. The large section on the use of 
different fuels, worded to get reaction to the prospect 
°£ their increased use nationally during the next ten 
years, produced a higher confidence in solid fuels and 
electricity than other types , and a particularly high
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confidence in the use of peat.

7.1.1.4. Energy Use in Transport-

Turning to fuel use in transportation, only travel 
to place of employment or education was considered, it 
being felt to be impossible to accurately measure other 
travel, whilst if this was done, variations may rely more 
on individual whim than on necessity. An assessment can 
be made however, of local travel to retail outlets by 
those respondents living outside the village.

Miles travelled to work or school daily was 
recorded, as was a variable for mode of travel, under the 
categories: car with single occupant, shared car, bus, 
motorbike or moped, and bicycle or walking. An 
assessment was made of energy used based on national 
averages (7), for estimated numbers of days a year 
differing between employed people and those in education.

For Lumsden, mean miles travelled each way per day 
tor the head of household was 5.7, representing an energy 
use of 37.37MJ each way per day. Total MJ used in travel 
per annum for all household members, per household, was 
2 8 0 0 9Mj , about 1 5% of household energy use, and quite a 
*arge figure considering the number of retired people and 
others not travelling to work. In fact school children 
It'ak® up the majority of the travelling, and do so by a 
^uite efficient means, bus or shared car, in which there
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is little room for savings. The small numbers of adults 
travelling makes it unlikely that any energy savings can 
be made by having recourse to such things as car sharing.

Adding a figure representing two return journeys a 
week per household into Lumsden for all car owning 
outlying residents gives an additional 1371MJ, so that 
total necessary local travel energy use is 29380MJ per 
person.

7.1.2. Cuminestown-

7.1.2. !. Heating Installations-

Cuminestown data was processed in the same way as 
the Lumsden data, building up a picture of energy use in 
MJ, and the heat loss from dwellings, and a final figure 
was produced comparing energy use with energy need under 
the hypothetical heating regime, by the formula: ;
.Energy needs to satisfy heating regime (MJ)x!00 

Energy use (MJ)
* Percentage excess or shortfall.

In terms of heating type, 93 of the 116 dwellings 
have an open fire or solid fuel stove which they use most 

the time, 6 have oil fired central heating, three use 
b°ttled or bulk gas extensively, 10 have electric 
°ff-peak storage heating and 10 only have electric fires 
°r radiators without the benefit of white meter tarrifs. 
As in Lumsden, solid fuel burning predominates, with coal 
being the main (or a main) fuel for 78 houses, very
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little smokeless fuel, ((3 houses), unlike in Lumsden, 
where many council dwellings have had anthracite stoves 
installed, and this is an important fuel type), purchased 
wood for 37 homes, home cut wood for 26 homes, purchased 
peat for 22 and home cut peat for 12 houses.

As in Lumsden, the occupants of houses with electric 
ceiling heat have been promised that a new system will 
soon be installed, and as in Lumsden, the fear of 
switching on this expensive heating at all means that 
these households actually consume fairly small amounts of 
f uel.

Assessing heating types by tenure, 9 of the 36 
council houses have some form of central heating, a 
smaller proportion than in Lumsden, though 6 of these 
have ceiling heat, whilst one has off-peak electricity 
and two have radiators run off the back boiler of open 
fires.

Again there was found to be some correlation between 
occupation and central heating type, with 64% of farmers, 
58% of retired people and 100% of unskilled manual 
w°rkers having no central heating, as against 25% of the 
self-employed and none of the professionals.

In the owner occupied sector, 40 of the 75 houses 
have some form of central heating, with solid fuel stoves 
in 14, and 9 having radiators off an open fire back 
hoiler, the reverse of the situation in Lumsden.
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Six of the owner-occupied dwellings have oil fired 
central heating, and three have gas, so that all those
with gas, oil and solid fuel stoves are owner-occupied

8 houses have electric storage heat. (See Table 7.5.)

Table 7.5. Domestic Heating Installations, Cuminestown.

Heating type Total
houses

Localauthority
Owner 
occ upied

Private
rented

Solid fuel 26 2 23 1
central heat 
Oil 6 0 6 0

0Bulk gas 3 0 3
Of f-peak 
electric

10 1 8
' 0

1
0Electric 6 6

ceiling heat 
Solar water 
heating

2 2 0 0

Table 7.6. Numbers of Dwe 11 ings Using BÀJL£—LÊÜi. HëAB 
Sol id Fuel Types, Cuminestown.

fuel type 
Coal
Smokeless fuel 
Purchased wood 
Home cut wood 
Purchased peat 
Home cut peat

No. of houses
78
3
37
26
2 2
12

390



Domestic hot water is largely provided by a 
combination of back boiler and electric immersion, whilst 
one house has no hot water system, and two use recently 
installed solar panels, part of a local hard sell 
campaign by one manufacturer.

Few council houses have any central heating in 
Cuminestown, only 25%, and of those that do the majority 
(20%), are occupied solely by retired people. In the 
owner-occupied sector, 53.7% have central heating, and 
this is made up of 100% of the professional and executive 
sector,75% of the self-employed, 100% of clerical grades, 
43% of skilled manual workers, 42%of the retired, 36% of 
farmers and none of the unskilled manual workers. So 
there is a clear correlation between central heating and 
occupation, though this may not be entirely based on 
income, for instance a smaller percentage of farmers than 
°f retired people have central heating.

Two of the five private rented dwellings have 
central heating, one with a back boiler on an open fire, 
end one with off-peak electricity. These two houses, 
Predictably enough, are the manse and the doctor's house.

In all but 10 of the sampled houses, electricity is
fuel used for cooking, whilst 4 dwellings use solid 

^uel cooking stoves, rather fewer than in Lumsden (one of 
these has no electricity), and 6 use gas for cooking. 
Reliance on electricity is therefore rather greater in 
Cuminestown than in Lumsden, making the occupants 
sli9htly less adaptable to using local fuel resources.
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In terms of preferred heating types, fewer people 
expressed a desire to change their heating installations 
in Cuminestown (53 respondents), than in Lumsden, largely 
as a result of the lower number of private rented 
dwellings and the high number of owner-occupied houses, 
over which people have greater control. Even if 
financial constraints dictate that they could not change 
to a preferred heating type, they are more reticent about 
admitting to this than are people in rented dwellings. 
As in Lumsden, central heating preference was largely for 
solid fuel back boilers (18 respondents), though »q 
People expressed a desire for mains gas if it were to 
become available. 6 people wanted central heating but 
had no preference as to what type, whilst 4 preferred oil 
and 6 electric off peak-storage.

Fewer people still were actually intending to change 
their domestic heating system (17 respondents), and of 
these the majority wanted solid fuel stoves or electric 
storage heat, for a variety of differing reasons.

Table 7.7. Preferred Heating Type, Cuminestown.

Heatii Type No. of Respondents

^entral heating 
^Pen fire back boilerMains Oil gas
Electric off-peak 
Ar>y central heating

53
18
!<)4
6
6
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7.1.2.2. Energy Use and Heat Loss-

Calculations of fuel use were made in the same way 
as for Lumsden, and mean corrected energy use per 
household was 161555MJ per annum, with around 31.5% of 
this being in the form of electricity, 39.5% coal, 3% 
smokeless fuel, 4% home cut wood, 7.5% bought wood, 5% 
bought peat, 6% home cut peat, 2% gas, 1.5% oil and 0.01% 
paraffin. There was no diesel generation of electricity. 
Thus coal and electricity use are higher in Cuminestown 
than in Lumsden, largely at the expense of smokeless fuel 
and wood.

Table 7.8. Percentages 
Cuminestown-

guel̂  Type 
Coal
Electricity 
Smokeless fuel 
Purchased wood 
Some cut wood Oil
Home cut peat 
Purchased peat 
Gas
Pa«"affin

of Different Fuels Used ,

%of Total Fuel Use
39.5
31.5
3.0
7 -S4.0
1.5
6.0
5.0
2.0 
0.0
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Fuel use per household varied from 27660MJ to
395518MJ, a larger range than in Lumsden , and the
standard deviation was higher, reflecting a very large
spread of fuel use.

As in Lumsden, most of those households consuming 
the least energy have no solid fuel burning appliances, 
and rely almost entirely on electricity for heating, and 
again the figures are positively skewed, with more 
extremes at the upper than at the lower end of the fuel 
use spectrum.

In the same way as for Lumsden, U values for 
different construction elements were used in conjunction 
with gross floor areas and estimated ventilation rates, 
to calculate the heat loss from individual dwellings for 
a hypothetical heating regime. Meteorological figures 
for Dyce, Aberdeen were used to assess degree days, but 
this time not adjusted for altitude for the more lowland 
sample area, so a slightly lower heating level is 
required for Cuminestown than was the case in Lumsden.

The figure for energy needs/energy use x 100 for 
Cuminestown was 72.36%, higher than in Lumsden by around 
2.5%, whilst mean energy use is about 8% lower in 
Cuminestown, reflecting both Lumsden's higher location 
and slightly poorer housing quality.

When both energy use and energy need variables were 
divided by gross floor area, houses in Cuminestown were 
shown to use some 1800MJ per m2 gross floor area, with
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Lumsden slightly higher at 1860MJ. Energy requirement in 
Cuminestown is 1230MJ per m2, in Lumsden 1298MJ per m2. 
Energy needs divided by energy use per m2, multiplied by 
100 is 68.3% for Cuminestown and 69.8% in Lumsden, 
therefore both villages perform very much the same per m2 
of gross floor area.

Again, the range of values for useful energy use was 
very large, indeed even larger than in Lumsden, ranging 
from 14.7 to 200%, with some houses using 7 times more 
energy than they would appear to need, others only half 
their requirement for the hypothetical heating regime. 
The latter category is largely made up of very large, 
under-occupied old houses where only a portion is heated.

How far personal heating habits may influence 
results is exhibited by the dwelling using 7 times more 
energy than is required for a generous level of heating. 
This house uses more energy than any other in 
Cuminestown, yet is a small (65m2), newly renovated 
bungalow with a high standard of insulation, only two, 
retired occupants, and a new, ostensibly efficient, solid 
fuel burning stove. Their excessive energy use can 
Presumably be explained by a desire for high 
temperatures, coupled to a tendency to leave all doors 
and windows open. Although such extremes emphasise the 
randomness introduced by the 'human factor', it is felt 
that statistical significance remains good due to the 
sampie size, which tends to iron out such eccentricities.
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The same potential errors caused by non-heating fuel 
use apply as for Lumsden, and again the low total size of 
this sector means that heating can remain the main focus 
of attention. The same calculation can be done as for 
Lumsden to assess the percentage used for non space 
heating purposes, and 83.9% of energy use is estimated to 
be in space heating. Removing the non space heating 
energy load changes the useful energy figure from 72.36% 
up to 81.21%.

Although domestic energy use per household is lower 
in Cuminestown than in Lumsden, it would still seem to be 
excessive based on the hypothetical heating regime.

With 33% of houses occupied by retired people, 2% by 
the unemployed, and 30% of the remainder having 
non-working women, 65% of houses may be occupied during 
the day time on most days, a larger proportion than in 
Lumsden, which may reduce the energy requirement in 
Cuminestown somewhat. Thirty five percent of houses are 
thus likely to be unoccupied for a considerable part of 
the heating season.

As in Lumsden, those without central heating 
typically use only one point source of heat, which in 50% 

cases is an open fire, normally burning coal as the 
main fuel source, and again, those houses using only 
electricity tend to use considerably less energy than the 
°ther s.
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In Cuminestown, 12% of houses have solid fuel 
stoves, with 7.8% having oil or gas central heating, 
making a total of 20% of houses with 'improved' fossil 
fuel burners. Many of the houses with open fires may 
have good, efficient grates and flues, and there must 
certainly be a large range of efficiencies for solid fuel 
open fires, but a majority, though a smaller majority 
than in Lumsden, have low efficiency fuel conversion 
systems, perhaps going down to 10 or 15% in some cases.

Again the lack of a relationship between fuel use 
and the type of solid fuel burning appliance can be 
explained by the fact that it is the professional and 
self-employed respondents who tend to install expensive 
solid fuel stoves for central heating purposes, and they 
also tend to expect a higher level of heating throughout 
their houses.

Recalculating fuel use based on conversion 
efficiencies of 90% for electricity, 80% for closed 
fossil fuel stoves running central heating, and 30% for 
s°lid fuel burnt on open fires, produces a figure of 
135%, i.e. only 65% of the energy needed to fulfil the 
hypothetical heating regime, is actually used.

Since no council dwellings have closed stoves, the 
^vantages which could be accrued by the installation of 
!tl0re efficient solid fuel burning appliances in 
Cuininestown are even greater than for Lumsden. If many 
People could provide their existing level of heating by 
burning less fuel, local resource use, presently at

397



around 18% of total energy use, could increase in 
proportion to the imported percentage, thus increasing 
local energy autonomy considerably.

Adjusting the figure for energy use efficiency to 
70% for households presently using open fires, to reflect 
the potential savings to be generated by the installation 
of more efficient appliances, gives a figure of 79.0%, 
for useful energy. By contrast, adjusting construction 
figures to reflect the position were all houses to have 
100mm of loft insulation (fibreglass), gives a figure of 
65.8, assuming that inefficient open fires are still 
used.

2.1.2.3. Energy Use in Transport-

As in Lumsden, the Cuminestown survey only included 
travel to place of employment, recording travel mode 
under the same 4 categories.

Mean number of miles travelled each way per day for 
heads of household was 5.7, exactly the same as in 
Lumsden, but representing a slightly lower energy use of 

each way per day, due to differences in travel 
^ode, particularly the fact that more people work 
^■°callyf and thus can walk to work.
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Total energy used in travel per annum for all 
household members was 24786MJ per household, a lower 
figure than in Lumsden, and again around 15% of household 
energy use, in spite of the considerably larger number of 
both workers and school children in Cuminestown. Energy 
use is lower however due to greater local employment and 
schooling, together with the rather shorter distance to 
secondary schooling in Cuminestown (Turriff), than in 
Lumsden (Huntly) .

Again, adding a figure representing two return 
journeys per household per week to Cuminestown for 
outlying residents having cars gives 832MJ extra per 
household, so that total necessary local travel energy 
use is 25617MJ per household. Again, despite shorter 
distances than in Lumsden, this travel can be considered 
to be below minimum requirement.

Indeed, looking at the travel to work of car owning 
heads of household, at around 14 miles per day, 2800 
miles per annum, it can be seen that actual travel is 
likely to be much greater. Average figures for vehicle 
miles per year are normally taken to be about 10000 to 
12000 (8 ), so that travel to work may represent only 
about 25% of the actual energy used. 10000 miles 
rePresents 1350 litres of petrol, at 47MJ per litre. 
This is 68000MJ per car, a touch higher proportion of 
domestic energy use, and a figure which could probably be 
dramatically reduced by voluntary constraint.
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7.2. Energy Use Patterns, Agricultural-

7.2.1. Lumsden-

Considering capital on the farm, and firstly 
mechanical plant, fuel use on plant appears to be some 20 
1itres/hectare/annum on the farms for which this figure 
was available, though it proved to be a difficult 
variable to ascertain, and only a minority of farms could 
produce it off hand. This gives an energy consumption of 
20 x 47MJ/litre = 940MJ/hectare/annum.

In terms of buildings, there are some 1.2 square 
metres of buildings per hectare of land, though this 
total figure is somewhat irrelevant In the absence of 
statistics on fuel use in buildings. On all the farms, 
buildings were mainly machinery and hay stores, and 
unheated stock wintering. Only two farms had silos, and 
the only heated building on the farms surveyed was a 
small pig unit. Small amounts of occasional lighting are 
the only energy use involved, so that farm buildings in 
this area have little significance for energy consumption 
°r the energy resource.

There are no grain driers in this predominantly 

Pastoral area, where much arable land is given over to 

P°tatoes and turnips.
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Most farms operate a system of using 120kg of NPK 
fertiliser per hectare, needing 5470MJ in its 
manufacture, and for the 32% (700 hectares) arable land 
this represents84 tonnes, or 3829000MJ for the whole 
survey area (9) .

With 1000 sheep, 800 cattle, 50 poultry, 25 pigs and 
12 horses in the sampled farms, this is supplemented by 
some 960 tonnes of manure (10), representing a potential 
14378713MJ of fertiliser value. (Since these figures 
cannot be measured, they are assessed from published 
material (11)). These figures represent the whole 27km2 
of the survey area. The majority of the manure, other 
than perhaps that from sheep (2000000MJ), is currently 
well used, although most is randomly spread by animals in 
the field, rather than being controlled spreading of 
slurry.

Turning to attitudinal questions, many of these 
Produced little response from the farmers involved in the 
survey, largely through lack of interest in issues, but 
slso because of a perceived repetition with the domestic 
survey.

Only one farmer felt that chemical fertiliser use 
and the intensiveness of farming might decrease, and that 
mixed farming might return to areas which have 
increasingly gone over to monoculture, the rest being 
United in their opposition to this proposition. One 
other person felt that organic farming would grow in 
importance, one felt that the number of field operations
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would decrease, whilst no-one thought that the number of 
small plots would increase, or that friction between 
farmers and conservationists would change. Few strong 
opinions were held on any of these issues, many of the 
suggestions seeming impossible or irrelevant to farmers, 
reflecting a high level of conservatism, a basic 
unwillingness to change and a belief in present farming 
systems.

Although the sample in the farm survey has been in 
no way comprehensive, it does reflect a fair 
cross-section of tenure types and farm sizes, and whilst 
more might be done in the future to ensure a fuller 
coverage, the basic problem of farm boundaries not 
fitting in with survey areas, and management units not 
being central to the farms geographically, still exists, 
s° that the population as sampled is probably as 
representative as it will ever be.

It might however be worth bearing in mind for future 
surveys the possibility of biassing the survey in a 
rather elitist manner, by trying to sample more of the 
larger landowners, to get a fuller coverage of land, much 
°f which has potential as an energy resource.
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7.2.2. Cuminestown-

On farm fuel use in Cuminestown, as in Lumsden, was 
largely restricted to mechanical plant. Ten respondents 
were able to give a figure for diesel used, which 
averaged 74 litres per hectare, representing 3525 
Mj/hectare/annum, 7,050,000MJ for the survey area, and 
around 25% of total domestic energy use for the area, 
(adjusted to include non sampled homes). This is nearly 
4 times more energy per hectare than that consumed in 
Lumsden, as might be expected in a predominantly arable 
area.

In terms of buildings, there are some 8 square 
metres of building area per hectare of land, again a 

larger amount than in Lumsden, as a result of the lack of 
less productive hill land. Energy use in these buildings 

Is also greater, particularly since four farms in the 
sample operate grain driers. Since one of these is 
electric, and its energy use is incorporated into the 
farm house bill, and another has electric, oil and solid 
fuel driers, and no accurate fuel figures are available, 
Accurate assessment of energy use in grain drying is 

difficult.

One farm uses a gas drier consuming some 818kg of 
9as per annum, representing 32720MJ, or 500MJ per hectare 
°f arable land, l/7th of the amount used in mechanical 
Plant. Another farm with a diesel grain drier consumes 
4500 litres/annum, including mechanical plant. Making an
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allowance for mechanical plant of 3525MJ/ha, this leaves 
270MJ/ha for grain drying. Interpolating the perhaps 
more reliable 500MJ/ha to all arable land in the area 
(75% of total land), gives a total energy use figure for 
grain drying of 1500 x 500 = 750,000MJ, a relatively 
small amount compared to the 7 million MJ used in 
mechanical plant.

Other building energy use tends to be more sporadic 
and not as easy to make statistical generalisations 
about, as it relies on the non-land related enterprises 
of individual farmers. Thus one farm in the sample has a 
pig house for 25 sows, one a poultry house for 5000 
birds, one a dairy distribution business and one a large 
building with refrigeration facilities for potatoes. All 
of these enterprises are run using electricity on the 
same meter as the dwelling, and although the electricity 
bills for these farms are very large, it is not possible 
to separate out the amount used for agricultural 
Purposes.

The only other large energy input to consider is 
fertilisers, and to a lesser extent, pesticides. Most 
farms operate a system of using 120kg/hectare of NPK 
fertiliser on arable land, and with 608 cattle, 282 
sheep, 25 pigs and 5500 poultry on farms for which 
figures were available, this is supplemented by some 676 
tonnes of manure (dry weight), representing a potential 
i0l38058MJ of fertiliser value (12).
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This then represents 5470MJ of NPK fertiliser per 
hectare, 10940000MJ total for the area. It is assumed 
that, given the mixed nature of the farming pattern, good 
use is already made of the organic fertiliser resource, 
though this sector is considered again in section 8.

7.3. Energy Use Comparisons-

Table 7.9. gives details of overall energy use 
within the two main survey areas, with figures being 
adjusted to cover the entire sample area, rather than 
merely the sampled dwellings and farms.

In both main survey areas, domestic energy use is 
greater than all other sectors put together, and imported 
chemical fertilisers are the greatest agricultural input. 
Even if travelling is expanded to include all journeys, 
not merely essential ones, domestic space heating still 
remains the largest single sector. Although the 
dominance of this sector might be expected on a national 
scale, it is perhaps somewhat surprising in predominantly 
farming areas with low population densities.

For both areas a comparison between total delivered 
domestic energy and actual useful energy demonstrates the 
value of being able to conserve energy by more efficient 
conversion, on total energy use in the area.
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Table 7.9. Summary of Energy Use.

MJ/Annum MJ/Annum
Lumsden Cuminestown

Domestic energy use 
(delivered to house, MJ)

22199616 28364367
Needs/use x 100, % 69.83 72.36
Mean delivered energy 
per household.

175699 161556
Domestic energy use (adjusted 
for low appliance efficiency)

10840553 15667523
Heating component (%) 89.10 83.90
Non heating component (%) 10.90 16.10
Transportation energy/household 28009 24786
Transportation energy use, 4215023 5175308
Total adjusted for non-work 
journeys.

4289472 5378545

Agricultural machinery energy 
use per hectare

940 3525
Total ag. machinery use 2538000 7050000
Agricultural buildings/grain 
drying, (MJ/hectare)

000 500
Total agricultural building use 000 750000
Imported fertilisers/arable ha 5470 5470
Imported fertilisers, total. 3829000 10940000
Pesticides, total. 35000 75000
Total agricultural energy 
use per hectare

6460 9545

Total agricultural energy use 6402000 18815000

Total energy use, all sectors 
Per household.

246305 275954

total energy u s e , all sectors 32811088 52557912

Outside the frame of reference of the survey, energy 
Use is likely to be considerably greater in Cuminestown 
than in Lumsden, due to the number of retail outlets and 
small businesses in the former. Yet within the surveys, 
L'Jmsden exhibits higher energy useage per household in
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both domestic and transportational sectors, whilst 
Cuminestown, as might be expected, has much higher 
agricultural energy consumption per hectare, and for the 
area as a whole, despite the larger area covered in the 
Lumsden survey. The higher population of the Cuminestown 
survey area means that both domestic and transportational 
energy are higher than in Lumsden, when aggregated for 
the areas as a whole.

The factors leading to a higher household energy 
consumption in Lumsden are; the higher proportion of 
non-working people at home during weekdays, the somewhat 
poorer condition of the housing stock, particularly in 
the private rented sector, the slightly larger houses, 
and the slightly poorer climatic conditions, coupled to 
the fact that more houses are in exposed positions 
outside the village itself.

Lumsden also makes rather better use of local and 
free energy resources than does Cuminestown, with the 
local resource making up some 23% of domestic energy use 
in the former, compared to 18% in the latter, and the 
free resource making up 11% and 8% of the total in the 
respective areas. Perhaps surprisingly, the use of 
home-cut peat is higher in Cuminestown, although local 
Availability would appear to be lower, whilst it is 
timber which makes up most of Lumsden's free and local 
resource use. The statistical significance of these 
figures is somewhat dubious however, since the figures 
Are heavily influenced by only a few houses making
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maximum use of peat and wood supplies.

The Dunecht survey did not produce sufficient energy 
use data to work out total household energy use, with 
valid, complete observations for only 7 cases, but it is 
likely that the use of free resources, with no peat 
supplies and most timber controlled by the estate, is 
low, whilst the use of the local resource, with most 
people purchasing wood from the estate, is high.

Correlation between energy use and housing standards 
proved surprisingly difficult, and personal habits of the 
occupants, in terms of heating regimes and ventilation 
conditions, seem to make a considerable difference to the 
results. Yet one cannot conclude from this that such 
measures as insulating dwellings are fruitless, for they 
may allow occupants a far greater degree of comfort for 
the same amount of energy. One simple, if seemingly 
patronisingly obvious measure, may be to stress 
ventilation levels, both in terms of draught proofing 
structures and changing personal habits, as major forces 
in heat loss.

Compared to domestic energy use, transportation and 
a9 ricultural energy use, as measured, show fewer 
•Opportunities for savings. Although many car owners may 
he able to restrict their travel, or use more economical 
Chicles, socially speaking there appears to be a 
transportation shortfall, rather than an excess, with 27% 

households in Lumsden, and 2 0 % of households in 
Cuminestown having no car, and are therefore restricted
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to a bus service which, particularly in Lumsden, is 
largely limited to essential services such as journeys to 
and from school. Although the normal arguments on the 
provision of public transport, post buses, minibuses and 
travelling services, apply, it is unlikely that such 
provision could make any difference to energy use by 
encouraging present car owners to make more use of public 
services, unless the level of provision was to be 
increased many times over.

Nationally, domestic energy use makes up some 25% of 
total energy use, passenger transport 12.5%, and 
agriculture only 1% (13). In the survey areas 
agriculture obviously makes up a much higher proportion 
of total energy use, whilst transportation energy use, 
though expected to be high in rural areas, is actualy 
only around 50% of the national average compared to 
domestic energy use. This again confirms that the 
essential journeys considered are likely to make up only 
a fraction of the total energy used in transport.

It is beyond the remit of this project to suggest 
the complete changes in agricultural systems which might 
be necessary to conserve energy in the farming sector. A 
Pastoral system such as in Lumsden certainly reduces the 
amount of imported fossil fuel and fertiliser energy 
compared to more arable Cuminestown et Cuminestown's 
system of production makes more efficient use of the 
incident solar energy, and when this is taken into 
account, may be a more efficient agricultural form.
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Aside perhaps from the special case of intensive animal 
rearing, which in the case of pig rearing for instance, 
is ostentatiously wasteful of energy, savings must be 
made within the existing agricultural pattern. As 
such, in mixed farming areas where good use is made of 
available organic fertiliser resources, and there are few 
uses of energy in farm buildings, opportunities for 
savings seem minimal, and linked to such factors as the 
technology level of agricultural machinery. The use of 
local resources arid renewables in grain drying is one 
potential area of saving, though currently only a small 
proportion of energy use in Cuminestown, and not a factor 
at all in Lumsden.

The agricultural sector, as section 8 demonstrates, 
can make far greater contributions to the energy resource 
than it can to energy saving.
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8.1. Domestic Resources (All Areas) -

8 .1 .1 . Introduction-

Although the energy resources of Cuminestown and 
Lumsden are primarily agricultural in nature, aside from 
the universal resources of solar and wind power, there 
are some small energy resources available in the domestic
sector.

Unnecessary energy use might be considered to be a 
resource in itself, and the saving of it to be a positive 
usage of that resource. Yet these energy uses have been 
considered in Section 7, aside from the potential savings 
to be made through building design, i.e. passive solar 

design.

2. Passive Solar Design-

Section 2.3, on energy economics, has demonstrated, 
f°r one passive solar energy project, a saving of 1314 
kwh/annum (4730 MJ) for single bedroom flats over similar 
conventional flats constructed to minimum building 
re9ulations standards. Average gross floor areas of 
dwellings in the two main survey areas are almost double 
that of these flats, so that potential savings to be made 

building new houses in this way might amount to 
8000MJ/annum, which represents only 5% of total energy
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use. Additionally, energy payback times for the 
additional energy required in construction are long, and 
though useful savings might be made by introducing these 
techniques into new housing, the replacement period for 
the entire housing stock is necessarily a very long one, 
and savings are dwarfed by the savings which could be 
made in fuel conversion efficiency.

8.1.3. Human Labour-

Within the dwelling unit is a convenient place to 
consider the role of human labour as an energy source.

Section 2.2. concluded that the contribution which 
can be made by human labour, particularly within 
agriculture, when it is considered purely as a source of 
energy, is minimal, with a reasonably fit manual worker 
having the useful output of a 100W light bulb. Obviously 
however, the availability of human labour is important in 
so far as respondent's ability to make use of other 
resources, such as wood and peat, is concerned.

The actual unemployed labour resource in both 
Cuminestown and Lumsden is quite small, at 3.22 and 1.57% 

the population respectively, representing, in energy 
terms, 7200MJ and 3 5 0 0MJ/annum, yet the total labour 
resource may be much larger.
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The current willingness of the employed sector of 
society to spend more time on energy related activities 
can be measured by the number of people presently cutting 
peat and gaining their own supplies of fire wood. There 
are 19 families in Lumsden cutting peat, 13 in 
Cuminestown, and 35 families in each area cutting 
significant amounts of wood themselves, not including 
those who buy in large logs and cut them up before use. 
For a large majority of these people, the free resource 
is a major component of their fuel use. These quite 
small numbers partly reflect availability, with peat hags 
being allotted historically to only certain houses and, 
particularly in Lumsden, estate dominance over both peat 
and wood supplies, together with the estate owners' 
reluctance to see these resources used.

Were access to these fuels to be improved, the human 
labour may well be available to make use of them.

Cross-tabulating confidence in the future of peat as 
a fuel source against the age of respondents produces the 
Perhaps surprising result that it is the younger people 
who are more in favour of this fuel. In age groups under 
45, for both areas aggregated, 75% of people felt that 
Peat would be a fuel of the future, whereas in age groups 
°ver 45, the figure was only 48%. Perhaps the older 
People's reticence about peat cutting is based on the 
disillusionment of experience, but nevertheless it is 
encouraging to find this confidence, albeit not backed up 
in practice, amongst the younger householders, in a
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traditional fuel source.

It should be noted however, that a slightly higher 
proportion of the older than the younger age groups 
actually cut peat. Extending the comparison by a 
cross-tabulation with occupation does not produce such a 
clear response, neither those in traditional local 
occupations, nor the professionals and self-employed 
sectors, seem to show any greater leaning towards peat as 
a fuel source.

Appendix 12 shows maps of local peat resources for 

the two areas.

So there would appear to be a considerable 
willingness, in theory at least, to apply available human 

labour to the gathering of fuel supplies; a willingness 
which springs largely from identification with a 

Perceived historically more independant culture, rather 

than from a more general interest in energy per se. It 
is difficult to say how far this armchair philosophy 
would actually be displayed in reality, were the means to 
gain peat and wood to be made available, but it seems 
fair to give the benefit of the doubt to those expressing 

an interest.

One interesting development was foiled by the estate 

deluded in the sample in Lumsden, which for two years 

let peat hags to an individual cutting with simple, 
tractor mounted equipment. However, this lease was 
withdrawn on the grounds that it was "not worthwhile", to
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the estate owners.

8.1.4. Domestic Wastes-

As stated in section 2.2, national resources of 
waste materials stand at 210PJ/annum, together with 
20PJ/annum of sewage. This converts to 400MJ of sewage 
per capita per annum, or 149240MJ in Lumsden, 228240MJ in 
Cuminestown. This represents less than 1% of domestic 
energy use in Cuminestown, and 0.7% in Lumsden.

The easiest way of utilising this small energy 
resource is probably to spread it on the land, a process 
which is not advisable without more advanced, means of 
processing, such as activated sludge treatment, than are 
available to individual or small groups of dwellings.

In terms of other domestic wastes, the figure of
4000MJ per capita per annum relates to all wastes
including industrial wastes, and cannot be directly 
applied to the rural domestic sector, where levels of 
wastes will be much smaller. In addition, the large 
number of houses with solid fuel heating already utilise 
rouch of their clean, easily converted waste, in the shape 
°f newspapers and paper packaging, for lighting fires, 
and it is estimated that the domestic waste not presently 
used is unlikely to be much greater that the sewage 
resource. This waste is also much more difficult to use 
as fertiliser, and the optimum use is for most of the
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dry, clean waste to be burnt, perhaps by collection from 
homes without solid fuel fires, and redistribution to 
those with fires.

Even so, the difference which such a policy would 
make would be at best marginal, and a high estimate of 
the available resource would put it at the same level as 
sewage, 149240MJ in Lumsden, 228240MJ in Cuminestown.

8.2. Agricultural Energy Resources, Lumsden-

_8 .2.1. Introduction-

Since the agricultural system represents the main 
difference between the two principal survey areas, the 
agricultural energy resource will be dealt with 
seperately for each area.

As with the domestic sector, potential savings in 
energy use could be considered to be an energy resource, 
though since most of these have been considered in the 
Previous section, the only one that remains relates to 
Passive solar design. Since energy use in buildings, 
aside from grain drying, is sporadic and particular to 
Certain farms in both areas, it cannot be generalised 
about enough to explore the resource. In Lumsden indeed, 
building energy use is virtually non-existent.
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8.2.2« The Food Resource-

Obviously the most economically important energy 
output from agriculture in almost any area is food, both 
crops and animal produce, the latter being the more 
important, economically at least, in Lumsden. Average 
grain production per hectare of arable land is 4 

tonnes/hectare, 2 tonnes in the average year in the 
rotation, representing some 80000MJ/ ha/annum, 72000000MJ* 
for the Lumsden area, with its 900 hectares of rotational 
arable land (1). with an estimated 67% of barley in 
Scotland being either retained on farms or sold to other 
farms for animal feed (2), this leaves 33%, 24000000WT, 
exported from the system. Lumsden's production of 750 
beef cattle, the milk from 60 dairy cows, 1000 lambs, and 
pigs from 25 sows, make up an additional energy content 
°f 24543340MJ/annum (Calculated on the basis of 
10000kcal, 41.83MJ per kilogram),making a total 
a9ricultural production of 48543340MJ/annum, compared to 
6405000MJ in agricultural energy use (3).

Cropping Wastes-

Straw production in the Lumsden survey, for the 10 
farms for which figures were available, was 171 tonnes. 
144 tonnes of this are used for animal bedding and feed, 
Whilst farms in the sample buy an additional 122 tonnes

419



of straw. So there is in fact a shortfall of 95 tonnes 
of straw which, although perhaps reflecting a bad year in 
this case, means that straw cannot be considered as a 
resource in Lumsden.

The 95 tonnes shortfall represents an energy use of 
some 1710000MJ, at 18000MJ/tonne (4), an energy 
requirement around 65% of agricultural machinery energy 
use, and therefore not inconsiderable. Having been used 
as bedding, straw may then be spread as fertiliser, so 
providing some, albeit reduced, energy value, but this 
has already been considered in the section on energy use.

Other cropping wastes, particularly the wet wastes 
from the large amounts of potatoes produced in Lumsden, 
may be presently underutilised, but since the sampled 
area is as large as the survey area, although not 
conforming to the same boundaries, adding this resource 
to the total resources of the area would unnaturally 
inflate them.

The best use for these wastes would probably be in 
an anaerobic digester, though the seasonal nature of the 
waste would maximise necessary capital expenditure, 
whilst fuel output would be low, and storage and use 
systems are expensive.
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8.2.4. The Timber Resource-

Probably the largest underutilised agricultural fuel 
resource in Lumsden is the timber resource. Currently 
1476300MJ of home cut wood are consumed in surveyed 
Lumsden homes, largely cut on land within the survey 
area, whilst 2231100MJ of bought wood are used, which 
although relatively local, originates outside the 
immediate survey area. Together these represent around 
15% of domestic energy use. The total resource, however,
is considerably larger.

Within the sample there are some three hectares of 
woodland used for fuel, two hectares of deciduous 
woodland not utilised for fuel, and around 100 hectares 
of coniferous forest attached to the sampled estate. 
Since woodland and forestry tends to be concentrated on 
the large estates, much of it is not included in the 
sample. Aside from the sampled farms, one estate has 
some 50 hectares of unmanaged deciduous woodland, and

another 100 hectares.

Production of timber by trees in commercial forestry 
is around 12 tonnes of dry matter per hectare per annum, 
for most species, though differences in volume may be 
great. For the perhaps rather less productive forestry 
°f Lumsden, 10 tonnes per hectare is taken for coniferous 
forest, 6 tonnes for deciduous woodland. All these 
resources in Lumsden are presently lying idle, and if
frees were to be thinned at the growth rate, an annual

421



production of' 45000000MJ is possible, around double 
present household energy use in the area.

Winning this amount of fuel might be difficult 
without clear felling, yet certainly considerable amounts 
of fuel could be taken by organised individuals, making a 
large difference to the local fuel bill.

8.2.5. The Peat Resource-

The peat resource around Lumsden is very large 
considering the low number of users and potential users. 
It consists of around 20 hectares of low lying, wet peat, 
situated around half a mile from the village, and though 
popularly said to be useless as fuel, used by several 
respondents, and hill peat on the 'Cabrach', outside the 
actual survey area, but largely on land owned by the 
large estate in the sample.

The latter resource covers at least 200 hectares. 
Assuming a peat depth of only 0.5m, this then represents 
a total of lC00000m3 of peat, about 500000 tonnes dry 
weight. At 20000 M^tonne, the total resource is thus 
11000 million MJ. Even if this resource is treated 
somewhat artificially as a fully renewable one, and the 
depletion time is assumed to be 2000 years to allow for 
regeneration, this represents 5500000MJ per annum, some 
15% total annual fuel use for all purposes (6 ). If a 
depletion time of 100 years xs taken, then the annual
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resource is 110000000 Mjper annum. The real limiting 
factor is not the actual resource size, but the ability 
to gain the fuel.

Currently, extracting peat from the lowland source 
near the village has been reduced to the level of 
poaching by one major landowner, despite historic rights 
of access, whilst the situation on the large estate 
included in the sample, aside from the one experimental 
lease previously mentioned, is now roughly the same.

8.3. Agricultural Energy Resources, Cuminestown-

8 « 3.1 ̂ The Food Resource

Food output in Cuminestown is greater, in terms of 
energy content, than that of Lumsden, reflecting the 
greater emphasis on crops than on animal produce, as well 
as the much greater energy input to agriculture.

Average grain production per hectare of rotational 
arable land is 4 tonnes, representing 
80000MJ/annum/hectare, 120000000MJ for the area as a 
whole, with an estimated 1500 hectares of arable land 

(7). with an estimated 67% of barley kept on farms or 

sold to other farms for animal feed, this leaves 
40000000 jjjj sold off farms for purposes other than animal 

feed (8).
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Annual animal production of 550 beef cattle, 300 
lambs, pigs from 25 sows and the eggs from 5447 poultry 
makes up an additional energy content of 12301019MJ (9). 
Assuming similar patterns of production on farms not 
surveyed, this gives 24602038MJ for the whole area. 
Animal and crop production makes up a 'farm gate' energy 
output of 64602038MJ, 3269MJ/hectare, compared to 
18815000MJ of agricultural energy use, i.e. a net food 
energy production of 45787038MJ.

8,3,2. Cropping Wastes-

Straw production in the Cuminestown sample was 1834 
tonnes, 1050 tonnes of this being produced by one farm. 
173 tonnes of straw are bought by sample farms, and 1604 
tonnes are used for bedding and feed on sample farms. 
With 230 tonnes sold, this leaves an excess of production 
over requirement of 57 tonnes, about 3% of total 
Production, a rather small amount, suggesting that this 
cushion may be needed against years of only marginally 
lower harvests.

However , 45 hectares of straw are burnt in the

^eld, at 3.6 tonnes/hectare for barley straw (1 0 ),

around 162 tonnes altogether, or 1 0 % of the total

resource. So to available total of 219 tonnes,

extrapolated for the whole area to 438 tonnes, at

l 8 0 0 0 M J / d r y tonne, represents an energy resource of
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7884000MJ, or about 110% of agricultural machinery energy 
use.

One farm in the area, though not one that it proved 
possible to include in the sample, has installed a small 
straw burning stove, largely for domestic use, and this 
already absorbs some of the resource. Straw burnt in the 
field is not entirely wasted however, for it provides 
some immediate fertiliser value, but the vast majority of 
the energy content is.wasted by this process. (1 1 )

8.3.3. The Timber Resource-

The timber resource in Cuminestown, though not as 
large as in Lumsden, does provide significant 
opportunities for local energy resource use. Currently, 
640100MJ of home cut wood are used in sampled homes, 
together with 1191400MJ of purchased fuel wood which, 
though more or less local, comes largely from outside the 
immediate survey area. This extrapolates to a total wood 
fuel consumption of 3296700MJ for the area as a whole, 
around 12% of total domestic fuel use. Yet the total 
resource is much larger than this.

There are only 11 hectares of mixed deciduous 
w°odland in the sample, of which only 2 hectares are 
Currently used for fuel. Yet large stands of timber were 
n°t included in the successful sample.
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Within the survey area there are actually another 30 
hectares of presently unused and under used deciduous 
woodland, with a potential productive capacity of 
3240000MJ, and a forestry commission plantation of 100 
hectares, which could produce 18000000MJ. Obviously 
however, the Forestry Commission plantation is already 
productive, or shortly will be, (this plantation is 
currently 15 years old) , and though thinnings and small 
branches and roots left in may constitute a significant 
resource in future, the nature of the operation makes 
this not a continuous resource, and the percentage of 
material currently used is not known. If only say 10% of 
this resource could be tapped however, together with the 
annual production of the underutilised deciduous 
woodland, 5040000MJ would become available, which would 
provide nearly 20% of current domestic usage.

j.3.4. The Peat Resource-

Home cut peat use is, perhaps surprisingly, higher 
in Cuminestown than in Lumsden, at 967500MJ for the 
sample, 1741500MJ for the area as a whole; i.e. around 
7% of the total domestic energy use. Mean usage of 
commercially supplied peat is some 4 times greater in 
Cuminestown than in Lumsden, largely as a result of the 
relative proximity of the two large commercial peat 
cutting operations around New Pitsligo.
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However, the potential for increasing peat 
consumption by home cutting in Cuminestown is less than 
in Lumsden, due to the scarcity of peat resources within 
and immediately around the survey area.

Some 20 hectares of peat deposits are situated near 
Cuminestown, but outside the actual survey area. This 
represents 100000 tonnes, 2000 million MJ . Thus the 
annual peat resource at the unrealistically long 
depletion time of 2000 years, is 1000000 MJ per annum 
(12). At a depletion time of 100 years, the resource 
becomes 20000000 MJ per annum.

8.4. The Non-Agriculturai Renewable Energy Resource-

j.4.1^ Water Power-

It is perhaps surprising that diffusion of ideas on 
renewables has gone so far that, aside from the straw 
burning installation already described, the two main 
areas contain examples of a new wind generator, three 
Solar water heating systems and a large private 
hydro-electric scheme, along with a wind turbine retailer 
(albeit only selling small windchargers for electric 
fences as a very minor part of a larger business).
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Yet the only one of these renewables for which one 
can meaningfully talk of the total resource, is water 
power.

Lumsden is in a larger catchment area than 
Cuminestown1s flatter landscape, and contains the only 
large stream in the survey areas. Scope for individuals 
to take advantage of water power is extremely limited, 
since major streams and the land around them tend to 
remain in the hands of estates, and the existence of 
fishing rights and other alternative uses tend to make 
usage for water power more problematical.

The extent of the inertia affecting estates in this 
matter is strongly evidenced in the case of the largest 
farm unit in the sample in Lumsden. This is the largest 
block of land in the survey, and incorporates a tenanted 
farm and around 10 let houses, as well as the 1732 
hectares managed 33 the home farm. On this estate a 
major hydro-electric scheme was installed by the 
grandfather of the present incumbent around the turn of 
the century, to provide electric lighting for various 
houses and farms in the area, as well as local street 
lighting.

At the time, this installation was obviously 
extremely advanced, and gave the estate electric power 
Generations before similar rural communities could boast 
it. <rhe hydro-electric plant was still the only form of 
electric power in the vicinity until the late 1960 s.
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water
Yet even given the existence of generating plant and 

storage capacity, and the potentially high 
availability of capital on an estate of this size, 
creating the perfect conditions for the use of such 
renewables, the estate, though professing an interest in 
private hydro-electric power, are unwilling or unable to 
find the money for the refurbishment of the existing 
plant.

A guide to the size of the available resource can be 
got by looking at the catchment areas and average stream 
heads of both areas. Catchment areas of all streams 
passing through the survey areas were taken, together 
with the maximum average head, i.e. average height of 
the start of streams, minus minimum height within the 
areas. The southern corner of the Lumsden area contains 
a large river, the Don, but this is omitted, since it is 
unlikely and indeed unreasonable to expect that its 
catchment area, encompassing a large area of Grampian, 
should be dedicated to the provision of electricity to 
Lumsden.

Lumsden streams have a catchment area of 110km2, at 
average maximum heads of 200m. Flow from this catchment 
area is likely to be around l.lm3/sec minimum, therefore 
6.4 x l.i x 200 x 3.6 = 5069MJ/hour, 44402688MJ/annum.

Cuminestown, catchment areas total 60km2, making flow 
0*6m3/sec, and average maximum head is 50m, thus 6.4 x 
0-6 x 50 x 3.6 x 24 x 365 = 6054912MJ/annum (13).
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Yet the economics and energetics of hydro-electric 
power schemes, as discussed in saction 2.3, are often not 
favourable even for larger schemes, whilst total 
utilisation of all runoff from the two areas would 
obviously be impossible. If say half the potential flow 
were to be used at a quarter the maximum head, these 
figures would become 5550336MJ and 756864MJ respectively 
for the two areas. Thus the hill area of Lumsden has 
considerably greater potential than has Cuminestown for 
water power, but though the potential resources are 
large, technical and access problems limit this 
dramatically, whilst the amount of financial input needed 
compared to energy produced, particularly for the 
smallest schemes, may be prohibitive.

8.4.2, The Wind and Solar Resources

The total wind, and particularly solar resource, in 
both survey areas, is immense, in terms of total wind 
power available and total incident solar radiation, at 
Ground 3348.8MJ/annum per cm2 for solar, and 131MJ/annum 
Per m2 for wind (14). Yet the idea of harnessing these 
diffuse resources to such an extent is patently 
Preposterous, whilst solar radiation is already used at 
°Ptimum, if low, efficiency in farming. Yet these two 
resources are more open to use by more individuals than 

water power, and anyone owning their own home, given 
Efficient capital, could potentially install such a
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system.

In terms of solar power, one house in Lumsden and 
two in Cuminestown have solar roof panels. The recent 
installations in Cuminestown, purchased by the present 
occupants, are popular with them, and rough estimates put 
the percentage of hot water requirement supplied at 50%. 
By contrast, the installation in Lumsden was installed by 
a previous owner of the house, and has now ceased to 
work. Since the manufacturer has gone out of business 
and the present incumbants show little or no interest in 
the system, it is unlikely that it will ever work again, 
although only about 6 years old.

A more realistic way of assessing the maximum 
possible use of the resource is to suggest a scenario in 
which all houses in the area installed 5m2 of solar 
panels, which could provide hot water up to half their 
heeds. (Attempting to supply a greater proportion means 
that much is wasted and the economics suffer). This 
would cost, at present prices, around £2000 per house, 
£300580 in Lumsden, £419920 in Cuminestown, for an energy 
saving of 5468MJ (15) per household per annum, 821846MJ 
in Lumsden, 1148061MJ in Cuminestown. Energy costs of 
capital could have a payback time of some 5 years (see 
Section 2.3), economic payback times are however unlikely 
to be less than the life of the equipment. Mass 
Production of panels could, and indeed already has for 
»a n y systems, brought this cost down considerably, but 
energy costs of capital are unlikely to reflect this
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downward trend.

It is less valid to take such a generalised scenario 
for wind power, which requires more space and is not so 
easily applied to small domestic usage, being sporadic 
and limited to electricity. A fairly far-fetched maximum 
usage scenario might be for all farms in the two areas to 
be able to replace half of their electricity usage with 
wind power, amounting to a total of 424200MJ/annum for 
Lumsden, 983200MJ for Cuminestown.

One farm in the Lumsden area, which remained 
unsurveyed, does employ wind power for pumping, though 
the exploits of these retired, incomer part-time farmers 
are treated with some scepticism by other members of the 
agricultural community, who consider that only those with 
a high level of capital available, and not too great a 
concern over losing money, could consider such a scheme 
seriously.

When it comes to renewable energy sources, one would 
Perhaps imagine that middle class incomers, taking up 
their rurality often as a form of rather idealised 
'escape', would have been more in favour of wind and 
solar power than other groups, yet no particular 
correlation between either age or occupation, and 
confidence in the prospects for renewables, can be 
gleaned, except that retired people have slightly lower 
confidence in these forms, often coupled to considerably 
^ss knowledge of them than other groups.
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The populace is split on the issues of wind and 
solar power almost evenly between the 'don't knows', 
those in favour and those against, though with slightly 
higher confidence in solar than in wind. Other sources 
are for the most part not known about, the issue of 
methane generation from waste, for instance, typically 
just produces incredulity amongst respondents.

8.5. Comparisons of the Energy Resource-

Table 8.1. presents a summary of the rural energy 
resources of Lumsden and Cuminestown as described in 
Sections 8.1 to 8.4.

When the utilised food resource is removed from the 
total, to leave the spare fuel resources, only Lumsden, 
with larger reserves of timber and peat than Cuminestown, 
has a local energy resource size greater than energy 
usage, although even in Cuminestown, resource size is 
over half domestic consumption. Although many of the 
resource figures represent rather coarse estimates, they 
are able to suggest orders of magnitude, and can 
certainly demonstrate that resources are considerable 
Compared to use, and many times current local resource 
Ose. jt would of course be impossible to employ all of 
these resources, or perhaps even any of them 100%, yet 
the potential for increasing local energy autonomy can be 
ciearly seen.
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Table 8.1. Summary of the Rural Energy Resource.

Lumsden Cuminestown
(MJ/annum) (MJ/annum)

Passive solar house 
design (all houses) 
Human labour 
(unemployed)
Sewage
Domestic waste

1200000
3600

149240
149240

1600000
7200

228240
228240

Total domestic resource 1502030 2063680
Passive solar farm 
building design 
Food crops 
Animal products 
Excess straw 
Timber
(minus current use) 
Peat (2000 year 
depletion)
Peat (100 year 
depletion)

Sample too small 
to generalise 
80000000 120000000 
24543340 24602038 
-1710000 7884000 
45000000 6228000 
-1476300 -640100 
5500000 1000000

110000000 20000000

Total agricultural 
resource

256357000 162306000

Hydro power 
Active solar 
Wind

5550336
821846
424200

756864
1148061
983200

Total renewables 
resource

6796382 2888125

total energy resource 264655000 167257000

total energy use 32811088 52557912

By far the easiest resource to tap is the excess 
straw, present only in Cuminestown, for here farmers 
already have the equipment to harvest and bale the fuel. 
Conversion, however, is not so easy. Straw burning 
stoves (and particularly those designed to take the
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newer, large round bales), are generally too large for 
ordinary domestic situations, and require a higher level 
of organisation to use their energy. In the few, small 
energy using farm buildings in Cuminestown, much of the 
electricity is used for non-replacable purposes such as 
lighting, for which a straw burning stove is useless. 
Additionally, much of the current excess production is 
already used by the existing installation on one farm, 
though most is still burnt in the field. Perhaps very 
small straw burning stoves for several, very close 
together, owner occupied homes, present the best 
opportunity for the use of this resource.

Much easier to burn on existing fires, but harder to 
harvest by mechanical means, are the timber and peat 
resources. Although the timber resource is extremely 
large, in Lumsden in particular, the nature of it, 
largely thinnings from existing woodland, makes it 
difficult to harvest in large quantities.

There are basically two distinct ways in which the 
timber resource might be harvested; either by owners' 
encouragement of casual felling by as many individuals as 
Possible, or a small commercial enterprise (one or two 
Persons), carrying out more organised harvesting. The 

CaPital necessary for the latter scheme would be quite 
small, consisting of perhaps a chainsaw and a small 

tractor and trailer, whilst production of say 6 million 
could gross around £12000, representing some 300 

tonnes of timber annually. Such an enterprise would not
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necessarily be restricted to the immediate survey areas.

The same type of organisation might be applied to 
the winning of the peat resource. Since many people in 
rural areas own wood cutting equipment such as chain 
saws, there may be little advantage in carrying out a 
professional operation, but mechanical cutting of peat is 
rather more specialised, though small, ordinary tractor 
mounted devices for cutting in traditional hags, as 
opposed to stripping large areas, are now available. 
Such an operation has been reported as having been 
mounted in Lumsden without success, but what caused the 
failure is not clear. The experiment may not have worked 
merely due to the resistance of the estate owning the 
peat resource, and their apparent reluctance to have any 
kind of economic activities taking place.

In spite of these opportunities, using the local 
energy resource looks in many ways not as attractive as 
optimising savings in present use, and most particularly 
the savings which could be made by employing small, 
efficient solid fuel burning stoves in the domestic 
environment.
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9.1. The Local Survey and the Wider Context; The 
Ability to Make Generalisations About Rural Areas from 
the Specifics of Survey Areas-

9.1.1. Agricultural Indicators of Comparability-

The main features in which the survey areas were 
specifically designed to differ were agricultural form 
and topography, so that the survey results can be said to 
represent a wide range of types of area due to their 
differences in form.

Figure 9.1 (1J is a broad breakdown of 
agricultural regions in Britain, which demonstrates that 
the types of agriculture practised in the North East of 
Scotland broadly fit into the agricultural categories of 
large areas of the country. In reality however, 
livestock rearing differs considerably from area to area, 
from specialist dairy areas to rough grazing for sheep, 
to an area of mixed farming with barley production, such 
as around Cuminestown.

Looking at the climatic limitations on land use 
within these broad farming areas is able to bring out 
land suitability rather more. Figure 9.2 (2) puts both 
Cuminestown and Dunecht in areas of slight climatic 
•̂iroitation, and Lumsden in an area of 'severe' climatic 
1 imitation.
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Figure 9.1. FARMING REGIONS IN BRITAIN (1)
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Figure 9.2. CLIMATIC LIMITATIONS ON AGRICULTURAL LAND USE
IN SCOTLAND (2)
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The first category covers quite large stretches of
Eastern and Central Scotland, whilst the latter 
encompasses larger areas in the more favourable strips of 
the West of Scotland, and in the uplands of the Borders. 
The hill land to the west of Lumsden, included in the 
sample, comes under the category of ’very severe’ 
1 imitations.

Differences also occur in the length of the growing 
season between survey areas, with Cuminestown having 
between 7 and 8 months above 6 degrees centigrade mean, 
Lumsden 5 to 6 months and Dunecht around 6.5 months.
(Figure 9.3 (3))

Figure 9.4 (4) turns to the types of crop grown, 
and shows the growth of crops in the area including the 
two arable survey areas to be between 50 and 70% of total 
agricultural land, with Lumsden on the borderline of an 
area with 30 to 50% of total land in crops. The actual 
survey areas had greater percentages than this in arable 
and grassland, and most areas of Scotland have much lower 
cropping proportions than this, suggesting that 
biological fuel resources are likely to be greater than 
in the survey areas for much of Scotland, since the size 
of the potential energy resource tends, up to a point, to 
be in inverse proportion to the quality of the land. In 
this respect, Lumsden is far closer to a Scottish 
’national average’ than the other areas, particularly 
vith regard to its large areas of hill land. The other 
survey areas have more in common with areas further south
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Figure 9.3. LENGTH OF GROWING SEASON DEFINED BY THE NUMBER OF
MONTHS WITH A MEAN TEMPERATURE ABOVE 42.8°F (3)
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Figure 9.4 CROPS AND GRASS AS A PERCENTAGE OF TOTAL AGRICULTURAL
AREA BY COUNTY IN SCOTLAND (4)

KEY

0 - 10%

11-30%

44 b



Figure 9.5. SCHEMATIC LAND CLASSIFICATION (b)
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than they do with much of the rest of Scotland.

The land quality and agricultural form of England 
and Wales is expanded on by Figure 9.5 (5). This 
demonstrates that, whilst the land quality of the survey 
areas is generally quite good for Scotland, it is more 
representative of larger areas of England and Wales. 
Lumsden is in an area of poor quality land which is to be 
found in most of Highland Scotland and the Borders, quite 
large areas of Northern England and much of Wales. The 
other two survey areas are in an area of 'no dominant 
single class, which, though covering most of Britain, and 
suggesting a patchwork of land types, rather than 
regional uniformity, does litle to clarify the actual 
quality of land in these areas.

Turning to the availability of the common energy 
resources of the survey areas over wider areas of 
Britain, there seems to be quite a universal spread of 
these resources nationally.

Although the peat resource is not general to all
areas, Figure 9.6. (6) demonstrates that the
distribution of peat is reasonably universal throughout
Scotland, though with much larger concentrations in

Caithness, Lewis, the South West of Scotland and other
areas of the Northern and Western Isles. Indeed few

People in Scotland live more than 15 or 20 kilometres

from some kind of peat resource.
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Figure 9.6. DISTRIBUTION OF PEATLANDS IN SCOTLAND (6)

(Areas of peat deposits shown in black)
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Figure 9.7. EXISTING AREAS OF COMMERCIAL FORESTRY IN BRITAIN (7)

(Areas of forest shown in black)
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This resource, standing at 821000 hectares, 11% of 
the total land area, amounts to some 2400 million tonnes 
of peat (dry weight (14)), with around 30 or 40% of this 
being capable of exploitation for fuel, is much greater 
than that in the rest of the U.K. where only a few rural 
areas can draw on a local peat resource,

Aforestation is also more widespread in Scotland 
than it is in other areas of the U.K., as is the 
potential for further commercial forestry, due to the 
large amounts of land of low productive value to
agriculture. Figure 9.7 (7) shows areas of major forest 
in the U.K., yet this map considers the areas of
commercial forestry, rather than the small areas of 
shelter belt and woodland considered as fuel resources in 
the survey areas. Most rural areas can be considered to 

similar to Cuminestown in this matter, with limited 
amounts of woodland, (ignoring the nearby Forestry 
Commission plantation), rather than Lumsden with its 
greater amounts of forestry.

Table 9.1 shows the distribution of woodland in the 
C.K., and it can be seen that the areas of woodland in 
the samples were rather low for the North East of
Gotland.
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Table 9,1. Percentage Tree Cover for Different Reg ions 
of the U.K.- (15)

The higher figures for tree cover in Scotland than 
in England are a product of the larger number of 
productive forests, and the sample areas can be 
considered to be representative of most rural areas in 
terms of the extent of the timber fuel resource.

l a .2. social and Housing indicators of Comparability-

Figure 9.8 (8) shows population densities for 
Britain, and the low population density to be found in 
the areas under study is also the case in most of the 
rest of Scotland aside from the central belt, the extreme 
N°tth of England and much of inland Wales. Expanding 
this area from areas with under 20 people per square 
kilometre to include areas with between 20 and 40/km2,

Area Tree Cover %_
(Forest, Woodland 
and Scrub)

North-East England 
North-West England 
East England 
South East England 
South-West England 
North Wales 
South Wales 
North Scotland 
East Scotland 
West Scotland 
South Scotland

7
6
5
13
7
11
10
8
13
16
10
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brings in parts of the South West, most of the rest of 
Wales and larger areas of Northern England, including the 
Lake District and much of Yorkshire. This represents 
over half of the land area of Britain, though obviously 
quite a small proportion of its population.

Lumsden, with a population density of 14.2/km2, 
falls into the former category, Cuminestown has a 
population density of 28.5/km2, and falls into the latter 
category.

Figure 9.9 (9) shows the proportion of population 
°ver 60, and differs slightly from the statistics used in 
the surveys, which divided the population in terms of 
retirement age, i.e. over 65 for men. But even with 
this disparity, which would tend to lower the proportion 
in the highest age groups in the samples, the study areas ' 
both have a higher retired population than the national 
average of 1 8 .6%.

Both areas also have a higher proportion of old 
People than the average for Grampian region, with 
Cuminestown, at 19.81%, being similar to the Highlands 
and Islands, the North East of England, South Wales and 
^he Hampshire/Dorset area, and Lumsden, at 22.83%, 
^ailing into the category occupied by North and Central 
wales, the South West of England, East Anglia and parts 
of the Scottish Borders. These differences are 
relatively small and could vary considerably with local 
c°nditions, but they do show a generally higher 
Proportion of elderly than the national average in all
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Figure 9 . 8 . POPULATION DENSITY (8)
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Figure 9.9. PERCENTAGES OF PERSONS AGED 60 AND OVER (9)
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the major rural areas, which is consistent with the 
survey results.

Fewer generalisations can be made from the 
proportions of young people, since otherwise similar 
rural areas differ widely in the proportion of children 
at school and pre-school age. Although Cuminestown, with 
26.8% of the population in education or of pre-school 
age, falls around the national average, Lumsden has a 
lower proportion of young people, at 16.82% than any 
major area in Britain, including those areas on the South 
coast of England which have become 'retirement towns', 
and where the young population is extremely small.

Even given the massive rises in unemployment which 
have taken place since figures 9.10 and 9.11 were 
compiled, the economically active populations of 32.42% 
in Cuminestown and 32.74% in Lumsden are very low, and 
reflect the position of both male and female working 
Populations in all major rural areas, in which employment 
remains low compared to the urban areas, the Midlands and 
the South East of England. (Figures 9.10 (10) and 9.11 
Ul))

Clokes index of rurality for England and Wales (12), 
discussed in Section 2.1, and criticised for its tendency 
to define rurality in terms of deprivation, and then 
drawing from this the conclusion that rural areas suffer 
trom deprivation, is reproduced in figure 9.12 (13). The 
in<3ex is assessed with regard to the variables listed in
Table 9.2.
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Table 9.2. Variables Used in Clokes Index of Rurality 
for England and Wales-

Variable Name Census Data

1. Population density
2. Population change
3. Population over 65
4. Population men age 15-45
5. Pop. women age 15-45
6. Occupancy rate
7. Occupancy rate
8. Household amenities

9. Occupational structure

10. Commuting out pattern

11. In-migration
12. Out-migration

13. in/out migration balance
14. Distance from nearest 

urban centre of 5000 
population

15. Ditto 100000 pop.
16. Ditto 200000 pop.

Population/acre 
% Change 1951-61, 61-71 
% Total population 
% Total population 
% Total population 
% Population at 1.5/room 
Households/dwelling 
% Households with 
exclusive use of:
(a) Hot water
(b) Fixed bath
(c) inside wc
% In socio-economic groups
(a) Farmers-employers and 

managers
(b) Farmers own account
(c) Agricultural workers 
% Residents in employment 
working outside the 
rural district
% Population resident for 
less than 5 years 
% Population moved out 
in last year 
% In/out migrants

For all the variables in the above table the survey 
ateas conform to Cloke's intermediate or extreme rurality 
categories, except 7, households per dwelling, (which was 
a constant 1 for the survey areas), 12, outmigration and 
2» population change, which were not recorded. The 
Possession of basic household amenities, aside from a few 
sPecific instances, is suggested by Cloke as being no
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Figure 9.10. ECONOMICALLY ACTIVE POPULATION, MALE (10)
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Figure 9.11. ECONOMICALLY ACTIVE POPULATION, FEMALE (11)
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Figure 9.12. SPATIAL VARIATIONS IN RURALITY IN ENGLAND AND WALES (13)
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longer such an important variable, due to improvements in 
past years (16) , and indeed the survey areas demonstrate 
these improvements, with only a very few cases now 
lacking the basic amenities.

Figure 9.12 removes even very small urban areas from 
the category rural, and Cuminestown and Lumsden can be 
seen to conform to most of Wales, Northern England and 
the South West, outside the towns.

In one respect however, the housing standards 
variables might show better quality housing in the survey 
areas than in much of the rest of rural Britain, for the 
high proportion of Local Authority housing in sample 
areas, which is general to Scotland, is partly replaced 
by owner-occupied and private rented accomodation in 
England and Wales.

Summary of Regional Differences-

Table 9.3 summarises the information presented in 
the previous sections by listing, for the two survey 
steas, those regions of the country which are similar for 
different characteristics. Figures 9.13 and 9.14 further 
summarise this information by giving a 'points score' to 
different regions based on how many of the different 
characteristics are similar to those of the survey areas.
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The regional divisions used in Figures 9.13 and 9.14 
are not literal, and do not necessarily follow the 
divisions used in the preceeding Figures, which differ 
widely from characteristic to characteristic, but merely 
broadly indicate that much of the area within each region 
has characteristics similar to the survey areas.
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Table 9.3. Regions o f  Bri tain Having S_Similar

Chara cteristics to the Survey Areas-

Characteristic Areas similar 
to Lumsden Areas similar 

to~Cuminestown

9.1 Farming regions

9.2
9.3

9.4

9.5

Climatic limits 
Growing season

Percentage crops 
and grass

Scottish Highlands, Mid Wales, 
Upland Borders.

Scottish Highlands, Upland Borders. 
Scottish Highlands, Upland Borders.

Moray, Dundee, part Central Belt, 
Most of Borders.

Land classification Scottish Highlands, Upland Borders,
North West England, North and 
Central Wales, Peak District.

North-East Scotland, Borders, 
Northern England, South Wales, 
South West England.
North East Scotland, Borders, Fife,
North East Scotland, Central Belt, 
Coastal strip in West Scotland.
Grampian, Caithness, Perth,
East Borders,
North East Scotland, Central Belt, 
North-East and most of 
Central England.

9.6 Peat deposits

9.7 Afforestation
Table 9.1.
Woodland

Scotland except Caithness and Northern and Western Isles. Limited 
parts of upland England and Wales.
Scotland except Western and Northern Isles, North-East England, Wales 
Scotland except far north, Wales, South-East England.
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9.8 Population 
den sity

Scotland except Central Belt, 
North Central England,
Central Wales.

Coastal Eastern Scotland,
N.W. England, S.W. Wales, jarts of 
N.E. England, Central S.W. England.

9 . 9  A g e i n g  p o p u l a t i o n  North and Central Wales,
S.W. England, East Anglia, 
Eastern Borders.

Highlands and Islands, N.E. England, 
South Wales, Hants/Dorset.

9.10 Male employment Both samples much lower than other low areas, low employment areas
Highlands and Islands, West Wales, S.W. England, North England, 
West Borders, South Wales, South West England.

9.11 Female employment Low employment areas Scotland, Wales, Northern England, South-West
England.

9.12 Index of 
Rurality

Wales, North England except Lakes, most of S.W. England, parts of 
East Central England.



Figure 9.13 SUMMARY OF REGIONAL CHARACTERISTICS, SIMILARITIES TO LUMSDEN

(Numbers represent the number of different characteristics, as illustrated 
lr> Figures 9.1 to 9.12, in which the various regions are similar to Lumsden. 
There are 11 characteristics for Scotland, 8 for England and Wales.)
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(numbers represent the number of different characteristics, as illustrated 
in Figures 9.1 to 9.12, in which the various regions are similar to 
Cuminestown. There are 11 characteristics for Scotland, 8 for England and 
Wa1es)

Figure 9.14 SUMMARY OF REGIONAL CHARACTERISTICS, SIMILARITIES TO CUMINESTOWN
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As might be expected, f igures 9.13 and 9.14 show 
that the Lumsden survey area is most similar to areas in 
the Highlands and islands, the Scottish Borders and North 
and Central Wales, and to a lesser extent the North of 
England and South Wales. Cuminestown, on the other hand, 
is most similar to areas of the North East of Scotland, 
the North East of England and South Wales, and to a 
lesser extent the Highlands and Islands, the Scottish 
Borders, the North West of England, North and Central 
Wales and the South West of England.

Yet many of the characteristics measured by the 
surveys were common to both samples, particularly in the 
domestic survey, and thus these features might be 
expected to be found to some extent in all major areas of 
rural Britain. A further important factor which will 
differ locally, already taken account of to some extent 
in Cloke's index of rurality, is isolation as measured by 
the distance from major towns. This tends to be less 
than in the survey areas for most areas of England, more 
in the west of Scotland, and isolation will vary from 
ideality to locality in all rural regions.

This section has not demonstrated that Lumsden 
and/or Cuminestown are# representative of conditions in 
whole major regions of the U.K., but that many individual 
idealities in these regions bear a close relationship to 
these survey areas in many of their characteristics, 
Since this study has dealt with a system which is defined 
as being basic to rurality, containing only domestic and
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agricultural sectors, generalisations based pn the 
results of the local surveys can be made for many areas 
of rural Britain.

9.2. The Delphi Survey and Rural Energy Resource and Use 
Pat ter ns-

This section draws on the hypothetical 'most likely 
future' generated in the Delphi survey, and conclusions 
from the local level rural energy resource and use 
survey, looking at how these present patterns are likely 
to alter over the next 50 years.

9.2.1. Social Conditions and Housing-

The rather top heavy age structure found in the 
survey areas seems likely to change little in the next 50 
years. Although the Delphi survey sees a continually 
a9eing population, brought on partly by past trends, the 
envisaged repopulation of rural areas should negate this 

fect in theory, at least in Cuminestown and Dunecht 
type areas, though in practice land ownership patterns in 
Dunecht would appear to legislate against this. The most 
remote of rural areas are envisaged as suffering from 
small amounts of continued depopulation, and this might 
aPply to Lumsden type areas, though the borderlines of
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these 'extremely remote' areas are not defined. It may 
be however, that a return to 'family' based economic 
structures will lead to a lower percentage of old people 
living alone than is presently the case, particularly in 
Lumsden and Dunecht, the former having 43% of its houses 
occupied by only one or two retired people at present.

Any repopulation is however likely to affect the 
current parochiality of regional and local origins, and 
if the envisaged influx comes mainly from professional 
and self-employed categories, knowledge of such matters 
as renewable energies, and the capital necessary to 
employ them, are likely also to rise.

Changes in employment structure envisaged by the 
final Delphi scenario are likely to add to this increase 
in the numbers of self-employed, and whilst unemployment 
is unlikely to rise above the present fairly low figures, 
larger numbers of retired people and reductions in 
w°rking hours will both increase the available 'human 
labour resource' and the number of dependant adults.

It is not clear specifically how tenure types would 
change under the scenario, but with decreasing central 
involvement in services, it would seem likely that higher 
levels of owner-occupation will result. Thus greater 
individual control over housing standards, house 
insulation, fuel use and fuel burning equipment will be 
Vested in occupiers. Thus Lumsden would grow more like 
Cuminestown in this respect. The availability of capital 
is obviously an important factor in housing standards,
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yet the current low rate of take up of available grants
for home insulation and improvements in the survey areas,
for instance, is likely to change given the greater
public awareness and practice of energy conservation
measures suggested by the scenario. The same would apply
to the use of better fuel conversion systems (see Section
9.2.3.), particularly given the current correlation
between such standards and education levels.»

Employment in agriculture, in terms of the numbers 
of people involved, is likely to change, with the 
suggested large increase in food production on small 
Plots. Thus more people will be producing food on their 
own small garden plots.

In terms of attitudes, the current confidence in and 
acceptance of 'modern comforts', coupled to an equal 
confidence in the ability to do without outside support 
(Section 9.2.5.) , is not incompatible with the scenario 
view of parallel increases both in interest in 'DIY' type 
'self-sufficient' activities, and technology which is 
impervious to such methods. There seems to be a kind of 
begrudging air to the acceptance of change which fuels 
this 'self-sufficient' approach in the face of welcomed 
improvements in technology.
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9-2.2. Agricultural Patterns and Land Ownership-

Probably the greatest single effect on the nature of 
individual survey areas, the ownership and control of 
land, seems unlikely to change much under the Delphi 
scenario, except in isolated individual cases. The 
scenario envisages little pressure to break up estate 
ownership, whilst no more land, particularly in the hill 
areas, is likely to be ploughed. However, areas where 
absentee landlordism and lack of economic usage of 
estates is rife, such as Lumsden, are likely to see 
improvements, depending on the attitudes of individual 
landlords, in the running of these estates. This should 
lead to greater access to timber and peat resources, and 
P°ssibly more food production and jobs in agriculture 
vhere this is possible. Small amounts of land are likely 
to pass into the hands of more individuals for food 
Production with economic pressure from incomers.

Existing proportions of arable to other types of 
land are unlikely to change from the present picture in 
the long term, though fluctuations in economic conditions 
and policy on subsidies will cause short term variations. 
Better use of hill land, such as in Lumsden for livestock 
Production, perhaps including deer farming, is likely. 
Estate control over the timber and peat resources is 
likely to continue.
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Agricultural employment, presently running at around 
one worker per 66 hectares in Cuminestown, one per 135 
hectares in Lumsden and one per 70 hectares in Dunecht, 
is likely to grow somewhat according to the Delphi 
scenario, largely due to increases in the number of small 
plots, whilst hours per worker will drop.

The very low ratios of input to output of energy in 
the agriculture of the survey areas are likely to drop 
even more, with a 25% drop in agricultural machinery 
energy use and a fall to 95kg/hectare/annum in chemical 
fertiliser use, producing an overall 20% drop in 
agricultural energy use.

In terms of the attitudes of farmers to change, most 
See a slowing down in the improvement of hill land, which 
is consistent with the scenario, whilst they have a high 
c°nfidence in modern farming methods in general, whilst 
seeing perhaps an enforced reduction in chemical 
fertiliser input. Perceptions amongst farmers do not 
a<3mit to much future change, and the changes envisaged by 
fchem are not as great as the changes envisaged by the 
Scenario.
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9.2.3, Domestic Energy Use-

The patterns of relatively large amounts of local 
and free energy resources used in the survey areas is 
likely to be accentuated under the scenario, with all 
areas falling more in line with Dunecht, with its 26.5% 
of energy use (aside from electricity) in local timber. 
The high use made of solid fuel fires is unlikely to 
change much, and indeed this is likely to increase with 
rises in oil and gas prices. Greater public awareness of 
energy conservation will lead to more efficient fuel 
conversion apparatus, better insulation standards and 
lower ventilation levels generally, bringing down the 
ratio of energy delivered to useful energy considerably.

It has been shown (Sections 7.1 and 7.2), that 
measures to increase fuel conversion efficiency could 
reduce fuel use by around 22%, so that if 25% of present 
energy use came from local sources, this could become 
°ver 30% of future energy use, without having recourse to 
the insulation of dwellings. Similar savings could be 
made by 100% loft insulation, which would push the local 
resource used up to close to 50% of the total, excluding 
electricity use.

There is likely to be, however, a slight counter 
' tendency to increase fuel consumption, due to ageing 

p0Pulation structures and fewer working hours leading to 
m°re hours spent at home, accentuated by more access to 
Information from the home and economic life being based

472



more around the family.

The higher use of electricity forecast by the 
scenario, and the attendant savings to be made by 
micro-electronic control devices, are likely to have less 
impact in these rural areas of high solid fuel use than 
in urban areas, though electricity will be of 
considerable importance in some houses for heating, and 
in all for the increasing number of appliances and 
communication devices.

Heating standards seem likely to rise, given the 
demands for central heating by the younger residents, 

Particularly when coupled to the envisaged rise in 'DIY' 
type activities.

Transportation energy use is unlikely to drop below 

the very low estimates, based largely on journeys to 
w°rk, used in the surveys, but the journeys to work 

element will drop for the individual, with fewer working 
h°urs and more non-physical means of contact, whilst 
staying more or less static in total, with an influx of 
people from outside living in rural areas. Those in the 
remotest areas will suffer considerably from increases in 
vehicle fuel prices, and eventually from reductions in 
the number of private cars, though improvements in mass 

transit, non-physical communication and travelling 

services will offset this effect somewhat.
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9.2.4. Agiricul turai Energy Use-

Many of the agricultural energy use changes mooted 
in the Delphi scenario are already standard practice in 
the areas subject to local survey. Thus the suggested 
return in specialised farming areas to more mixed farming 
is unnecessary in the survey areas, with their 
traditional pattern of mixed farming, whilst farming 
intensivity, with low building energy use and extensive 
animal rearing, is already quite low in these areas. 
With more extensive animal rearing, the preponderance of 
barley fed beef is likely to drop in comparison to hill 
animal production with minimal harvested feedstuffs. 
Certainly purchased animal feedstuffs will not rise above 

their present very low level.

Food production is likely to be 'internalised 

father more than at present, with a higher degree of 

°n-farm processing and a general reduction in levels of 
Packaging, and where possible there will be
diversification into more different types of food

Production.

The difference between areas such as Cuminestown and 
areas such as Lumsden is likely to remain, with

Cuminestown making better use of incident solar 
^diation, but Lumsden using less energy in total. 

°Pporhnities for energy saving in agricultural production 

these types of areas are fairly minor .
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9.2.5. _Ener g y Resources-

In spite of the ageing population, the 'human labour 
resource' is likely to increase, due both to incomers and 
to reductions in working hours. If the 20% reduction in 

working hours occurs, then the present relatively low 
unemployed resource would be swelled many times over by 
the spare hours- gained. Such a resource could then be 
applied to the gaining of energy resources.

Better use is likely to be made of the timber 
resource in all areas, though in Dunecht this is already 
quite advanced, whilst the same would apply to the use of 
the peat resource. The Delphi scenario would suggest 
that the way is likely to open for both casual gaining of 
these resources by individuals, and perhaps small 

businesses set up for the local gaining and distribution 

°f fuels.

It seems certain that the straw resource will not 
c°ntinue to be burnt in the field, for with a spare 
resource only existing in one of the three survey areas, 
^nd then only as a small proportion of production, with 
Use already being made of this resource by one farmer, 
sur pi uses are likely to be absorbed very quickly, at 

^eQst in these mixed farming areas.

Control over all land based resources is likely to

remain dependant on the ownership of land, but if the

changes mooted in Section 2.3. come about, and there is
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a partial move away from profit maximisation and towards 
the support of communities, there are some grounds for 
hope that access to resources will grow in all areas.

The confidence placed by the scenario in short 
rotation coppiced woodland as an energy source is likely 
to lead to more of this type of fuel being grown in areas 
such as Lumsden, where the amount of surplus hill land is 
large, as are existing timber resources, more so than in

i

more lowland areas.

The suggestion of the scenario that 15% of 

electricity use in remote rural areas will come from 

non-biofuel renewables by 2034 seems to be well within 
the resource suggested by Section 8.5, which outlines a 
resource of between 20 and 30% of total electricity use.

The higher confidence in both wind and solar power, 
as well as more traditional small hydro plants, on the 

Part of farmers in the surveys, is largely backed up by 
the Delphi, as is the lack of confidence in such 

renewables as methane generation from waste, though part
the confidence of farmers in these matters is 

undoubtedly due to the lack of knowledge on other 

Resources.

It is perhaps surprising that the diffusion of 

renewables technologies has progressed so far already 

that the areas surveyed have three examples of solar 
Water heating, a wind generator, a supplier of wind 

generators, a hydro plant and a straw burning stove, and
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this must bode well for the growth of these technologies 
in the future.

Other energy resources and energy saving techniques 
favoured by the Delphi survey are confirmed in the field, 
such as the importance of insulation standards and 

passive solar design in housing, reductions in 
intensivity in farming and reductions in chemical inputs. 
Overall, the-assertion that energy saving is more likely 
to be successful than the use of the energy resource 
would seem to be confirmed by the local survey.

The high confidence demonstrated in the local survey 

in the ability of small areas to be self-sufficient in 
fuel sources may be a misplaced one, in as much as 
respondents typically overlook the importance of such 
things as vehicle fuel, yet such confidence can only add 
to the likelihood that the mooted changes towards a 

fuller use of local energy resources will indeed take 

Place.

1 * 2 . 6. Conciusions-

All in all, it would seem that perhaps the use of 

i°cal resources is not as attractive an option as savings 

tn existing energy use, and particularly changes in 

inversion appliances, such as the introduction of solid 

£“el stoves. It seems unlikely that energy autonomy in 
rural areas can ever be complete, but advances in this
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direction are possible, and whilst rural areas are at 
least potentially autonomous in energy, urban areas can 
never be, at least not in small local areas. Section
5.3.1. suggested that the prerequisites for a more 
autonomous system are; the existance of an untapped 

resource, technical ability, willingness on the part of 
individuals to tap the resource, and access to that 
resource. The surveys have shown that the resources 
exist, technical ability has been shown to exist in most 
cases. The local survey has demonstrated willingness 
amongst individuals in the communities, at least in 
theory, and only access to the resources is restricted, 
end given the propositions of the Delphi scenario, this 
too should increase in future.

In terms of potential means of contributing to local 
energy autonomy, the Delphi survey seems to back up the 
local survey results. Obviously the 50 year scenario is 

impossible to check by reference to the local survey, but 
its points seem mainly to be compatible with the present 

conditions and attitudes of the local areas surveyed, and 
the changes which are already taking place.
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1 0 . 1 . T h e  H y p o t h e s i s -

As stated in Section 1, 
presented for testing by this

the hypothesis 
project was that;

that was

"There exists considerable potential
for a greater degree of rural energy autonomy, 

«
especially through the medium of increasing 
integration between agricultural/forestry and 
domestic sectors, to make better use of rural 
energy resources."

For the most part it seems that this hypothesis has 
been proven to be true, and that considerable potential 
exists to redress the balance between rural and urban 

areas, in terms of the present expense of supplying fuels 

to the former, and the greater energy requirement per 

household in rural areas.

Energy is very central to rurality, as demonstrated 
by the definition of rurality in Section 2.1.3., where 
roral areas are shown to be inevitable producers of 
energy, and whilst rural areas are at least potentially 
®nergy autonomous, localised urban areas can never be.
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Aside from the variables which were planned to vary 
from the outset, probably the most sweeping differences 
which affected the rural areas under study were their 
land ownership patterns.

Thus Dunecht, with very strong control by one estate 
and, to a lesser extent, the adjacent estate owned by a 
relation of the owner of Dunecht Estate, exhibits very 
different characteristics from the other two areas. Many 
material variables in Dunecht, such as the presence of 
central heating, the use of solid fuel closed stoves and 
insulation of housing, correlate very strongly with 
occupation, and this is a function of landlord control 
over houses and jobs in the area. Non material variables 
such as attitudes to various issues bear no such obvious
correlation.

The standards of private rented accomodation in 
Lumsden and Cuminestown also exhibit this bias towards 
professional and self-employed occupations, but the lower 
number of this type of housing makes this bias less of a 
Problem.

In the field of using the energy resource, the 
estate control and organisation of Dunecht contrasts 
sharply with the apathy and decay of Lumsden and the more 
diverse land ownership of Cuminestown. Although the 
DelPhi scenario suggests a future change to more

10.2. The Influence of Land Holding Patterns-
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concerned landlords, individual owners cannot be relied 
on to change, and areas such as Cuminestown, with land in 
the hands of more people, are likely to be more 
homogenous in following trends.

10.3. Housing and Social Conditions-

As stated in Section 10.11, housing conditions 
remain poor in rural areas, although those standards are 
unable to explain all disparities in fuel use. The 
insulation standard of houses is generally poor, again 
dependant on tenure type, with private rented 
accomodation having the worst standards. Amongst this 
group some anomalies arise in standards encouraged by 

local authority grant aiding, such as the full double 
glazing of otherwise poor quality private rented 

accomodation in Lumsden.

A certain parochiality in local and regional origins 
ls evident amongst respondents, a situation which seems 
likely to change somewhat in all but the most remote 
rural areas in the future.

A particular feature of these rural areas, discussed 

farther in Section 10.6, is the preponderd.ice of solid 
fuel open fires as the main form of heating in homes, a 

Eeature which would not be expected in urban areas, and 
wf“ich offers considerable potential for improvement.
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The ageing population structure at present, though 
expected to continue nationally, will not go through such 
pronounced growth in rural areas, where it is already 
high, due to the influence of future rural in-migration, 
led by the suggested increase in low volume new industry 
to some rural areas, and increases in non-physical 
communication processes. If the population structure 
becomes younger this will induce both new building, with 
necessarily higher insulation standards, and
rehabilitation of the presently old housing stock.

_10.4._ Agricultural Patterns-

Relatively few changes in agricultural pattern are 

&nvisaged by the Delphi scenario, or indeed admitted as 
Possibilities in the local survey, for the kinds of mixed 

farming areas considered, though agricultural energy use 

is expected to drop somewhat, but again not as much as in 

areas of either crop or livestock monoculture.

Planned differences in farming pattern were shown to 
the case in the local survey, and to some extent the 

differences in unit size, particularly between Lumsden 
bill areas and Cuminestown arable land, were also to be 

exPected. There was found to be a perhaps surprising 

dumber of very small holdings, often practising a single, 

necessarily economic, form of production (in terms of 
fcbe ability to provide realistic livelihoods from the
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land), such as renting out grazing, selling hay standing 
and rearing ponies.

It seems likely that the way in which agricultural 
form will develop in the future will be more towards the 
forms found in the survey areas, mixed farming with only 
minimal amounts of intensive animal rearing, though the 
production of barley for animal feed is likely to drop.

10.5. Current Energy Use-

Although largely useless in terms of its ability to
i

map regional fuel supply, the survey of suppliers 
(Section 4), did highlight the discrepancy between 

suppliers of different types of fuel. Thus, whilst oil 

is supplied exclusively by a small number of agents of 

multinational companies, fuelwood is supplied by a wide 

variety of companies and individuals, some of whom are 

Ur>traceable, and may only be supplying fuel on a casual 

basis.

The largest agricultural energy use in both main 
areas was chemical fertiliser but, perhaps surprisingly 
i°r quite sparsely populated rural areas, domestic energy 

Use was higher than agricultural energy use in both 

areas. Only when the energy uses internal to the system, 

particularly animal wastes used as fertiliser, are 

c°nsidered, does agricultural energy use rise above 

domestic use.
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There seems to be a large difference between 
delivered and useful domestic fuel, all of which could 
not be explained by housing standards, but is the result 
of low efficiency in fuel conversion, differences in 
heating levels and ventilation standards. This gap is 
particularly evident with regard to solid fuel use.

As might have been expected, the hill area of 
Lumsden had a higher domestic fuel use than did lowland 
Cuminestown, due to altitude, exposure and poorer housing 
conditions in the former, whilst the latter exhibited 
greater agricultural fuel use.

In households, Lumsden with a mean annual fuel use 
of 175699MJ, and Cuminestown at 161556MJ, both use much 
more fuel than the national average of 101200MJ per 
household. Solid fuel in rural areas taking the place of 
natural gas, which is the main fuel in use in households 
nationally.

Although energy use in these rural homes in the 
North East of Scotland will always be higher than the 
national average, there is much room for saving in fuel 
USef particularly through information diffusion on
insulation and ventilation standards and fuel conversion
eguipment.

Due to the minimal transport level considered by the 
local surveys, few savings are envisaged in the already 

energy use of this sector, measured at only half of 
national average for local travel.
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10.6. Means of Fuel Conversion-

The suggestion that energy analysis, as opposed to 
monetary analysis, may come into its own in future as 
more people move at least partially away from a purely 
economic stance on energy matters, is partly borne out by 
attitudes in the local survey to local fuel use and 
renewables amongst some respondents. However it is clear 
that energy as a unit of accounting is not perfect, for 
it obscures differences between the quality of different 
energy sources, whilst marginal values of successive 
units of energy, as pointed out in Section 2.3.3, may 
drop, it is also clear that supposedly free resources 
ate rarely free, either in monetary or energetics terms, 
when the cost of capital equipment is considered.

Section 2.3.3. assessed various projects for the 
harnessing of different renewable energy sources. The 
energetics and economics of wind energy conversion 
appeared to be rather poor, though the economics at least 
may now be becoming more favourable (1). Although wind 
energy conversion has already gained a small foothold in 
the sur vey areas, it would seem only to be valid at 
Present when the value of a small number of kilowatts of 
electricity is perceived as being very high, and where no 
alternatives are available.
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Photovol taies are generally felt to have little 
future in Britain, except again in circumstances where a 
small amount of energy has a high value. Solar water 
heating, under the influence of strenuous sales 
campaigns, is already spreading in rural areas, but again 
their economics, and particularly problems caused by 
failure of equipment and the transience of manufacturing 
and distributing companies, do not make such systems 
attractive propositions at present.

Simple conversion techniques, specifically
straightforward burning, seem to be streets ahead 
other, more technically complex methods of gaining energy 
from biomass. The surveys oniy considered the use of
existing biomass, and there is not much of a case for

_nforonrp to food on any but theProducing biofuels m  prefer
most marginal land. One of the main recommendations of 
the survey has been the encouragement of improved biofuel
conversion systems, in the form of simple and cheap wood

, r>ftpn of quite low capacity, toand peat burning stoves, often 4

improve the efficiency of this process.

. inversion efficiency of Indeed, the low present con
, to popular belief,biofuels means that, cont y

-«a»-4rallv speaking, may electricity use for heating# energ
m many cases be more efficient than burning fuels on

s°lid fuel open fires.
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Hydro-electric schemes, though well proven, are site 
specific to a high degree, and both their energetics and 
economics vary widely with the suitability of the site. 
Given a good site however, it looks amongst the best of 
the renewables, in spite of the evidence presented by the 
closing down of the one hydro-power scheme in existence 
in the survey areas.

10.7. The Energy Resource-

The energy resources of the areas under study, 
conservatively assessed though they are, are
considerable, yet only in Lumsden do 'annual* resources 
exceed energy use in the domestic and agricultural
sectors, and the timber resource, if fully utilised, 
would make up the majority of this renewable potential. 
Vet in the other main survey area resources make up more 
than half of use, and could be employed more than they 
are at present.

The only real domestic energy resource, if it can be 
called that, with a use potential, is the human work 
resource. This is low in energy terms, but indispensable 

tapping the other rural energy resources.
A9ricultural energy resources are much more significant
than domestic energy resources, and indeed agriculture 
Can make more contributions to energy resources than it 
Can to energy savings, in contrast to the domestic
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sector.

The easiest resources to utilise, aside from the low 
volume, marginal resource of straw, are generally the 
traditional fuels which are already in use to some 
extent, namely wood and peat. Although the peat resource 
is sporadic, in as much as it only exists within certain 
areas, the timber resource, in one form or another, 
exists within almost all rural areas. It is felt that, 
except in extremely marginal agricultural areas, most of 
the timber resource in the forseeable future will come 
from existing plantations of deciduous shelterbelts and 

woodland.

10.8. Current Energy Resource Use-

The current use of local energy resources in the 
survey areas is 26.5% of total non^electric fuel use in 
Dunecht, 8.6% of total energy use (including electricity) 

Cuminestown, and 13.3% in Lumsden. This is all made 
UP of peat and wood, with marginal amounts of solar water 
heating in the samples which cannot be separated from 
°ther energy sources.

In the agricultural sector, local resource use is 
^significant, unless one counts the large savings in 
c,1emical fertiliser use made by the use of animal wastes. 
Small amounts of excess straw not used for animal feed 
and bedding, and of wind power, are also used within the
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survey areas, but not on sampled farms.

At present only in the pilot area is local resource

use high enough to make up a larger proportion of total

use than could be saved by very simple direct

conse rvation methods

10.9. Likely Future Ex tent of Rural Energy Resource Use-

It seems likely that the future holds a greater 
emphasis on energy conservation for most people, and a 

consequent lowering in fuel use, together with a 
continued departure from the traditional 1:1 relationship 
between energy use and GNP. Many people will prefer to 
use local resources and some will be prepared to do so 

even where they are not the cheapest option.

The 15% of electr icity

remo>te rural areas sugges

quite possible even j ust
Pane 1 s and windpower on

larger local insstai 1 ations.

use deriving from renewables 
ted by the Delphi scenario is 
considering domestic solar 
farms, without including any

The timber and peat resources are quite large enough 

for Cuminestown and Lumsden type areas to reach the 26.5% 

of present energy use derived from local resources in 
Dunecht, and with around a 20% saving in total energy 

Use* this would mean that Lumsden dwellings would consume 

0n average around 140000MJ, of which about 43750MJ would



be in local resources. In Cuminestown the equivalent 
figures would be 128B00MJ and 40000MJ, meaning a 
reduction of imported energy of 58750MJ per household in 
Lumsden and 61000MJ in Cuminestown, or around a third of 
current use. The generation of 15% of rural electricity 
from renewables would have a much more marginal effect 
than this.

The high confidence amongst respondents in the local 
survey in their own ability to be self-sufficient in fuel 
backs up-this projection of the future.

0.10. The Abil ity to Extrapolate to the Wider Rural 
Env ironment-

Section 9.1 f in assessing similarities and
differences between both Lumsden and Cuminestown, has
demonstrated that, although no hard boundaries can be
drawn around areas which are identical to one or both of 
the survey areas, many of the characteristics of much of 
Britain's rural land are similar to those of the survey 
ateas.

Particularly when the rural system under
c°nsideration, as defined in Section 2, is limited to a
simplified set of factors which can be said to be
universal to most rural areas, then the conclusions
generated by study in the sample areas hold good at least 

large areas of Northern and Borders Scotland, most of
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Wales and parts of Northern England.

Whilst the survey areas differed considerably in 
their agricultural characteristics, and in the other 
regions of the country which most resembled them, their 
social, housing and energy use characteristics were more 
homogenous. It is in this field particularly where the 
conclusions and recommendations presented here have the 
most relevance for other areas of rural Britain.

10»11. Recommendations on Pol icy to Increase
Conservation and Resource Use-

A1though there are a considerable, and growing, 
number of provisions to encourage fuel saving (2), few 
deal with the special case of rural areas and their 
different needs. Most of these measures deal with 
domestic energy use, and more specifically with the 
Problems of insulation against heat loss. Although this 
is an important area, anomalies were discovered in the 
survey areas, such as the private landlord who has taken 
advantage of a grant for double glazing to increase the 
Value of his properties, whilst the general standard of 
these houses remains amongst the worst found in the 
Surveys, with an excessive ventilation level and no other

ihsulation.
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It is important however, to get across information 
on energy saving and use, particularly to the high 
proportion of elderly people in the rural areas, on such 
things as ventilation levels and insulation, and on an 
area of fuel use often overlooked, fuel conversion 
efficiency. Particularly if the use of local resources 
is to rise, the development of, and dissemination of 
information on, wood and peat burning stoves of simple, 
cheap design, but high efficiency, could be especially 
important.

On the subject of rural energy resources, as opposed 
to use, most research has concentrated on renewables such 
as wind and solar, yet these techniques are really not 
Yet ready for distribution by 'hard-sell* companies to 
People who may not have bottomless pockets to delve into.

It may be more practical to exploit the apparent 
willingness and desire on the part of many people to be 
energy self-sufficient within their local areas, by such 
Measures as supporting small fuel businesses such as 
woodland management and peat cutting, both of which could 
make a large impact on the energy autonomy of an area, 
with relatively little expenditure.

A serious impediment to such measures remains 
however, in some areas, the attitudes of landowners, and 

the absence of the political will to change the land 
°wning structure, access to resources is likely to remain 
a Problem where those in control of the land do not wish 

The fact that the H.I.D.B., with powers to
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compulsorily purchase land for the application of such 
schemes, have only once exercised this right, is not 
encourag ing .

Yet there is considerable potential for energy 
saving in these areas, and in the right land ownership 
conditions, considerable potential for the use of 
traditional local resources.

10.12. Final Word-

cv> '-‘■'CA V * Wj I-Xa-C OôiipXJL C-o

the justification for looking at energy autonomy as an 
end seems not to rely entirely on a sort of international 
Moral standpoint, but to make economic sense.

Although agriculture, as conventionally seen as food 

Production, cannot, in the rural areas studied, make 
really significant contributions to domestic energy use, 
if agriculture is taken to mean land, and extensive 
Managed or unmanaged extensive uses for that land, then 
vsry major effects on domestic energy use could be made. 
The equipment and capital of conventional agriculture can 
also assist this process greatly.

A combination of direct savings of energy and the 

Use of this land based rural energy resource could do a 

i°t to increase levels of autonomy in rural areas over a 

year time horizon.
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Notes and References, Section 10 «

1. GALT, J. 1986, Personal communication.
2. Examples are Local Authority Structural Improvement

Grants, and the designation of 1986 as Fuel 
Efficiency Year, with the attendant "Monergy" 
advertising campaigns.
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APPENDIX 1, THREE D.O.E. SCENARIOS TO 2025.

Table 1 Scenario descriptions

Scenario 0  The Trends-Continued View
This scenario takes a 'trends-continued' view of the future by extrapolating middle-of-the-road views of likely 
social, economic, and technological developments in the medium term through to 2025. The real cost of energy 
raw materials in relation to other resources are assumed to remain at around their present levels until the early 
1990s, after which they would begin to increase, though only slowly at first, early next century, world energy 
prices would rise above the cost of producing synthetic crude oil (from oil shales, tar sands, or coal). 
Conservation effects on energy utilisation are assumed to arise principally through the operation of the price 
Mechanism, with modest reinforcement from government, but without any restrictive measures being imposed

Scenario 1 . A L ow -G row th  View
In this scenario, low international economic growth is the dominant feature. It is assumed that, because of the 
consequent fall in demand for energy raw materials, world energy prices would rise more slowly than in Scenario 
C As a result of the depressed economic conditions in the United Kingdom, additional measures would be taken 
to reduce the total energy import bill both through the introduction of restrictive conservation measures and 
'hrough the expansion of indigenous supplies of energy, particularly coal.

Scenario 2 A L im ii-on -N uc lear View
This scenario assumes that no further thermal or fast reactors would be ordered after the completion in the mid- 
1980s of the proposed SG H W R  programme, and that the cessation of the United Kingdom's nuclear fission 
Programme would be parallelled in many other countries. International shortages of acceptable energy raw 
rr*-3teriols wou'd deveiop. resulting m very high world energy pvces and constraining the long term prospects for 
vvO'id economic growth. It is assumed that in the United Kingdom vigorous government measures would be 
'^reduced to reduce energy consumption.

Scenario 3: A H ion-Energy-C ost View _artriH
tn,s scenario, the dominant feature is an immediate sharp ,umo ,n world energy o n « .  T n w  . after oe rod =. 

Cr:ce S!, blhty umt! a;ound me turn of the century, pnces would beam to rise m l.ne with Scenario 0 .1. is agam 
government measures would be introduced to remfprce ma^et pressu-es on energy con sum e-^

Scenario c A Price-Transition h e w  , r,or1( , n . r.-,,/-
■ ~e n: •S't s-«oano is a muit'-fold increase in a c  c c - -

— ure o .h s s ..nano .s e nu . Df»3flnt levels The scenar.o o o w iv  toeowt°'-'rm3 trie 1920s m which energy prices had remainec a. .n-. - -
- c  . _ _ .v • •—  wou'd fe  disruptive t  t .ts  on i...t... j..u- sScenario 0 uo to trc time of the price transition Eevo •••“ •

th which it i: assumed would persist well into tne nex. cc ---'v

^ n e n o  5 A S e i'-S uffic iency View .,|C,cncy in „ydrocarocns ano a mgh ccmnbut.on from nuctear
'ns ra ,n  themes o ' mis sccnano aie sel -sot.roc Y Kinodom achieves pwmantm eoetgy
‘ ■'•"3V The seenano.eo.csentsa view ol t h e w o o l s  a,so oe ™ o o  to oiarota.: 
'r,-C-3enocnce la-getv tr.rough an accelerated r.uc s.  ̂ ^  , t.xtcrming proOuCtip:. from tnt United
“ -orocarpon sc- f -s jff.cier.cy by expanomg the eoa ‘ ;n't. S jL ;:,m;.ally mere ned  investment by f t
' r  ; t o n ; reserves c ' od and naturai pas h <s assu ' ‘ . ‘ “ ij n .;.1(j Kingdom s economic p-*rforn.ancfc

*'‘ =t-.cuv supply sector and by me coal conversion ..no ;  3 ‘ * , tht.‘ne*; century
v-^ id  net fait siç-ificar.tly below that rr. Scenario 0 unti, the ea-y pa o

r
ceoa//t) 5  /  H ig h -G row th  View
'e themes of this scenario are a buoyant international economy and high economic growth in the United 

* ,n9dom. It is assumed that the increased demand for energy would push up world energy prices faster than in 
Cenario 0, but insufficiently fast to interfere with economic growth. The United Kingdom's higher economic 

Per,ormance would give it the ability to expand its nuclear plant building industry at 3 particularly high rate.
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A3

T ab le  2 S ta te - o f- W o r ld  A s s u m p t io n s

Scenario
0 1 2 3 4 5 6

wiate-
°f-W orld  

__^ariables

T rends-
C ontm ued
Scen a r io

Low-
G ro w th
Sce n a r io

Limit-on-
N uc lea r
S cen a r io

H igh-Energy-
C ost
S c e n a r io

Price-
T ran s itio n
Sce n a r io

Se lf-
S u f f ic ie n c y
S c e n a r io

High-
G ro w th
S ce n a r io

0 i(JK  Economic 
Growth (G D P 
averaqe 
annual)
1975-1990 
’ 950-2000 
2000-2010 

______201C-2C25

Central view

3%
3%
21%
2%

Depressed

2%
1 i%
1%
:%

Reduced

21%
21%
2%
11%

Reduced
Slightly

2 J%
21%
21%
2%

Cential view 
to 1990. 
then reduced

3%
2%
2%
2%

Close to 
Central view

3%
3%
21%
11%

Buovant

41%
4%
31%
3%

(2 (World
Economic
Growth

Central view 
1 -11% 
aoove UK 
growth

Depressed 
i - i %  
above UK 
growth

Low. 
1-1% 
above UK 
growth

Reduced. 
1-1% 
aDOve UK 
growth

Centra! view 
to 1990 then 
reduced

Central view. 
1-1 ;%  
above UK 
growth

Buovant. 
11-2% 
aoove UK 
growth

(3)\\or;d P ,ices 
energy

^aA- materials

Rising 
Stowiv until 
1990s then 
faster, 
exceeding 
cost of
syncruoe soon 
after 2000

Siigntly 
Beiow 
Scenario 0 
levels

Rising 
raoidiy from 
eariv 1980s 
onwards

Sharply 
hicner. 
oouolmg 
immeoiately. 
staoilismg 
until 2000. 
then as in 
Scenario 0

Stable 
until * 990. 
then lumping 
weli above 
Scenario 3 
levels

Similar to 
Scenario 0 
levels

Rising 
somewnat 
faste- tnan 
Scena-io 0

Internal 
En«.gv p „ces 
,,n teiattor. to 

\ ^ ,' 0rid onces)

Present
relationship

High Slightly 
nigner tnan 
present 
relationship

Present
relationship

Present 
relationship 
until 1990. 
then high

High Present
reiaticnsmp

(* , -~.=pe.gv
~(°~ss*vat;cr.

P*esr nt
*XDez:d:<Cr-5

Hig- bur 
c t .jv e s  cv 
iov. economic 
cctvity

Ve»v h-ah. 
wen aoove 
present 
e>c-ecta:ions

Very h.ph 
we'l aoove 
C'eseni 
expectations

Preterit 
expectations 
to 1590. 
men very 
h.gr.

Hicner
man on
Scenario 0

Present
exDt::3:.ons
oct
czzf  fa ted  
&v r  cr.

SCt V:TV

. -m.um on 
¿elf.

v Cier.py

Present
DOiiCV

Present
ponev

Present
policy

Present
poccy

Present
corny

Very high Present
poney

’7| ¿-clear
. * “ 1 tu i'd  r.~
'■'»i'imme

U p  to a 
maxtn.jm of 
50-CCGvV'ei 
inr.taf id m 
vie- 2000

U p  tc a 
maximum
40-60GW<e) 
installed in 
yea- 2000

Programme
nailed
after SGHVVRs 
commissioned 
in mid 
1950s

U p  to a 
maximum of 
50 -COGV.Tej 
installed .n 
year 2000

Up to a 
maximum of
5C-C0GW (e)
installer; in • 
yea1 2000

Up to a
maximum of 
90-1 OOGW(e) 
installed in 
veat 2000

U p  to a
rr.a*:r-.j-n

mstc. «r- in
Y eh' :  *oo

.'-m eets of 
fc’»V from 

c ■'•'native 
' '\ ^ u r c e s

Present
expectations

Eo 'ow
present
expectations

Very high, 
well above 
present 
expectations

A cove 
present 
expectations

Pres.fr nt 
expectations

Present
expectations

pr».i*r; 
c rpc-ctit.ons

(S)c Qa,

P,Q^ C io n
Present 
plans and 
expectations

Slightly 
above 
present 
plans and 
expectations

W ell above 
present 
plans and 
expectations

Above 
present 
plans and 
expectations

Present
plans to
1990, then
rising
above
piesent
expectations

Above 
present 
plans and 
expectations

Present 
plans and 
expectations

fv 7 ~7r-----------—  --------- ------------------------------ —— —---------— —  ------------ -
' )The same demographic assumptions are common to all scenarios. namely : total population would slowly rise but not exceed the 1575 

•evel by more thar. 10 per cent in 2025; however, the total productive workforce is not expected to increase significantly over this 
Period.

(2; Structural shifts withm the economy are assumed to have only a second order effect on eneigy consumption Industrial cutout has teen 
assumed to rise at a rate of 0 25 percentage points above the GOP rate on all scenarios.
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r~— -----------------------------
.__^CFNa r i o  0 THE TRENDS-CONTINUED VIEW

SCENARIO DESCRIPTION

Th,s scenario tat.es a ‘«.ends-continued view ol tre  future bv extrapolating m.ddle-of the-.oad views of likely social, econom.c. and technolog,cal 
developments in the medium te.m tmouoh to 2025 The ica costs of energy raw materials m .elation to other resources are assumed to remain at 
3,ound then present levels until the ea.ly 1 990s. after which they would oeg.n to increase, though only slowly at first, early next century, world 
enerqy puces would nso above the cost of producing synthetic crude oil (Irom oil shales, tar sands or coal) Conservation e.fects on en^ Y 
util,sat,on are assumed to arise pr.nc.paliy through the operation of the puce mechanism. w „h  modest reinforcement from government, but wr.nout 
any restrictive measures being imposed.

Economicâctors:
Energy
Prices;

Pr|mary
Energy
AvaiiaoiiitY :

SPECIFIC ASSUMPTIONS

A central view o* the United Kingdom and world rates of economic growth is assumed The United Kmgoom economy (as 
measured bv G D P ) would expand at an annual average rate of 3 per cent up to the end of the century, falling toward 2 oer cent 
by 2020 The world economy would expand at rates of 1 -11 percentage points higher than the United Kingdom's rates.

The world once of energy raw materials would rise slowly until the 1990s. and faster thereafter. Shortages of naturally-occurring 
hydrocarbon liouids and gases would pusn their world puce above the cost of substitutes early next century. Within the United 
Kingoom. energy prices to consumers would be held at or slightly above their present relationship to world energy puces.

Annual production of coal would rise toward 150 million tons (including 10-15 million tons of open cast) in the 1990s and 
nolo at mat icvel for the long term. As the world puce of hydrocarbons increased later this century, techniques would be 
aoooted to enhance the recovery from o.l and natural gas reservoirs: also discoveries which would not be considered 
commercial under today's conditions would be exploited. It is further assumed that by tne turn of the century, mooest Quantities 
of oil would be produced from areas yet to be designated.

! f0nv«r»0n 
I °'«noution:I
!
!

Ì

j *̂',:*ation:

The United Kingdom would nave the technical and industrial resources to sustain a nuclear building programme geared to tne 
installation of up to 50-60 G W (e ) by tne vear 2000 Fast reactor technology would be proved and available for large-scale 
application before the end of Ihe century. Renewable resources and-waste materials would be develop-a as Dotennal sources of 
energy, bul would be introduced commercially only where economically attractive (in tne light of the successful nuclear 
programme assumed in tnrs scenario).

Electricity would not regain its present share of the inland energy market (nearly 12 per cent on a heat supplied basis) until the 
early 1990s as some existing users switch to natural gas or to lower grade fuels Combined heat and power piants and district 
heating schemes would be introduced where the economics appeared to be favourable.

Tecnnologies to proouce sucsbiute natural gas from oil or coal and synthetic nvdruca'DO". liquids from coal would be ava :able 
for introduction, if required before the «no cf the century It will be assumed m this scenario mat coal-baseo SN G  would d? a 
more resource-efficient mears of oelrveung energy for space and water neatmg tnan wcuid coal-oaseo eiecmoty.

The existing pattern o* energy need (m ttrr-5 of 'useful' energy consumption ! would coad lv  continue but with some 
quantitative recuctrons due to tne operation cf the puce mpcnamsm. mooestiv reintorced bv government measures In addition, 
mere would oe steady imc'd.ements m comestic. commercial, and incustria! eno-use efficiencies, and m transoonation
efficiencies.

M A IN  FEA T U R ES

( ¿ S ^  Energy
tons coal equivalent)

1975 1990 2000 2010 2C25

126-127 135-145 130-150 130-150 130-150
2- 3 20C-240 175-215 60-110 10- 30

52- 53 75- 95 40- 50 15 25 small
2- 3 4- 7 7 - 3 0 10- 50 15-100

""u"3*.nous Non-Nuclear Suppl" 
Coal 
Oil
Natural Gas 
Alternatives

Indigenous Energy No-ĉie
a*laar Eneirgy

Suppliiet

183-185 

10 -  11 
145-150

420-480 

40- 50 

(50 )- (20 )

370-430 

110-130 

40- 90

230-320

270-300

130-200

170-260
480-530

140-220

>IP
Energy Consumption 340-345 450-470 570-600 690-740 860-940

,  have ^ en  calculated with a sectoral model using 1975 as a base The figures include 
•he figures for loial primary energy consump , . 1K i.. an(j by ships bunkering at United Kingdom ports The 1975 data arec°nsumption ol energy raw materials as c emi
Provisional and temperature adjusted. --- --------------------- ------------------
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Scenario 0 THE TREN D S-CO N TIN UED  V IE W

TECHN O LO GY IM PA C TS

7,arV E n e rg y  T e c h n o lo g ie s
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With deep-mined coal production stabilised at less than 150 million tons a year, it should be sufficient to extend those existing 
technologies which improve working conditions and raise the efficiency of deep mining W holly new extraction technologies 
(for example, in-situ gasification) are unlikely to be available on our 50 year horizon, but would probably not be required to 
maintain these production rates into the more distant future. However, new coal utilisation technologies will be neeaed in the 
medium term, in particular, techniques to utilise low-grade coals (for example, fluidised combustion) if substantial reserves of 
economically recoverable low-grade coals were shown to be present.

The exploitation of our reserves of oil and natural gas at Continental Shelf depths (up to 200 metres) would benefit from the 
introduction of improved and new techniques in offshore resource evaluation; in the design, construction and installation of 
offshore structures and pipelines; and in unoerwater working, inspection and maintenance Satisfactory deep sea tover 300 
metres) engineering technologies and production svstems will be called for by the mid 1980s Enhanced recovery techniques to 
increase the recoverability of oil and gas in place mav have become applicable bv the late 1980s.

A total of 50 -60 G W (e ) of nuclear plant could be accommodated by the electricity supply industry in the year 2000 and 
woulo generate about 60 per cent of the United Kingdom s electricity. Installod capacity would reach 120-140 G W (e ) in 
2010 Since a similar expansion in nuclear plant is to be expected throughout the developed world, the uranium supply position 
could (unless there are unexpectedly large new discoveries) have become sufficiently tight to require that fast reactors make a 
maior contribution during the first decade of the next century. The direct application of nuclear heat is unlikely to make a 
significant impact before 2025.

Renewable sources - wave power, solar heat, tidal power, wind power, geotnermal heat - even if successfully developed in the 
near future, would collectively contribute rather less than 40 mtcepa by the year 2000 The two technologies which, on this 
scenario, show most promise of making an impact this century would be wave power (up to 15 mtcepa) and solar heat (up to 4 
mtceoa). Recovery of energy from wastes would also make a small impact, perhaps 5 mtcepa by the year 2000 However, cf all 
the alternative sources only fusion power could become a dominant new source ol energy, although that is most unlikely to 
occur before 2025.

fn.
9Y  C o n v e rs io n  a n d  D is t r ib u t io n  T e c h n o lo g ie s

•lectr,City;

GiS;

N a „ c„  -0,,.. 1 echnoicgies

Most new power stations would be nuclear; any new fossil-fuelled stations would tend to be based on Tow-risk' technology 
and hence De close replicas of existing plant Major developments on energy storage systems would be welcome to smooth 
the diurnal cemand pattern and to increase the utilisation of nuclear stations during ofi-peax periods Combined heat ar.o cower 
plant would be increasingly favoured where there is a steady local demand for the heat, by the turn of tne century. CH P piant 
mav effect an energy saving of around 5 mtceca. largely from industrial applications.

5ase-load SN G  plants based initially on feecstocks of heavy oil and later on coal, would oe introduced from tne 19S0s 
oowa'cr to compensate for the rundown in natural gas supples I! the gas su d d Iv incusirv were to contract to a base s.ze 
related to tne premium ma-xets held in the eanv 1 999s tne United Kingdom could be converting to SN G  well ever 50 miihon 
tons c: coat a year by tne vea: 2C25.
District heatma schemes incorporating combined heat and power plants would mar c- oniv a small contrioution during tne 
medium term However, as gas sucolies run down, district heating, oernaos involving nuciear comomeg heat and oew e- c am. 
could expand to supply sav 5-10 pe' cent cf tne United Kmgaom s space and hot ware' reounements in the yeai 2C2S

Apart f'om special reouirements suen as for certain aromatic chemicals synthetic hvdocarbon liquids would not be recuuec ov 
tne United Kingoom Delore tne next century However, in the vear 2925. tne United Kincocm would consume a totai cf over 
1 50 mtceoa of hvorocaroon liquias for transport fuels and foi chemical feedstocks and ov that date a significant orocomon of 
Ihose premium Iiquiqs could oe coal-derived though not necessarily from coal conversion plant located in tne Umic-d Kingdom

V ,
-ail
"■Ct:

n9s

•fid,Us,ry:

% sDoq;

In resoons'- to tne h.qrier energy onces technologies which reduce me consumption ol useful energy and wh.cn improve tne 
efftcrencv ol e n e rg y  utilisation would be developed and introduced By  the vear 2009 the consumption of useful e-nerqv would 
P- som- 10-15 per cent hciow what n would have otherwise reacheo without the- escalation of enemy prices A tuhner 10 pe- 
cent reduction wou.d progressively accumulate during the early part of the next century

In bu.ld.ngs, ttie major technology impacts are expected from the development of buildings of low energy consumption tne 
more widespread adoption of energy management techniques and. more specifically for existing building stock, from insulation 
technologies, solar heat and possibly from the use of heat pumps Together these could reduce useful energy consumption in 
buildings by over 10 per cent below what it would have olherwrse reached in the year 2000 and by a funher nearly 10 per cent 
during the early part of the next century.
Apart from the short-term effects of good housekeeping, which should reduce energy consumption in industry by up to 10 per 
cent technologies to improve the energy efficiencies of processes and to reduce the energy content of producis would be 
introduced to provide a reduction of at leasi a forther 30 per cent in the specific consumption of energy in indusiry (on a heat 
supplied basis) by the early part of the nexi century.
In the transport sector, engine and motor vehicle design alone would have reduced specific fuel consumption by 10 per cent by 
the year 2000 Battery vehicles and alternative transport fuels are not expected to make a significant impact this century.

501



A6

scenario i A LOW-GROWTH VIEW

SCENARIO DESCRIPTION

raw‘hls scenario, low international economic growth is (he dominant feature It is assumed that, because of the consequent fall in demand lor energy
materials, world energy prices would rise more slowly than in sccnauo 0 As 3 result ol the depressed economic conditions in the United 

n9dom. additional measures would be taken to reduce the total energy import bill both through the introduction of restrictive conservation 
.___ ‘‘Sures and through the expansion of indigenous supplies of energy, particularly coal.

S P EC IF IC  A S S U M P T IO N S

Economicfactors;

EnergyPrices;
E"maryenergy
Ava"a:>,lity:

X ve:sto"
ú|p‘r¡bL-.„

World economic growth would oe depressed, averaging a little over 2 per cent a year up to the end of the centurv and 
somewhat less next century. As a conscauence. the United Kingdom economy (as measured by G D P) would expand at an 
annual average rate of 2 per cent up to the early 1990s. falling off to around 1 per cent Dy the year 2000 and to perhaps as o w  
as j  per cent by 2000.

The depressed demand for energy raw materials would cause the rise in world energy prices to lag behind those oioiected in 
scenario 0 Within tne United Kingdom, energy prices to consumers would oe held above their present relationships world 

energy prices.

The ooo'er piosoects foi employment in the manufacturing industry would enable the United Kingdom to devote additional human 
resources to coal production such that deeo-mincd coal production would exceed 150 million tons a year early next century. 
Deoietion rates ol natural gas ano oil would be controlled to extend into the late 1990s the period over which natural gas 
would cover premium gas markets, and to well into tne first decade of the next century the period of self-sufficiencv in oil. As 
tne world price of hydrocarbons increased later inis century, techniques would be adopted to enhance the recovery from on and 
natural gas reservoirs, also discoveries which would not be considered commercial under today’s conditions would be 
exoioited. It is funner assumed mat. by tne turn of tne century, modest quantises of oil would be produced from areas ye: tp oe 
designated.

Despite the poor economic performance tne United Kingdom would still have the technical and industrial resources to sustain a 
nuclear building programme such that thermal nuclear stations could account for around 60 per cent of electricity production by 
the year 2000. provioed that in:s would not entail constructing more than 4 G W (e ) a year in the late 1990s and provided mat 
Other markets cou.d oe found for the coal tnus displaced Renewable resources and waste materials would be Developed as 
sources of energy, but would oe introduceo commercially only where economically aitractive.

Elec:nc;tv would not regain its piesent snare cf the inland energy market (nearly 1 2 per cent on a heat supplied basis) unt- me 
late 1990s. as some existing end-users switch initially to natural gas and subseauently to supplies cf lower grape energy 7 “ e 
oocatipn  c* ccrr.pinec neat and power plants anc tne introduction of district heating schemes would oe encouragca w re * r . or 
me economics appeared to be ravourabie.

Tecr.no-ogies to prccuce sucstrtute nature! cas from oil or coal and synthetic hydrocarbon liouids from coa' would be ave =o'e 
for introauct.on. if required, pefore tne enc of me century. It will oe assumed in this scenario tnat coal-cased SN G  wourc oe a 
mo’5 resouiCe-efbCien: moans c  delivering energy to’ space anc w ale- nesting than would coa' based electricity

Tne existmo pane"- cf energy need fm terms o< useful! c-nergy consumption) would breadv continue but w:tn supstan:.»; 
cuantitativt tepuctons sue to me conservation measures ana to tne rngner consumer puces of energy in aodmon mem w c - d 
De rr.ajcr improvements m comestre commercia. ano incustrial end-use efficiencies, ano in transportation efficiencies

M AIN  FEA T U R ES

2000 2010 2025

150-170 
100-180 
45- 60 

7- 20

160-180 
70-120 
20- 35 
10- 35

170-200 
30- 70 

5- 10 
15- 60

'°'kUr\dtgenou* Enc'QV 
^c\ta, Lnetgy 

n̂ce ot Supp'ie*of ;

>1V

360-400

3 0 - 4 0

(40 )- (20 )

370-410 

70- 90 

(5 0 )—(30)

280-350 

110-130 

0- 40

240-320 

140-160 
20- 80

r|hta
Th

y  Energy Consumption 340-345 380-390 420-440 440-470 460-500

c0n '3u,es for total primary energy consumption have been calculated with a sectoral model using 1975 as a base The figures include 
br0 Surnp,‘°n  of energy raw materials as chemical feedsiockj and by ships bunkering al United Kingdom ports The 1975 data are 

^ 'O n a l and temperature adjusted.
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SCENARIO A LO W -GRO W TH  VIEW

TECH N O LO GY IM PA C T S

Energydl:

O'l and 
Natu'al Gas:

Technologies "• ■'
If deep-mined coal production is to be increased to 160-180 million tons a year largely by expanding the work force, it would 
be sufficient only to extend those existing technologies which improve working conditions and raise the efficiency of oeep 
mining Wholly new extraction technologies (for example, in-silu gasification) are unlikely to be available on our 50 year 
horizon, but in any event might not be required even if these production rates were to be maintained indefinitely, provided of 
course that the manpower was available. New  coal utilisation technologies would need to be introduced in the medium term, in 
particular, techniques to utilise low-grade coals (lor example, fluidised comoustion) if substantial reserves of economically 
recoverable low-grade coals were shown to be present.

The exploitation of our reserves of oil and natural gas at Continental Shelf depths (up to 200 metres) would benefit from the 
introduction of improved and new techniques in offshore resource evaluation: in the design, construction and installation of 
ofisnore structures and pipelines: and in underwater working, inspection and maintenance Satisfactory deep sea (ove- 300 
metres! engineering technologies and production systems will be called for dv the early 1 990s. Enhanced recovery techniques 
to increase tne recoverability of oil and gas in place may have become applicable by the late 1980s.

Unless we are again to become ma/or importers of fossil fuels in the early pan of the next century, the nuclear bunding pro
gramme would need to have installed a total of around 30 G W (e ) of plant bv the year 2000. and about ooubie mat amount by 
the yea' 2010 Since a similar expansion in nuclear plant would be expected throughout tne developed world, the uranium 
supply position could (unless there are unexpectedly large new discoveries) have become sufficiently tight to require that the 
fast reactors make a maior contribution no later than the second decade of the next century The direct application of nuclear 
heat would be unlikely to maxe a significant impact on our 50 year time-honaon.

Renewable sources - wave power, solar heat, tidal power, wind power, geothermal heat - even if successfully developed in me 
near future, would collectively contribute rather less than A0 mtcepa by the turn of the century However, in tne face of a tow 
growth in energy consumption and relatively stable energy prices, the only technology which, on this scenario would show 
promise of making an impact this century is solar heat (up to 4 mtcepa) Recovery of energy from wastes and the bio- 
conversion o* wastes could also make a small impact, perhaps 4 mtcepa by the year 2000 Of all the alternative sources only 
fusion power could become a dominant new source of energy, but that is most unlikely to occur before 2025

>̂ernv n
Elc ^on''ers,on and Distribution Technologies

ĉlear
F|«'on:

?l!e'naiivePurees

uectr'City;

'triC;

Uĵ 'oon-UiCS:

Probably all new power stations would be nuclear, any new fossil fuelled stations would tend to be based on 'low-risk’ tech
nology and hence be close replicas of existing plant M aio ' developments on energy storage systems would be welcome to 
smooth the diurnal demand pattern and to increase the utilisation of nuclear stations during oR-peak periods Combined heat 
and power piant would be increasingly favoured where there is a steadv local demand for the heat cy  the turn of the century. 
C H P piant may effect an ene'gv saving of uo to 5 mtcepa. largelv in industrial applications

Ease-load SN’G slants based irit'aHv on feedstocks neaw  oil and later on coal, would be int-ocuced from tre  * £9*: cn- 
waros to compensate for the run-cown in natural cas sucoiies If the gas supDV ificustiv were to contract tc a Cise s :e ’t v~z 
to :r>e o 'em .Ln markets nelc m tr*  1 999s. the Unneo Kingdom could Oe convening coai tc SN G  at the rate o' uo to E 1 m,. on 
tons a yea' ov the year 2025.

D str et heating schemes inco'ooratmg comomcd neat and oower plants wourc ma* e on*v a sms': contncut on ou'.rg the 
medium te>m since !he investment capital is unliken. tc be ava labie to b e 'e  up tne n ftw O ".i However, as gas s-oo it i run 
dov.n. distnc’ nesting perhaps involving nucicar compmed neat ana power p.ant, c cu d  c*ca.nd to supoiv sav 5 -10 o f  cert o* 
tne Linued Kingdom s space and ho: water reourrements cv the year 2025

Apart from special requirements such as for certain aromatic chemicals svntnetic hvc’ocaxon nouics would no: be recu"ed c> 
the UnneC Kingoom until we!i into tne next century In tne year 2025. the United Kmgoom would be consuming a tots of 
around 109 mtcepa of hydrocarbon liauiOs for transport tueis and for chemical feeosteexs and bv tnat date a sman p'coon.ion 

of these premium liquids could be ccal denvtc. thougn not necessarily from coai comers on piant located m tne Lrmtec 
Kindcom.

"*> î t.Chriciooies

CUi|hIQ>r>i9s:

l(H»i<**tlfy;

In response to high energy prices and conservation measures, technologies whicn reduce the consumption c‘ usc-fw e ; 
winch improve the efficiency of energy utilisation would be pursued By  the yea' 2CC. the consumption of useful tnt'dv r. gr: 
be over 10 p f  cent below what it would have otherwise reached There would be a further 10 per cent reduction c u n r ; the 
early part of the next century
In buildings, the major technology impacts are expected from the development of buildings of low energy consumption the 
more widespread adoption of energy management techniques, and. more specifically, for existing building stock from insulation 
technologies, solar heat, and from the use of heat pumps Together these could reduce useful energy consumption in buildings 
by 15 per cent below what it would have otherwise reached in the year 2000 and by a further 10 per cent in the early part of the 
next century.
Apart (tom the short term effects of good housekeeping, which should reduce energy consumption in industry by 10 per cen t 
technologies to improve the energy efficiencies of processes and to reduce the energy content of products would be introduced 
to provide a reduction of a further 25 per cent in the specific energy consumption of industry (on a heat supplied basis) by the 
early pan of the next century.
In the transport secior. engine and motor vehicle design would have reduced specitic fuel consumption by 15-20 per cent by 
the year 2000. Battery vehicles and alternative transport fuels would not be expected to make a significant impact on our 50 
year time horiaon.
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-EN'ARIO 6 A H IGH  G RO W TH  VIE

SCENARIO DESCRIPTION

The thd? smes of this scenario are a buoyant international economy and high economic growth in the United Kingdom It is assumed that the mcreasi
rnar*d for energy would push up world cneigv prices faster than in Scenario 0. but insufficiently fast to interfere with economic growth The 

J hited Kingdom s higher economic performance would give it the ability to expand its nuclear plant building industry at a particularly h;gn rate

SPEC IF IC  A SSU M P T IO N S

EconomicActors:
Enemy
Prices-

Pnimaryenergy
Av»itab1|ity:

C0nye,s;I and
! 0i«fibus

sion
dution:

I E,'t'"sat,,on:

The United Kingdom economy (as measured by G D P ) would expand at an annual average rate of over 4 per cent up to tne enr 
of the century, falling toward 3 per cent by 2010. The worid economy would expand at rates of 1 j  -2 percentage points higher 
than the United Kingdom’s rates.

The world price of energy raw materials would rise somewhat faster than in Scenario 0. Shortage of naturally-occurring 
hydrocarbon Itauids and gases would push their world price above the cost of suustitutc-s carlv next century Within me Unitec 
Kingdom, energy prices to consumers would be held at or slightly above tnee present relationship to world energy prices

Annual production of coal would rise towards 1 50 million tons (including 10-15 million tons of open-cast) in the 1990s and 
because of manpower constraints would hold at tnat level for the long-term As the world price of nvdroca'Dons increased laie 
tms century, teenniaues would be adooted to enhance the recovery bom oil and natural gas reservoirs, also oiscovenes which 
would not be considered commercial under today s conditions would be exploded it is further assumed tha: by the turn cf the 
century, modest Quantities of oil would be produced from areas yet to be Designated.

With the buoyant economic conditions, tne United Kingdom could have tne technical and industrial resources to sustain a 
nuclear building programme geared to the commissioning of around 5 G W te ) a year of new nuclear plant in 1990. 1C G W (e ) < 
veat at the turn of me century, and 15 G W (e ) a year by 2010 It is assumed mat fast reactor technology would be avaiispie for 
introduction in the mid 1990s. The direct application of nuclear heat from high temperature reactors would become technically 
feasible soon after the turn of me century.

Renewable resources and waste materials would be developed as sources of energy, but would be introduced commercially 
only where economically attractive (in the light of the successful nuclear programme assumed in mis scenario).

In the medium term, electricity’s share of the inland energy market would remain at its Dresent level (neariy 12 pet cent cn a 
heat supplied basis) until the nuciear building programme gathered speed in the early 1 990s Combined heat ano cowe- plants 
and district heating scherr.ee w p jld  be introduced where the economics appeared to be favourable

Technologies to produce suostduts natural gas from oil or coal and svntnetic hvcroc.vbon licuids bom coal wouid b? a.di.able 
for introduction if reauired before tne end of tne century. It will be assumed in this scenario mat coa:-tiasec SN G  wou : c ; a  
more resource-efficient means o‘ delivering energy for soace and wa-e- rearing than would coa-bastd eiectr ciry.

The existing pattern of energy need (in terms of 'useful ene'gy consumption' would D'osdiy continue, but w.tn some 
Quantitative reductions due to tne merer price of energy. In acdibor tne*e v.ouio oe steadv im.oiovtments m Domestic, 
commercial, and mousfr.ai enc-use eff.cienc.es a rc  in transr.crtabor tff c t r e e s

M AIN  FEA TU R ES

(MniEne,9V
__A ,ons coal eouivalent) 1975 1590 2000 2010 2025

120 -’.27 135-145 •20160 122-150 ■ 30 -' 50
2- 3 200-240 175-220 70-t 10 20- 40

52- 53 75- 95 40- 50 '5 -  25 5- t0
2- 3 4- 7 7- 20 10- 60 15-100

183-185 420-480 270-430 240-320 190-280

10- 11 60- 80 210-240 450-500 820-890

145-150 (20 )- 20 100-140 180-230 200-280

nous Non-Nuclear Supplies Coal 0,1
Natural Gas 
A|ie,natives

°U|lnd,ngeoous EnetOV 
■’‘uclear Eneigy
â'ance 0) Supplie*

' QUl p.
Energy Consumption 340-345 510-530 730-760 940-1000 1270-1390

: figures for total primary energy consumption have P ^ T h e  W 5  ^
c°nsumpti0n of energy raw materials as chemical feedstocks and by snips 
PfOvisional and temperature adjusted.
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TECHN O LO GY IM PA CTS
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W uh deep-mined coal production stabilised at less than 150 million tons a year, it should be sufficient to extend those existing 
technologies which improve working conditions and raise the efficiency of deep mining Wholly new extraction tecnnologies 
(for example, in-snu gasification) aic unlikely to be available on our 50 year horizon, but would probably nol be required to 
maintain these production rates into the more distant future. However, new coal utilisation technologies will be neeoed in the 
medium term, in particular, techniaues to utilise low-grade coals (for example, fluidised combustion) if substantial reserves of 
economically recoverable low-grade coals were shown to be present.

The exploitation of our reserves of oil and natural gas at Continental Shelf depths (up to 200 metres) would benefit from the 
introduction of improved and new techniques in offshore resource evaluation; in the design, construction and installation of 
offshore structures and pipelines: and in underwater working, inspection and maintenance. Satisfactory deep sea (over 300 
metres' engineering technologies and production systems will be called tor by the mid 1980s Enhanced recovery techmaues to 
increase the recoverability of oil and gas in place may have become applicable by the late 1 980s

On this scenario, the energy market would have no difficulty in absorbing the power from 25-30 G W (e ) of installed nuclear 
plant m 1990. 100-110 G W (e ) in the year 2000. and as much as 200-350 G W (e ) in 2010. Since a similar expansion in 
nuclear .plant wouid be expected throughout the developed world, the uranium supply position could (unless there are un
expectedly large new discoveries) have become sufficiently tight to require that fast reactors make a maior contribution before 
the turn of the century. The direct application of nuclear heat is unlikely to make a significant impact before the year 2000. but 
by 2025 perhaps 10-20 per cent of industrial process energy could come from this source.

Renewable sources - wave power, soiar heat, tidal power, wind power, geothermal heat - even if successfully developed in the 
near future would collectively contribute rather less than 40 mtcepa by the year 2000. The two technologies which show most 
promise of making an impact this century would be wave power (uo to 15 mtcepa) and solar heat (up to 4 mtcepa) Recovery 
of energy from wastes and the bioconversion of wastes could also make a small impact, perhaps 5 mtceoa by the year 2000. 
However, of ali the alternative sources only fusion power could become a dominant new source of energy, although that is 
unlikely to occur within our 50 vear time horizon.

"hen 
fl«Ctn Conversion and Distribution Technologies
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Practically all new power stations would be nuclear: any new fossil-fuelled stations would tend to be based on ‘low-risk- 
technology and hence be close replicas of existing plant. In order to support the operations of an exoanding electricity supply 
inoustry. steady improvements will be called for in most items of plant and equipment, particularly transmission equipment. 
Maior developments on energy storage systems would be necessary before the year 2000 to smooth the diurnal demand partem 
arid to increase trie utilisation of nuclear stations during off-peak periods Combined heat and power plant would be increas
ingly favoured wnere tnere is a steady iocal demand tor tne heat, by the vear 2000. CH P plant may effect an energy saving of 
over 5 mtceoa. largeiy in incustria! applications.

Base-load SN G  plants, based initially on oil ieeostocxs and later on coal, would be introduced from the 1990s onwards to ease 
the run-cowrioi tne gas supply incustry At its maximum impact, the production cf SN G  mient require some 30-40 million tons 
a year of coa> as feedstock In tne long term, remaining gas consumers would be switched to electricity or district neat

District neatmg schemes, incorporating combined heat and power plants, would make only a small contribution during the 
medium term However, as gas supplies run down, district heating, perhaps involving nuclear combined heat and cowe- p;ant. 
coulc expand to supply sav 5-10 per cent of the United Kingdoms space and hot water requirements in the year 2025

Apart from special requirements, such as fo' certain aromatic chemicals, synthetic hydrocarbon liquids would not be required by 
the United Kingdom unt.i oernaos around the turn of the century However, by the year 2010. the United Kingdom would be 
consuming a total of over 200 mtceoa of hydrocaroon liquids for transport fuels and for chemical feedstocks, and by tnat cate a 
significant proportion of these premium liquids could be coal derived, though not necessarily from coal conversion man: located 
in in ? United Kmpoom.

Ow U°n ̂ e:tinotogies • J'O'ai!"*»1Ct:

“«id,mQs:
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N «Port;

Iri response to the higher energy prices, technologies which reduce the consumption of useful energy and which imp-ove the 
efficiency of energy utilisation would be developed and introduced Ev  the year 2000 the consumption of useful enc-rcv would 
be nearly 15 per cent below what it would have otnerwise reached without the escalation ol energy prices There would be a 
further 10 per cent reduction during the early pan of the next century.

In buildings, the major technology impacts are expected from the development of buildings of low energy consumption, the 
more widespread adoption of energy management techniques and. more specifically for existing building stock, from insulation 
technologies, solar heat, and possibly from the use of heat pumps. Together these could reduce useful energy consumption in 
buildings by 15 per cent below what it would have otherwise reached in the year 2000. and by a further 10 per cent in the early 
pan of the next century.
Apart from the short-term effects of good housekeeping, which should reduce energy consumption in industry by over 10 per 
cent, technologies to improve the energy efficiencies of processes and to reduce the energy content of products would be 
introduced to provide a reduction of a further 40-45 per cent in the specific energy consumption in industry (on a heat supplied 
basis) by the early part ol the next century.

In the transport sector, engine and motor vehicle design alone would have reduced specific fuel consumption by 10-15 per 
cent by the year 2000. Batlery vehicles and alternative transport fuels are not expected to make a significant impact this century, 
but by 2025 electric traction could account for over one-fifth of all road movements.
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APPENDIX 2, LISTS OF 'DELPHI' PARTICIPANTS A. First Round, Surveys Sent

ns. C. B MPC.
:~:hccl cr a r c h i t e c t u r e,
V I C T O R I A  U N I V E R S I T Y  OF W ELLIN G TO N , 
P R I V A T E  S A G ,
W E L L IN G T O N ,
NEW Z EA L A N D .

f
D .M .  BATHER i
DEPARTMENT OF A G R I C U L T U R E  
AND H O R T I C U L T U R E ,  
U N I V E R S I T Y  OF R E A D I N G ,  
W H 1 T E K N I G H T S ,
R E A D IN G .

M R . J . K .  BOWERS, 
U N I V E R S I T Y  OF L E E D S ,  
DEPARTMENT OF E C O N O M IC S ,  
L E E D S  L S 2  9 J T .

O  PROFESSOR G .  B R O A D BE N T,  
O' PORTSMOUTH P O L Y T E C H N I C  

SCHOOL OF A R C H I T E C T U R E ,  
PORTSMOUTH,
H AN TS.

PR O FES S O R  P .  B U R B E R R Y ,  
DEPARTMENT OF B U I L D I N G ,  
U N I V E R S I T Y  OF M ANCHESTER 
I N S T I T U T E  OF S C I E N C E  AND 
TEC H N O LO G Y ,
M AN CHESTER .

DR. J . D .  BURTON,
U N I V E R S I T Y  OF R E A D IN G  
DEPARTMENT OF E N G I N E E R I N G ,  
W H I T E K N I G H T S ,
R E A D IN G .

D R . P .  C H E S H I R E ,  
U N I V E R S I T Y  OF R E A D IN G  
DEPARTMENT OF E C O N O M IC S ,  
W H I T E K N I G H T S ,
R EA D IN G  PG6 2 A B .

DR. P. CLOKE.
DEPARTM ENT C F  C E O G R A P H Y , 
LA M FE T E R  C O L L E G E ,  
L A M P E T E R ,
D Y F E D ,
WALES S A 48 7 E D .

D I R E C T O R A T E  GENERAL FOP EN ER G Y , 
J O I N T  R ES EA R CH  U N I T ,
2 1 C 2 0  I S F R A ,
I T A L Y .

MS. J .  S' 17 ,
S C O T T I S H  PI'A l i c i t ,
!: i  ! I I SII  WMM ENERGY GROUP, 
4 ,1 P '■ ?)!< : r.ATF .
CUI AR.
F I F E .

C O M M ISSIO N  OF THE EUROPEAN C O M M U N IT IE S ,  
D I R E C T O R A T E  G E N E R A L  FOR A G R I C U L T U R E ,  
EUROPEAN COMMUNITY C O M M IS S IO N ,
2 0 0  RUE DE LA L O I ,
1 0 4 9  B R U X E L L E S ,
B E L G IU M .

MR. E . F .  ECKHCLM.
WORLDWATCH I N S T I T U I E .
1 7 7 9  M A S S A C H U S E TTS  AVENUE t i.W . 
WASHIN GTON D . C .
U . S . A .

MR. 1 .  GRAHAM,
M\ . Ri B L f ’7 TR U ST E S T A T E S ,  
BAI MUIR.,
IARL.MIL .
AB KP DEE M SU ! P R .

C O U N C I L  FOR SMALL I N D U S T R I E S  
I N  RURAL A R E A S ,
QUEENS H O U SE,
F I S H  ROW,
W I L T S H I R E  S P 1 1 E X .

TH E  ECOLOGY P A R T Y ,  
1 2 1  S E L L Y  PARK ROAD, 
BIR M IN G H A M .

T i l l  CHEF.:: A L L I A N C E ,  
16  STRUT TON GROUND, 
LONDON S W ).

MR. R . J .  C O C K S ,
U N I V E R S I T Y  OF R E A D IN G  DEPARTMENT 
OF A G R I C U L T U R E  AND H O R T I C U L T U R E ,  
E A R L E Y  G A T E ,
W H IT E K N I G H T S  ROAD,
R E A D IN G .

MRS. W. E K I N G ,
52 QUEENS D R I V E ,  
GLASGOW G 4 2 8 B P .

MR. I . J .  OUMNETT. 
U N I V E R S I T Y  Of MANCHESTER 
DEPARTMENT OF L I B E R A L  
S T U D I E S  IN S C I E N C E ,  
F A C U L T Y  OF S C I E N C E .  
OXFORD ROAD,
M ANCHESTER.

P R O FES S O R  J . M .  CUNNINGHAM, 
WEST OF S C O T LA N D  C O L L E G E  
OF A G R I C U L T U R E ,
ANNBANK.

MR. J .  FLADMARK,
C O U N T R Y S ID E  COM M ISSION FOR S C O T LA N D , 
B A T T L E B Y ,
REDGORTON,
P E R T H .

FR O FESSO R  P .  H A L L ,  
DEPARTMENT OF GEOGRAPHY, 
U N I V E R S I T Y  OF R E A D IN G , 
E A R L E Y  G A T E ,
R E A D IN G .

DEPARTMENT OF E N E R G Y ,  
THAMES HOUSE S O U T H , 
M IL L B A N K ,
LONDON S W 1 .

THE F O R E S T R Y  C O M M IS S IO N , 
2 3 1  C O R S T O R P H IH E  ROAD, 
EDINBURGH 1 2 .

DR. D. HAWKES,
MARTIN CEN TR E FOR A R C H I T E C T U R A L  
AND URBAN S T U U 1 E S ,
U N I V E R S I T Y  OF CA M B R ID G E ,  
C A M B R ID G E .

D I R E C T O R A T E  OF RURAL A F F A I R S ,  
DEPARTM ENT OF TH E E N V IR O N M E N T , 
ROMNEY HO U SE,
43 MARSIIAM S T R E E T ,
LONDON SW 1P 3 P Y .

MR. S . J .  G A L L A G H E R ,
D I R E C T O R  OF P U B L I C  A F F A I R S ,  
S H E L L  U . K .  O I L  L T D ,
S H E L L M E X  H O U SE,
THE S T R A N D ,
LONDON.

H IGH LAN DS AND IS L A N D S  
DEVELOPMENT HOARD, 
B R ID G E  HOUSE,
BANK S T R E E T ,
I N V E R N E S S .
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JÓ /7C/UTM OEAC7//, 
S TOR NOW A Y, 
l.EWIS ,» //./; 7 f. HH ISLES .

ec//o0e on Anar ttectuee , 
UNI MENSITY COUIEGE,
RICHVIEW ,
CLONSKEA GH ,
DUBLIN 14.

DR. J. li.'.t'SON. 
RCWLTT INSTITUTE, 
BUCKSBURN,
AhflULFN.

PROFESSOR N.H. LIPMAN, 
RUTHERFORD APPLETON 
LABORATORY,
CHILTON,
D1DCCT,
OXON 0X11 OCX.

MR. J.N.R. JEFFERS,
INSIITUIF. CF TERRESTRIAL ECOLOGY,
MEiurwoor- research station.
GRANGE OVER SANDS,
•UMBRIA.

PROFESSOR G. LODGE,
NORTH OF SCOTLAND COLLEGE 
OF AGRICULTURE,
KING STREET.
ABERDEEN.

DR. B. JUSTIN,
PI I.KINGTON SOLAR PRODUCTS LTD, 
PRtSCOT ROAD.
ST. HELENS.
MERSEYSIDE.

MR. A LOVINS,
FRIENDS OF THE EARTH, 
9 POLAND STREET, 
LONDON Vil Y 3DG .

DR. T.A. LAWAND,
BRACE RESEARCH INSTITUTE, 
MACDOWAL COLLEGE OF 
MC.GILL UNIVERSITY,
STE ANNE DE BELLVUE, 
QUEBEC,
CANADA.

MR. C MACKAY,
DEPARTMENT OF AGRICULTURE 
AND FISHERIES SCOTLAND, 
CHESSER HOUSE,
GORGIE ROAD,
EDINBURGH 11,

DR. G. LEACH,
INTERNATIONAL INSTITUTE FOR 
ENVIRONMENT AND DEVELOPMENT, 
10 PERCY STREET,
LONDON W1P ODR.

PROFESSOR A. MACLEARY, 
UNIVERSITY OF ABERDEEN 
DEPARTMENT OF LAND ECONOMY, 
EDWARD WRIGHT BUILDING, 
DUNBAR STREET,
OLD ABERDEEN.

MR. W. LEGG,
SUSSEX EUROPEAN RESEARCH CENTRE, 
UNIVERSIY OF SUSSEX,
BRIGHTON,
BN] 9RF.

PROFESSOR T. MARCUS,
SCHOOL OF ARCHITECTURE, 
UNIVERSITY OF STRATHCLYDE, 
GLASGOW.

DK. C. LEWIS,
ENERGY STUDIES UNIT, 
UNIVERSITY OF ETRATHCÎ.YDE,
GLASGOW.

PROFESSOR T.W. MAVER, 
SCHOOL CF ARCHITECTURE, 
UNIVERSITY OF STRATHCLYDE, 
GLASGOW.

OE  l'J.v .o p m  e n t  GROUP 
9 KING STREET. 

LONDON WC2E 8HN.

CHIEF SURVEYOR,
MINISTRY OF AGRICULTURE 
FISHERIES AND FOOD, 
WHITEHALL PLACE,
LONDON SW1.

DR. A. MOW LE, 
COUNTRYSIDE COMMISSION 
FOR SCOTLAND,
BATTLEBY,
REDGORTON,
PERTH .

DR. M.J. MOSELEY,
UNIVERSITY OF EAST ANGLIA,
SCHOOL OF ENVIRONMENTAL SCIENCES, 
NORWICH NR4 7TJ.

NATIONAL COAL BOARD, 
HOBART HOUSE, 
GROSVENOR PLACE, 
LONDON SW1.

NATIONAL FARMERS UNION, 
AGRICULTURE HOUSE, 
KNIGHTSBRIDGE,
LONDON SW1.

NATIONAL FARMERS UNION 
OF SCOTLAND,
17 GROSVENOR CRESCENT, 
EDINBURGH 12.

DR. H. NEWBY,
UNIVERSITY OF MICHIGAN 
DEPARTMENT OF SOCIOLOGY, 
ANN ARBOUR,
MICHIGAN,

N O R TH  OF S C O TLA N D  H Y D R O 
E L E C T R IC  BOARD,
16 ROTHESAY TERRACE, 
EDINBURGH 3.

MR. R. NORTON TAYLOR, 
THE GUARDIAN,
119 FARRINGDON ROAD, 
LONDON EC1.

PROFESSOR T. 01RIORDAN 
UNIVERSITY OF EAST ANGLIA 
SCHOOL OF ENVIRONMENTAL 
SCIENCES,
NORWICH NR4 7TS.

DR. S. OWENS,
UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF GEOGRAPHY, 
DOWNING PLACE,
CAMBRIDGE CB2 3EN.

PROFESSOR D. PEARCE,
UNIVERSITY OF ABERDEEN 
DEPARTMENT OF POLITICAL ECONOMY, 
EDWARD WRIGHT BUILDING,
DUNBAR STREET,
OLD ABERDEEN.

DR. D. POOLEY, 
BUILDING 329, 
A.E.R.E. HARWELL, 
NR. DIDCOT,
OXON 0X11 ORA.

MR. J.A. POWELL, 
PORTSMOUTH POLYTECHNIC 
SCHOOL OF ARCHITECTURE, 
PORTSMOUTH,
HANTS.

PROFESSOR D. PROBERT,
DEPARTMENT OF MECHANICAL ENGINEERING, 
CRANFIELD INSTITUTE OF TECHNOLOGY, 
BEDFORD MK4 3 0A r..

All
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r i z . r o : :  K E i s r s s ,
3 U C K S .

depart;; end 
wye colleg
ASHFCRD,

K E T T S ,
? PURAE

PROFESSOR D. SORENSON, 
ROSKILDE UNIVERSITY,
3LE. 24-2,
PCST30: 250,
DK 4 0 0 C ,
ROSKILDE,
DENMARK.

professor c. p.itsc::,
DEPARTMENT OF AGRICOLOTRAI 
MARKETING,
UNIVERSITE ET NEWCASTLE- 
OH-TYNE,
NEWCASTLE CN TYNE.

PROFESSOR C.P..K. SPEDDII.’G,
CENTRE FOR AGRICULTURAL STRATEGY, 
UNIVERSITY CE READING,
1 EARLEY GATE,
READING RG6 2AT.

DR. ?. ROBERTSON,
ENERGY DESIGN SERVICES, 
I CROWN LAN'S ,
ABERDEEN.

inO
00

MR. R.A. RCSERTSON,
MACAULAY INSTITUTE FCR SOIL 
RESEARCH,
CRAIGIEBUCF.LER,
•ABERDEEN.

MR. T. SPROTT,
GRAMPIAN REGIONAL COUNCIL 
DEPARTMENT OF PLANNING, 
WOODHILL HOUSE,
ASHGROVE ROAD WES, 
ABERDEEN.

MR. W. STEVENSON,
NORTH OF SCOTLAND HYDRO
ELECTRIC BOARD,
16 ROTHESAY TERRACE, 
EDINBURGH 3.

SCOTTISH COUNCIL OF SOCIAL 
SERVICES,
18/19 CLAREMONT CRESCENT, 
EDINBURGH 7.

DR. R. TODD,
CENTRE FOR ALTERNATIVE TECHNOLOGY 
MACHYNLLETH,
POWYS,
WALES.

SCOTTISH DEVELOPMENT DEPARTMENT, 
NEW ST. ANDREWS HOUSE,
ST. AMES' CENTRE,
EDINBURGH 1.

DR. R.B. TRANTER,
CENTRE FOR AGRICULTURAL STRATEGY, 
UNIVERSITY OF READING,
1 EARLEY GATE,
READING RG6 2AT.

SCOTTISH LANDOWNERS' FEDERATION, 
18 ABERCROMBY PLACE,
EDINBURGH 3.

DR. J. TWIDELL,
DEPARTMENT OF APPLIED PHYSICS, 
UNIVERSITY OF STRATHCLYDE, 
GLASGOW.

x o j & T H t / f - j a æ  x A  >/' ¿ i .’ s s i ;  ¿7 :• i . ’ c - f t  
TANNERS YAKD ,

GILESGATE,
HEXHAM,
NORTHUMBRIA.

PROFESSOR G. WIBBERLEY, 
WYE COLLEGE,
ASHFORD,
KENT.

DR. 3.1.3. WILSON, 
DEPARTMENT OF PHYSI 
HERIOT-WATT UNIVERS 
RICCARTON,
CURRIE,
EDINBURGH.

PROFESSOR P. WILSON,
EAST OF SCOTLAND COLLEGE 
AGRICULTURE,
WEST MAINS ROAD, 
EDINBURGH 9.
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B. First Round Respondents.

Mr. lî. Abayomi-Colc, 
UKPL/2 2,
Shell U.K. Oil Ltd., 
Shel1mox House,
The Strand,
London WC20RDX.

Dr. E. Bossanyi,
Rutherford Appleton Laboratory,
Ch il ton 
Didcot,
Oxon OXli OCX.

Mr. J. Boyd, 
Edinburgh School of 
Agriculture,
West Mains Road, 
Edinburgh EH9 3JG

Professor G.E. Cherry, 
Centre for Urban and 
Kegional Studies, 
University of Birmingham,
P.0. Box 363,
Birmingham BI5 27T.

Dr. p. Cheshire, 
University of Reading, 
Department of Economics, 
Whiteknights,
Reading RG6 2AB

Mr. N. Fielden,
North of Scotland 
Coliege of Agriculture. 
Department of Engineering, 
Craibstone,
Bucksburn,
Aberdeen. 509

M r . A . J . Grayson , 
Research and Development 
Div ision ,
Forestry Commission, 
Alice Holt Lodge, 
Wrocclesham,
N r . Far nham,
Surrey.

Dr. D. P. Haughey, 
Scottish Institute of 
Agricultural Engineering, 
Bush Estate,
Penicuik,
Ed inburg h.

Dr. P. Hobson, 
Microbial Biochemistry 
Depar tment,
Rowett Institute, 
Eucksburn,
Aberdeen .

Mr. D.F. Hughes, 
Ministry of Agricu11ure 
Fisheries and food,
Great Westminster House, 
Horseferry road,
London SWiP 2AE.

Dr. D. G. Infield,
Rutherford Appleton Laboratory, 
Ch i1 ton,
Didcot ,
Oxon OXii OCX.

Dr. J.N.R. Jeffers, 
Institute of Terrestrial 
Ecology,
Merlewood Research Station, 
Gr ange-over-Sands,
Cumbria LAii 6JU.
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Dr. C. Lewis,
Knotty Studies Unit, 
University of Strathclyde, 
Glasgow.

Mr. M. Mackic, 
M.A.D. Co. Ltd, 
Wester town,
Ho thìenorman, 
Grampian.

Professor A. Macleary, 
University of Aberdeen, 
Department of Land Economy, 
Edward Wright Duilding, 
Dunbar Street,
Old Aberdeen.

Dr. A. Mowle,
Nature Conservancy Council, 
Scottish Headquarters,
12 Hope Terrace,
Edinburgh EH9 2AS.

Professor T. O'Riot dan, 
University of East Anglia, 
School of Environmental 
Sciences ,
Norwich NH4 7TJ.

Dr. S. Owens, 
University of Cambridge, 
Department of Geography, 
Downing Place,
Cambridge CB2 3EN.

Mr. S. Parish,
West of Scotland 
College of Agriculture, 
Engineering Department, 
Auchnicr u ire,
Ayr .

Mr. K.N. Pedersen, 
Highlands and Islands 
Development Board, 
Bridge House,
Bank St roet,
I liver ness .

Dr . K. Shoe k, 
Building 156.3, 
E.T.S.U.,
A .E.R.E. Harwell , 
Didcot, Oxon 0X1i ORA.

Professor M. Slesser, 
Energy Studies Unit, 
University of Strathclyde, 
Glasgow G4 OLZ.

Dr. J. Twidel1,
Energy Studies Unit, 
University of Strathclyde, 
Glasgow G40LZ.

Mr. A. Warren, 
Association for the 
Conservation of Enerqy, 
9 Sherlock Mews,
London Vv 1 .

Kr. M.C. Whitby,
Department of Agricultural 
Economics,
University of Newcastle-on-Tyn.e , 
Nowcast 1o-on-Tyne.

Dr. J.I.B. Wilson, 
Department of Physics, 
Heriot-Watt University, 
Riccarton,
Cur r ie ,
Ed inburg h.510



C. Third Round Respondernts. A15

Mr. J. Boyd, 
Edinburgh School of 
Ag riculture,
West Mains Road, 
Edinburgh EH9 3JG

Professor G.E. Cherry, 
Centre for Urban and 
Regional Studies, 
University of Birmingham, 
P.0. Box 363,
Birmingham B15 2TT.

Mr. A.J. Grayson, 
Research and Development 
Division,
Forestry Commission, 
Alice Holt Lodge,
Wrecclesham,
Nr. Farnham,
Surrey.

Dr. D. P. Haughey, 
Scottish Institute of 
Agricultural Engineering, 
Bush Estate,
Penicuik,
Ed inbur gh.

Mr. d .F. Hughes, 
Ministry of Agriculture 
Fisheries and food,
Great Westminster House, 
Hotseter ry r oan,
London SWiP 2AE.

Dr. J.N.R. Jeffers, 
Institute of Terrestrial 
Ecology,
Metlewood Research Station, 
Gr ange-over-Sands,
Cumbria LA i f 6.1 ll.

Dr. C. Lewis,
Energy Studies Unit, 
University of Strathclyde, 
Glasgow.

Mr . M . Mackie, 
M.A.D. Co. Ltd, 
Wester t o w n , 
Rothienorman, 
Grampian.

Professor A. Macleary, 
University of Aberdeen, 
Department of Land Economy, 
Edward Wright Building, 
Dunbar St reet ,
Old Aberdeen.

Dr. A . M o w l e ,
Nature Conservancy Council, 
Scottish Headquarters,
12 Hope Terrace,
Edinburgh EH9 2AS.

Dr. D. G. Infield,
Pu the i fora Appleton Labor e-tory, 
Ghil ton ,
Didcot,
Oxon OXi1 GÇX.

Professor T. O'Riordan, 
University of East Anglia, 
School of Environmental 
Sc iences,
Norwich NR4 7TJ.
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Dr. S. Owens, 
University of Cambridge, 
Department of Geography, 
Down ing Pi ace ,
Cambridge CB2 3EN.

Mr . S . Parish,
West of Scotland 
College of Agriculture, 
Engineering Department, 
Auchnicr u ire,
Ayr .

Dr. R. Shock, 
Euilding Ì56.3, 
E.T.S.U.,
A.E.R.E. Harwell, 
Didcot, Oxon 0X11 ORA.

Professor M. Slesser , 
Energy Studies Unit, 
University of Strathclyde, 
Glasgow G4 OLZ.

Dr. J.I.B. Wilson, 
Department of Physics, 
Heriot-Watt University, 
Riceat ton,
Currie,
Ed inburg h.
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D. Numbers of Respondents in Different Specialisms
for the Three Rounds.

SPECIALISM 

Rural Specialists 

Rural Generalists 

Energy Specialists 

Energy Generalists 

Others

ROUND 1 ROUND 2 ROUND

17 8 6

17 7 5

21 6 3

15 5 3

9 0 0
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APPENDIX 3, THE 'DELPHI' QUESTIONNAIRES.

A. The First Round.
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SCHOOL OF SURVEYING ROBERT GORDON'S INSTITUTE OF TECHNOLOGY
garthdee
A BER D EEN  AB9 20B HFAD  OF SCHOOL
T<’l 022-1 33247 S. H. B A X T ER . AR ICS. M RS II, CIAt|rF

RURAL ENERGY DELPHI 
OF TECHNOLOGY AND TH

P u c\V E Y ,  R O S E P.T P0 ERUH * 
E ROYAL INSTITUT ION OF 

S U R V E Y O R S .

S INSTITUTE 
CHARTERED

Dear Sir,

An ongoing project here at the School of Surveying, 
sponsored bv.the R.l.C.S. has been involved in socio-economic 
research into the characteristics of energy use in rural areas 
of the U.K. and elsev.’hcrs , and the prospects for the future. 
As a part of this research we are conducting a several stage 
postal ’Delphi’ survey of experts in the various specie., isr-v 
touching on this field, which we would be grateful ._£ you 
able tc take part in.

Enclosed in the first round of 
the people we have asked to take 
research and it’s methodology, an in 
round survey, and a survey form 
feel able.

this survey are a ii 
part, a description 
traduction to the 
for you to complete u

Although this survey is presented in ’questionnaire’ 
form, we recognise that your ideas and comments may not 
happily fit this format, and would be grateful for your 
responses in whatever form you feel to be appropriate.

If you wish to collaborate with colleagues, or feel thut 
someone else in your organisation is better able to 
contribute, please feel free to pass this literature cn, 
though we would be grateful if you could note the name of 
whoever might be called upon to provicie responses.

~he anonymity of vour individual responses is assured, 
since no na^s will' be attached to specific responses in 
feedback. The second round of this three round process w u  
follow as soon as possible after enough responses have bpon 
rec ieved.

We look forward with interest to your ideas and comments, 
and hope that you will find this process of communication 
between different specialisms of some interest yourself,

Yours sincerely,

515



a l9

SCHOOL OF SURVEYING
g a r t h d e e
A BERD EEN  ABO 2QB 
Tel. 0224 33247

ROBERT GORDON'S INSTITUTE OF TECHNOLOGY

HEAD OE SCHOOL:
S H BAXTER .  FR ICS. F IAS. M R SH . ClAgrE.

RURAL ENERGY DELPHI SURVEY ROBERT GO R D O N 'S 
OF TECHNOLOGY AND THE ROYAL INSTITUTION OF

SURVEYORS
INSTITUTE

CHARTERED

Dear
I enclose a copy of an outline of 

survey of rural and energy experts 
future of rural energy use- which we are 
the School of Surveying

Since your organisation is intimately connected with 
aspects of this field we would be grateful for your advice as 
to which person(s) in or connected with your organisation, 
you feel might best be able to help us The documentation to 
the first round of this survey will be sent out on^e we tî ve 
been able to complete the list of suitable correspondents

As the survey includes a wide range of different 
specialisms which perhaps do not often communicate together 
°n such a broad conceptual topic we hope it may be- of some 
interest to you

I look forward to hearing from you

Yours sincerely,

an interdisciplinary 
on the subject of the 
carrying out here at
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C:
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INTRODUCTION
This first round of the 'Delphi* survey is divided into two 
basic sections,, firstly a hypothetical future is mapped out in 
full, with various of it's aspects represented on 'cusp 
catastrophe* diagrams for illustration. Elements of this 
fifty year projection are then separated, and your comments 
are invited as to the likelihood and desirability of each 
event.

Obviously elements cannot legitimately be viewed entirely 
in isolation. so your suggestions are also encouraged on the 
scenario as a whole. All comments will be carefully noted, 
and round two feedback will adjust, or possibly wholly 
replace, the scenario based on these comments.

The second section presents a set of possible ways in 
which local rural energy autonomy might be increased, and an 
assessment is asked for as to their likelihood, possible 
importance and desirability. Your comments might well include 
challenges as to the desirability or feasibility of thinking 
in terms of autonomy at all. This list is by no means 
complete, and is merely presented as a starting point for 
criticism and addition.
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D f i R  A f -  B N i m
F r j T T . r . ?  F

A SCENARIO FOR THE NEXT FIFTY YEARS

1.0 INTERNATIONALLY

On the international scene. it is suggested initially 
that there are to be no major shifts in the nature of present 
power blocks, though America will tend to gain the ascendancy, 
particularly through her relations with China. Threatened 
world or continental scale wars. conventional or 
thermonuclear, do not occur, and the pattern of contained 
military activity in poor countries of the world from time to 
time is sustained.

Although third world countries do see growth, the poorest 
areas are practically indistinguishable from today in their 
conditions, apart from their increased populations. Some 
economic power however, particularly in the more basic 
manufacturing industries, shifts to some third world 
countries, patricularly in Latin America and South East Asia, 
many of whom are able to achieve this growth whilst taking 
control of their own affairs, at the expense of the 
established developed nations, and gain considerable material 
benefit. Many O.P.E.C. countries consolidate their indusrial 
structure and become major forces in manufacturing, and by the 
end of the fifty year period their very expensive oil exports 
are absorbed more by plastics and chemical industries than for 
use as fuel.

Outside of these countries, and particularly in the 
capitalist first world, growth remains low, at one to two 
Percent, throughout the period, as the traditional 
manufacturing economic base of these countries collapses. In 
sPite of eventual oil substitutions, world energy pricres 
rise, generally in a series of politically inspired jumps, 
faster than any other commodity except food.

2. 0 EUROPE

in
the
an

economic unit, the E.E.C. grows 
response to economic threats from

E.E.C. politics become more of 
issue," as Brussels becomes more 'real' to people as a centre 
°f power. Eventually, European elections and political issues 
enjoy equal status with domestic affairs.

As a political and 
importance, partly in 
developed third world.

As a result of this trend, Europe begins to be thought of 
as an area of regions, rather than nations, and individuals 
ldentify with their regional status, based on economic and 
natural conditions, less than with their nation.
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3.0 NATIONALLY
Britain averages a lower rate of growth than many other 

parts of Europe, at around 1%/annum, and by the end of the 
period philosophies of creating economic stability have 
replaced the perceived need for economic growth. Low 
employment is a continuing phenomenon, and there is a slow 
shift, though violently resisted in some quarters, towards the 
acceptance of the lack of full employment, and the need for 
social policy to be aimed towards leisure use. With the 
collapse of the traditional, basic manufacturing industries, 
emphasis sits more and more on the production and export of 
such commodities as software, research and information.

Politically, there is a considerable continued shift to 
the right for some time, within a more generally capitalist 
Europe. Goals within society shift away from the social level 
and concentrate more and more on the individual, with the 
Progressive withdrawal of the state from many areas and the 
isolation of the production and life of the family.

The ageing of the conservative youth of the late 1970's 
and 80's reinforces the general new capitalism, which trend 
continues in spite of a slight left wing backlash around 2000 
to 2005. There is a breakdown of political alignment based on 
class, though the classes continue tto exist in modified form, 
and there is the growth of a staid, conservative working 
class, offset by a more socialist branch within the middle 
classes. The continued nuclear threat results in generations 
?f resigned fatalism, which emerges through egotistical self 
interest of the individual, and some religious ressurgence, 
father than concerned social behaviour such as pressure grups.

4.0 U.K. ENERGY

Energy prices in the U.K. are much higher than the world 
dverage due to economic policy in Europe and at home. The 
encouragement of the coal industry, and research into coal 
Using technology, leads eventually to considerable replacement 
of oil, and ultimately to the elevation of coal to the present 
Position of oil, with taxation and other conserving strategies 
rPlacing the encouragement to consume.

The priority for energy conservation amongst individuals 
9fows considerably, though wih state money restricted, this is 
refiected mainly in the growth of relatively low-tech means of 
Saving on ’traditional' patterns of use. There is some 
êndency towards localisation, as in urban district heating 
Schemes, but basically energy supply developes on its existing 
Pattern. In spite of Government wishes, the anti-nuclear 
lobby has some early effect, and keeps down the developmen of 
tj-ssion reactors to a 20GW capacity by 2000. Resistance 
owly dies out, however, due to the accident free history of 

industry, whilst commercial fusion energy is available at 
he end of the 50 year period.

519



A23¡RiJRAi- lENERSY
AT-m. 7iî*.

F  ÎJ T U  R I E
w IV \ .1 1

There is a high emphasis on self-sufficiency, nationally 
and, to a lesser extent, on a European scale, so that U.K. 
oilfields are quickly depleted, with a dramatic drop of 
Production after 2000, and a period of very high energy costs 
in the transition to coal. Because of this transition, grid 
electricity grows in importance, with a doubling in power 
station efficiency, from 30% to 60% conversion. Renewed inner 
city smog problems after 2000 result in restrictions on the 
individual use of low grade coal, and the present return to 
°pen fires is not allowed to continue.

Little stae funding for renewables mean that they are 
restricted to relatively slow growth and low-tech 
aPplications, though their identification with individualism 
and self-sufficiency lend thm an appeal for individuals (still 
Particularly the middle classes), who employ them on the small 
scale. Following a considerable lowering in price, and 
technical innovations in electricity storage, photovoltaics 
become the major renewable source after 2000.

5-0 U.K. RURAL

The decline of the existing structur 
j e growing impportance of informat 
ncreasing stress on individualism, mean 
^rginal rural areas are 'recolonised 
ciass urbanites.

e of urban industry, 
ion technology, and 
that more and more 
', largely by middle

Although there is little positive rural policy, pressure 
?n rural areas for commuting, retirement, and new lifestyles the atmosphere of continued high un and underemployment,^is encouraged through the progressive dismantling of planning 
controls. New rural infrastructure in response to this 
lowing demand is at a minimum. The perceived isolation of 
°utlying areas goes down, whilst the individual's willingness 
to be isolated rises, so that he appeal of marginal rural 
ereas for permanent settlement rises for many people.
. Planning controls
• t' areas around towr ] <?

remain relatively strong in 'green 
towns, so that rural area population growth 

is.caused more by genuine migration than by urban spread. 
riction between indigenous and incomer populattion, in spite 

(or perhaps because of), the latter's interest in 
and rural community, rises, and becomes a more 

issue, but trends are always towards the moulding of 
the requirements of the incomer^Cal areas

lo Smail, particularly high-tech, 
•6 *n favourable rural areas ln low in wage type employment.
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Many more people adopt lifestyles involving more than one 
source of income, including both part-time jobs and 
self-employment in small enterprises involving the whole of 
households, thus a kind of 'household economy' begins to take 
over from widespread wage labour as the main source of income.

More than in urban areas, rural areas adopt the 
small-scale use of renewable energy sources, particularly 
biofuels, causing land pressure and a conflict of interest in 
many cases between food and fuel, on much the same lines as 
presentt day agriculturee/forestry conflicts.

The low growth state means the growth in importance of 
rehab in domesic building, including the use of local 
materials to convert existing farm buildings to dwellings, 
with material and energy costs providing the main impetus 
towards this growth, rather than the present emphasis on 
planning policy.

Public transport and transport infrastructure declines 
considerably, and whilst this need is not met by private 
transport, forms of communication other than physical 
movement, which are not so much a function of distance, tend 
to equalise the position of the rural areas.

All in all, self-sufficiency, both for reasons of 
economics and ideology, becomes a priority in food, energy and 
most other goods.

6.0 U.K. AGRICULTURE

There is little change in landowning patterns over the 
Period, as a reaction to industrialised farming halts the 
growth of farm size, though large estates remain largely in 
the same hands and continue to dominate the life of more 
isolated areas. With the relaxation of planning controls, 
there is less discrepancy between prices for agricultural and 
building land, and land prices generally remain high. A 
general change in atitudes encourages the productive use of 
land, and the decline in validity of the ’sporting estate' image makes many previously bad estate owners manage their 
lend rather better.

Early on, environmental groups have some effect in 
Qltering farming practices, causing the decline of chemical 
fertilizer and pesticide use, the growth of 'organic farming', 
Use of rotations >d mixed farming. E.E.C. agricultural Policy shifts away direct subsidy and tries to encourage 
'good farming P rices' and balanced food production, 
generating a batter} f fixed, inflexible regulations which 
*ost small farmers e ’oy computers to evaluate.
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Outside of very strongly delineated conservation araes, 
like the NationalParks, (considerably restricted in size), 
environmental concern becomes restricted to concerns on the 
esthetics of landscape, which factor becomes more and more 
synonomous with 'good farming practices', rather than strict 
Preservation. Within nNational Park areas, including several 
in Scotland, however, conservation is rigid and unbending and 
°Perates greatly to the detriment of the farming.

Agricultural energy use decreases due to rising prices, 
though with emphasis on food production for export,
(particularly to the 'cheap labour', industrialising secors of 
the third world), more land comes under the plough. Energy 
efficiency increases through the rationalisation and reduction 
°t field operations, and through increased machinery
efficiency, with small tractors and very little use of large, 
specialised machinery such as combines.

Although farms remain quite large, and areas under 
cultivation grow, there is a considerable growth of 
®mall-scale, allotment type of rural production by both 
incomers and the indigenous population, as sideline income to 

household economy. both this factor, and the
deindustrialisation of many farming practices, contribute to a 
return to productive activity on the land which, including 
^art time labour, has reached 25% of the workforce by 2034.
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F IF T Y  YEAR SCENARIO  -  QUESTIONNAIRE;.

P" cs.se comment on the 'ike'ihood of occurrence of the fo"owing events, taken from the preceding
descriptive scenario. 

1. INTERNATIONAL-

mi00
r - ‘

to
•H
M

■P
•H
r
•H

iR «
•H03
toO

A'ternatives Comments

1.1. No significant disarmament, 
but world war, and a"' war 
within present'y deve'oped 
nations avoided.

1.2. Main manufacturing base in 
present 'Third Wor'd' 
countries by 203A.

1.3. No oi' used »s fue' within 
30 years.

1 .A. Wor'd economic growth be' ow 
2°/c per annum, 2000 to 203A.

1.3 . Wor'd average energy prices 
rise 3% per annum for 30 
years.

A
26

Other Comments
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2. EUROPE- I l ]-------------------------------- —

2.1. Genera-’ growth in
importance of E.E.C.

2.2. E.E.G. and nationa-1 
politics have equa-1 
importance to the 
individual by 20$4.

2.3. Other Comments.

/

3. nat i o n a i^y -
3.1. U.K. economic growth

averages 1% per annum for 
50 years.

3.2. Economic stability replaces 
growth as a noMtica" aim 
by 2034.

-v

3 .3 . Un and 'under' emp’oyment 
(based on present 40 hour 
week standard), at J>0% by 
2000.

A27

3.4. Host 'socia-’' policy
concerned with "eisure by 
2034.
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[ 4. U.K. ENERGY- r ~
r ~

—

—  
4.1. U.K, Energy prices

consistently higher than 
wor'd average.

4.2. Coa" is major replacement 
for oi"1

4.3. Energy saving mentality 
grows genera "’’’y.

4.4. ~itt?e state money
avai^ab'e for energy 
conservation research 
or practice.

4.3« 20GW fission capacity by 
2000.

4.6. Fusion becomes commercia’’ 
by 2034.

A29

4.7* Much higher e"ectricity
use,minore or/ess on existing grid pattern.
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/ S. 2. Totn ’ re' ax-ation of p" arming 
/ ' contro* outside green be’ ts 
/ and nations.’ parks by 2000.

1---- 1---- f-------------------------------
f---------------------------— -------------

3 .3 . New rura" infrastructure and
services almost ni’ throughout 
period.

3 .4 . Genera’ ’y rising wi” ingness
of individua’s to be iso’ated.

5.3» Rising friction between
incomers afad indigenous rura’ 
popu’ation for 20 years.

3.6. Dec’ine in %  wage emp’ oyment 
compared to part-time se’f- 
emp’oyment. Both have equa’ 
status after 2020.

3.?. Sma”  , high va'ue industries 
’ocate in rura' areas.

5 .8 . Mu’tip’e occupations carried 
out by 40% of workforce by 
2034.

A31
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jô. U. K .  AG RICU LTU RE- — I —

6.1. A'o perceptible change in 
"arge estate ownership.

6.2. Ka"t in crowth of farm size 
by 1990."

6 .3 . Gradua" withdrav:a" of 
institutions from faem 
ownership.

6.4-. Great improvement in
management of estates run 
present"y exc"usive"y for 
sport.

6.5. Dec"ine in use of chemica" 
ferti"izers and pesticides 
to 4 of present quantities 
per hectare.

6.6. Growth of organic farming,
3 0 ?- of farms fu""y 'organic' 
by 2 0 3 4 -.

A33

6 .7 . Return of mixed farming to 
most areas.
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6.8. C.A.P. becomes twice as 
difficult to interpret, 
network of extension 
agencies dea" so"e'y with 
this task.

7 T ~ T

6.9. Concerns of 'environments" ists 
and farmers coincide after 
2000.

6.10. Rigid conservation in 20
sma"" nations" parks severe" y 
restricts farming.

6 . 1 1 .  S 0 %  d e c r e a s e  i n  d i r e c t
a g r i c u " t m r a "  e n e r g y  u s e ,  ( i . e .  
n o t  i n  m a t e r i a " s  o r  c a p i t a " ), 
b y  2 0 ? 4 .

6.12. Priority for food export, 
aimed at nations" se"f- 
sufficiency in food va'ue, 
rather than in particu"ar 
crops.

6 .1 3 . 20% more "and p"oughed by 
2034.

6 . 1 4 ,  F i e " d  o p e r a t i o n s / h e c t a r e
r e d u c e d  t o  4  p r e s e n t  n u m b e r  
by 2034.

>GO
■fc.
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"T ___
ENERGY SAVIN G  AND USING THE'RURAL ENERGY R E S O U R C E '- Q U EST IC IŒ AIR E .

There fot'ows s "ist of possibi' ities for energy saving, and for ’internalising' the energy system of 
rura’ erses. You are asked to consider what is the ''ike''y contribution of each of these ideas", by 
indicating the percentage of present energy use for their particular function, (shown in brackets 
after each item;, that they might make up in 50 years time. You are a"1 so asked for your comments on 
the desirability, problems, advantages and details of the application of each idea, and most particu’’ar*y , 
for your own ideas as to reducing rura1 areas' dépendance on imported fue"s. It is recognised that such 
a percentage assessment is not ‘’ike'y to be accurate''y cs-cu-ated in any way, given the time span and 
the "ack of rigid definition of each fie'd, a"'' we are rea"y " ooking for is a rough approximation of 
your confidence in each item, and your views on its advantages and disadvantages.

li
ke
'y
 %
 

pr
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er
gy
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se
 

ma
de
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by
 

it
em Advantages Disadvantages Comments

T.' ' DOkEB'IIO"Ef.EKGï USE-

1.1. Replacement of transport by 
non-physics-’ forms of 
communication. (Energy in 
a"’" rura' transport)

1.2. Use of mobile services.
(Energy in rura" transport)

1.3. Energy saving vehicle design- 
(Energy in rura' transport)

A36

1.5- Efficient vehicle use such 
as car sharing. (Energy in rura-’ transport)
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( 1.5» Reducing space heat waste 
by insu’’ ating. (Domestic 
space heat).

—
— I---------------- — ------------

1.6. deducing space heat waste 
through sma’'er and 
adjoining new houses. 
(Domestic space heat)

1.7. Reducing domestic energy 
use merely "by using "ess, 
e.g. heat and "ight.
(A"" domestic energy).

1.8. Vo"untary rejection of ipany 
consumer goods present"y 
imported into rura" areas. 
(Fixed eiergy in production 
of goods)

1.9. Use of heat pumps.
(Domestic space heat).

•

1.10. Use of individua" and other 
sma"' wind energy converters 
(A"" domestic energy).

1.11. Use of individua" and other 
sma"" hydro p"ants. (A"’ 
domestic energy).

>w0
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/ 1 . -12. Use of p h o t  ovo" talc ce’” s . 
/ (Domestic e"ectricity)

— —

1.13• Use of so’ar water heating. 
(Domestic hot water and 
space heat)

2.14-. Use of passive so’ar
techniques in new housing. 
(Domestic space heat).

1 .13. Use of gas from anaerobic 
digestors v/ith indivàdua" 
househo'd's waste as 
feedstock. (Domestic space 
heat and cooking)

2. ENERGY IN AGRICULTURE-
2.1. Reducing chemica" fertilizer 

and pesticide input by use of 
organic fertilizer and changée 
management practices. (Energv 
in producing chemica^ inputs;

-

2.2. Reduction in intensiveness of 
■'ivestock rearing (Total 
energy in food production).

■

>u>œ



536

__

f 2.3. Move from ’ivestock and 
j  feed to crops for human 

consumption. (Energy in 
food)

J T~

2.4. Increase in farm machinery-
efficiency. (Energy in fie'd 
operations)

2.5» Use of waste machine heat,
e.g. in crop drying (On farm 
energy use)

2.6. Use of forest thinnings and 
timber ’’eft in after feeing 
(Tota' rura' energy use).

2.7. fanting of forestry for
fue' , coppicing. (Tota' rura' 
energy use).

2.8. Management of farm wood’and 
and hedgerows for fue' . 
(Tots' rura' energy use)

2.9* Wet crop residues producing 
gas. (Tota' rura' energy use) >

CO
CD
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/F.'TO. F" anting of catch crops. 
/ (Vota" r u r a " energy usd l I

2.11. Use of arnica' wastes for
gas (Tota' rura' energy use)

2.12. Use of straw burning stoves 
(Tota' rura' energy use)

2.13* Use of sma"'1 wind energy
converters (On farm energy 
use)

2.14-. Use of sma" hydro p'ants. 
(Cn farm energy use/

2.13» Use of photovo’taic ce"s. 
(On farm energy use)

2.16. Use of so'ar water heating. 
(Farm bui'ding heat) >&o
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.77* Cfee of passive so’’at
techniques in farm bui"dings. 
(Farm bui"dine? heat)

7 7

3. DO^ESTIC/AGRTGUT-TliRAiJ INTEGRATION-
3 .'I. Replacing mechanics'1 energy 

by human ’ abour on the f arm 
(Imported commercia’ farm energy

3.2. Reducing food packaging and 
processing, "oca"1 products 
staying in ’oca’ area. (Energy 
in food industry)

3*3» Using existing farm bui’dings 
for new awe’ ’ ings . Loca-1 
resources rather than imported 
industrial . (Energy in house 
construction).

3 .4 . Planned casus"1 feeing of
firewood by individuals (Energy 
in domestic space heat)

3.5* Reopened and new peat hags
worked by individual families. 
(Domestic space heat)

>*
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/ j?.6. B i o g a s  jp^suits u s i n g  h u m a n  
/ and anima" wastes. (Energy 
f for domestic heat and cooking)

y ~

—

3*7» Straw burning in domestic
stoves (Domestic space heat)

J.8. Renewables in integrated
projects, e.g. wind/diese-1 
generation for domestic/ 
new food processing or 
refrigeration. (Tote'' rura" 
energy use).

4. ADDITIONAL IDEAS/CGITEIITS-
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B. The Second Round.
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20/06/1985

Dear

Rural Energy Delphi Survey Robert Gordon s Institute 
of Technology and the Royal Institution of Chartered

Surveyors

Thank you for participating in the first round of our Delphi 
survey which has provided many very interesting responses

We enclose a copy of round two of the survey and would .be 
very grateful if  you could agree to participate again

This round consists of an amended fifty  year scenario 
which goes over the points of the first round incorporating the 
responses of panelists to try to create a picture with which 
more people might agree more fully The second part of the
documentation is a short series of lists of energy saving 
Possibilities which require ranking in order of importance

Many respondents remarked on the time consuming length and 
complexity of the first round questionnaire and the approach of 
asking long lists of questions has been changed in this round to 
a more descriptive one merely asking for comments on the points 
with which people disagree

Once again thank you for your interesting first round 
responses we would be grateful for any comments you have on 
this round

Yours sincerely

H M Edge
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DELPHI ROUND TWO, AMENDED SCENARIO.
A45

^gRODUCTION-

following scenario has been amended to take account of first  
ound responses. We have attempted not merely to abide by majority 
Pinion on issues, but to seek the underlying reasons behind any 
isagreement which there might be, and thereby to produce a scenario 
bich incorporates most opinions. We hope that we have achieved this 

without producing a watered down, meaningless compromise.

°̂uld you please comment on any item of the scenario which you feel 
ss not the most likely option, and on the scenario as a whole, in the 
gPaces provided on the right hand side. At appropriate points the 
rCe,}ario is interspersed with new questions on issues where no 
tat*onal conclusion could be drawn which incorporated a ll of the 
s6sPonses. (Comments can be directed at any point made in the 
?®nario, and need not be restricted to the few questions contained 
1<:hin it .)

1,0 INTERNATIONAL-

assumP fi°n is made that no world 
( ° r other major war involving the 

e*oped nations), occurs.

u economic growth averages around 
VIjq nnum, and drops slightly after 2010, 
lo8t Population growth slows down in 
^la ^evel°ping countries as the long 
iislye<3 result of cultural adaptation to 
H0c£n9 life expectancy and lower infant 

The effects of low growth 
t6(j. offset in some countries by wealth 
^j^cibution, but starvation and 
the u<:rition grow as problems throughout 
tecjj Period. The diffusion of new 

n®i°gies remains selective by area 
Ptobi^ss, and they solve few of the 
V P 8 the poorest countries.
^ sir ^sgins t0 be defined in terms of 

activities in the solving of 
^ du61115' whilst maximising gross ots lowers in relative importance.

t l e s as parts of the capitalise 
World' within 50 years, and these 
*es and the present developed 

th6 fies still dominate world trade and 
°nomies of the poorer countries. 
a in particular shows little

South East Asia and some 
of Latin America can be 

as parts of the capitalist

m
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general improvement in living conditions 
for i t 's  populace, and although much of 

more basic manufacturing resides in 
Third World countries due to the 
cheapness of labour,more sophisticated 

manufacturing, as well as new 
efvice industries such as software 

Production, remain within the first v°Ud.
alternativeAn a± tec native scenario 

'iori be the collaPse of the First 
Perk and its economic system 
or,,*19?3 through the 
tJatUsation of
Settles

of Third
greater

World
against economic

taiaation by the richer countries,
|ihî P3 as a natural result of
f0om Wor^  development leaving no

for exploitation, or through
^ J n a l problems in the First

o, °.r through major war between
, developed nations. Any of

6 Possibilities would obviously
■— . ■  •

%
char^e the entire nature of this
[On Jari°r could you please comment ____
c°l] 6 likelihood of a First World

AaPse of this kind? ------

*ver energy prices rise 2%/annum on 
though after an initial 'o il 

?Ooq ' ° i l  prices rise at 5%/annum after 
Son * In some panic over such rises, 
sHbsi ?0untries, notably the U.S.A., 

KSe ener9y prices from time to 
but these market led price rises 

**8Po a be arrested, and most countries 
c0ns_n<l by the encouragement of 
 ̂ N a t i o n .0

energy

Pt0fl substitutes such as Third World 
alcohol, achieve equal status 

oil in terms of price and 
S  imPtion by the end of the period, 
% .these fuels are only used by the 

in aviation, and in a few 
VhA# ° utdated mass transit systems.

a transformation is aided by a 
ShnS, of breakthroughs in the 
V 2 01°gy of electrical storage etos.
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êlphi Survey Round Two. Page 3 A47

2,0 EUROPE-
Tht e effects of the E.E.C. grow more far 

an<̂  important to individuals 
tie *n member countries, though this aû er goes so far as to surpass the 
in T m y  ° ^ individual states, at least the perceptions of ordinary people.
j^wever, recent growing nationalistic 

(such as those exhibitted by 
Plaid Cymru, the I.R.A. and the 

V gUe seperatists), do not abate, and 
e„.?Pe is not a harmonious, benign 
^ lty* but one forced to become more 
Pj^tant as a prerequisite of self 
in g6!;Vati°n against other power blocks, 
^ta ite of opposition from many small, 
s®en • peripheral areas. Europe is increasingly by most of the Third 
H»h, as an economically hostile ’rich 
n s club’.

M
n a t i o n a l l y -

General-
th6 ^ear 2000, present arguments 

t lostile Problems of unemployment begin 
!?°£>lee We^9bt as government and the 
5 are forced into acceptingeinPloyment structures. Such
!°tkin nst as job sharing, short hours 
kCtupa?. in the home and multiple 
•%eenl0ns» begin to bridge the gulf 
(3empj the 'employed' and the
l°na jfed’ and t0 relieve the tedium J°tk y.hours in repetitive occupations. 

3* 2o»OUrs, Per caPita are reduced by 
*hteas< tbou9h such statistics become

Peo?*y more difficult to measure, 
a not merely being employed

Wa9e' but doing work for payment 
0r work the value of which can 

n)easured in terms of the savings 
K ates to the individual.
V S d 's e l f - s u f f i c i e n c y ' become

more important, not so much 
X v total personal or family 

r in such matters as food supply,
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sD . by the replacement of some 
hQ Clalist wage labour by 1DIY' work at 
Co e* Such fields as cheap,recycled 
theP°nents in veflicle maintenance, and Co 9rowth of occupant labour in house 
ten?truction and repair, are able to Ce an additional 20% of wage 
ebcoUr* This trend is further t{j60u^a9ed by popular reaction against 

-increasing specialisation of those 
sucPie involved in newer technologies 

, as computer hardware and software, the fear of over-specialisation.
■fheso *e changes in the structure of the 

market remove the last effective 
^if? cry of conventional labour 

tics, the Labour party loses almost 
lib of tt's support and is replaced by atype of party, whose 
Jiâ n9th grows, along with smaller 
* °nalist parties, after the electoral 
9ovGClli brought about by it's first 
M>ornment* By the end of the period, Party politics are seen as being 

to the left as say, the National 
t is to the right.
5tate continually withdraws from 
areas of it's present concern, 

^o„,Cuiarly service provision which 
State finance, though without5uires-7 ______  __________

^iy^V^bing control over these areas.
tisation continues apace, with the 

^ s»tia e State being continually the antled, particularly as changes in 
thou ®mPi0yment structure take place, 

pensions do not suffer as much as 
sectors, due to the delayed 
°f present unemployment up to 50

from now. 
H»*sure though, s grows in importance,
>lud efiniti°n becomes much changed to __6 the self-financing activities of
iC°vi d ^ ° ^ e‘ Leisure facilities are more by private than by public 

Service industries, including " 
j.^^j.hhfacturing industries such as _ 
h! 9ro*: software development,

h^hd^â us and representativeness 
^  6t0 'nuclear family* c o n t i . —  it being replaced by wider 

ions of f a m i l y groups, often

•••3 -software development, continue 
Uf-'"’ in importance compared to 

°turing in the U.K.
of the 
nues to
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®̂lphi Survey Round Two.

E«med on economic
jecessariiy composed of W  basedrhe economy becomes m  many *°5 the activities of these small ?toups, 
"kith tend to restrict *he“  " “ „i 
Rareness’ to within ,the" f  ̂ „kinq 5cow more isolated and mwa

^§tion- Conflict remains amongst 
6sPondents, between those who 
ecceive economic growth as a 
Pessary condition for sustainment 

change in any society, and 
se who see the possibility of a 

.ĵ lthy, dynamic society without 

. 6 need for growth, do you see 
0 °ftomic growth as a prerequisite 

change, or even of stability? 
®ase explain briefly.

t 
h

°f coal increases throughout the 
Vth ' whilst the use of oil drops. 
ÎOOq” ^ea oil production peaks before 
^v! reducing to almost nil by 2034, 

n9 some very small operations to 
&t0(3uWest of Shetland as the only U.K. 
oSfUction* The rise in coal use is 

dramatic5 of oil (jLJ U f c «-**»>- ... - ^
'®ed for highly specialised uses by

--  ---1 .* 4- ^

Ü.K. Energy-

iue licc x»i vvw... ——  is 
S°UC dramatic after 2020, as other
)°nsumS 0f °*1 dry uPf and *s oniy¿0̂ umed for highly specialised uses by

^ontinued conservative politics
a relatively large share of the

■ t kf°r nuciear power, particularlybreeder reactors, in the shortt i;ecu,LuiS( m  — --- -
e ¿QJ Usion does not become commercial 
b^end- f though there is still much qifcure on it's development, whilst 
^Co^i Uranium reserves finite and n9 very expensive, fission is not 

Qs a permanent solution by anyone, 
fl^hd* ^*ssi°n peaks as a power source hNi ?®20, and therafter begins to run 
ĤfcgWlbh the closure of the older

Given that the present 
%  ar power station capacity, and 
Nuhira£Qcity planned to 1990 
hSo,ts to some 12.5 GW, what would 
2*k°Uc estimate of the most likely 
¡ttch CaPacity, and the year in ^  ^his is most likely to occur7_
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gê Venti°nal thermal electricity 
t h rat*on becomes more efficient 45̂ 0u9h°ut the 50 year period, reaching 
g * efficiency for the actual 
R a t i o n ,  (not counting transmission 
(3 ®Ses) * Combined Heat and Power scheme 

elopment however, takes the overall 
in £age efficiency of primary fuel use 

thermal power stations up to 60%.
m0pC<:r i° i ty use rises slowly, though 
pet® quickly towards the end of the 
‘int*0<3/ with the more general 

fOduction of private electric 
teles. The grid system is also 
-ed towards the end of the period to vmod 

denies

veh 
8dapt8Cor* ^  towaras tne en 8chftn'0<3ate . fairly large wave
^Din S away fro,n lar9e Elation.
ĥnt6r,RS of renewables, breakthroughs in 
t^tovoltaic

and tidal 
centres of

cell manufacture make it 
*°8t common alternative source 

lu.^ide after 2010, though it is of 
Iftgimportance in the U.K. A few 

Sciîero®s are generating electricity 
t>ianf^®newables, (excluding large hydro 

such as the Severn barrage, a
< í
(it-6 °f

wave power scheme on the west 
Scotland, and one large wind 

Most other renewables schemes are 
s. scale however, and largely 

*t6**lcted to the more remote rural 
°̂rth °f Wales, Scotland and parts of 
^to rn En9 iand, where small-scale %  wind etc. make up some 20% of 

tQtal electricity consumed.

*u

>toS60p:1 e*s awareness and practice of ep conservation grows considerably 
r9y prices continue to rise, (a 

M which continues, in a perhaps moret -------- * —  - --- ..t r hSa *orm# the Present predilection Q̂n»pQ ?rd sell tactics by double glazing 
&ieH e les etc*J * Yet in spite of the H  r political capital to be gained, 
b conservation research and

is largely restricted to the 
e. sector, in common with many 
iel<3s* By the end the period, "electronic control systems are 

^to save 30% of the energy used for 
Eposes.
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3.3 U.K. Rural-

l ural districts', as presently defined 
. t*le local authority areas, increase 

t06lr share of total population from 23% 
.around 40% over 50 years. Only the 
ije isolated of areas see any continued 
Population, whilst rural inmigration 
ects areas further and further away 

lar® present centres of population, 
as a result of changes in 

*ndi^mant structure away from the 
i*’r*a* systein first introduced in 

3.1 *ast century, as detailed in section 
p6{.: (Obviously by the end of the
t)â 0<3* this migration has changed the 

6 of many areas so that they can no tJJfr reasonably be defined as truly rai).
there is attendant friction 

°̂Pu?en. incomers and the indigenous i^iation, these definitions become 
blurred, and friction arises even 

*Hheen eariy and late "newcomers, no particularly serious 
iems are caused thereby.

beConin9 regulations in rural areas 
lhc| me Progressively more 'conservative*I.e. many 

are totally 
is more on 

well defined 
such as the

4H<} - ----  .conservationalist. 
^.^al restrictions 
hcfĉ ed, and the emphasis 

®n,e control within 
s of varying°f, varying size,¡[U^^ation of historic buildings, 
^es and nature reserves, ratheran ,on more general environmental 

!toUn<i Thus the strong pressure and 'lobbyists, mainly an elite 
%  ested interests in such areas, win 
% n 0 day# and the capitalist market 
%  m Y is given free rein over most of 
. test of land.
SaJ011 Planning controls are lifted in areas, and the need for 
s o-face communication in business 

Ceduced due to advances in 
J^6matl°n technology, many small, high** ' ‘ — J  ̂̂ i int c , 4t****.j --------.
<ta new industries tend to locate in 

a* districts, largely on the 
of providing a 'better

for employees and 
"'■“V* In itially  this occurs 

centres ° f  population, but 
Hy most areas see some influence

V^cnment’S^ent-
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from this movement.
ihetPub]the
Pubv *S a decline in the level of lc service provision in relation to 
Se amouut of private and voluntary • ices, whilst in spite of the largeinfiux of population into many areas.t-heire are generally few more servicesPto *" aj^teided than at Present, reflecting ' more individualistic attitudes.

k*Htation r e m a i n s  a 'fashionable' 
fop important sector in rural building 
Vher50lne time, particularly in areas 
ih|Re 1 recolonisation' occurs later.

f:nr rehab ispredilection$nc t"-«« iieuciwii for {Jr6fUra9ed both by an irrational 
in r®rence for the old and 'traditional' 

building, and a rational return tocertainvernacular 
techniques blended with new

in
theb{,ilrt?(3vanta9es of certain 

^ techniques blendec ugjnain9 technology. (Such factors as 
smaller windows, and the 

to ptation of heavy masonry construction 
Pitt« f^vide Trombe walls being important?. This trend is 

further by changes in building 
fyff fcY policy which admit to 
W i n c e s  in desirability between 
?lneurent building types. However, the 

*s soon taken up in terms of availability, and
ltat*on only becomes the most 

*0  ̂ tant housing sector in a few areas 
stii-»a short time whilst properties are 
, bailable.SiisC9* historical
Ui ~ car ownershipthe e' steeply rising oil prices after

trends
continue

towards 
for a

.Year 2000 finally halt this growth 
C ^ rin3 a slow but steady <3°w^ ad Private car ownership is thu 
C j Y  replaced after 2000 _ both by 
tC°Ve<3 forms of a-nfformatxon
W n°logy, including attendant trends 

as working from home, and bya 
'mass transit' system which i 

W H y privately or community _
S Z C than being paid for by public ^  Y. a cuefom makes usei °ucn a system mano« ----
fpic|etl0n technology to create highly forms of car sharing and the 
fih0tti t^metabling of small, probably buses. Subsidised publicly 

transport is restricted to a 
skeleton service in those few
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®Jeas where it s t il l  remains uneconomic 
transit systems to be privately run.

3,4 u.K. Agriculture-
thc0Rlg tile relaxation of planning controls 

valu a change in the structure of land 
and whilst some agricultural 

tiSe near major centres of population 
0oSsiMln value with the prospect of 

future development, most land 
remain fairly static or fa ll 

&pec.n with the abatement of
to Native 'land fever' and the return 
Va-*-Ues°re economic agricultural land

private estates, though 
ê cfng some continued pressure from 

^ rh°Û ^es etc*,causing some of them 
into han9e hands, are rarely split up 
^ t i^ a l le r  units, and there is no 

Cû ar political pressure to do so. 
9rowth in institutional farm 

tLS"^P slows down, though such bodies 
Pension funds continue to own and 

farms in large numbers, 
t̂miCularly in the more profitable 
<Dln9 areas.IS 'a .anti-bloodsports' lobby eventually 

r̂$,sa considerable effect, i f  not in 
l^ io  legislation then on public 

tha0' yhich eventually filters down 
°Pinions of landowners. This 

i r is aided by a changing perception 
ral communities from idealised 
. .Pastoral scenes to dynamic 

%tacitieS/ caused by the increasing 
c^ai of more and more people with 

fk^e* Thus large estate owners 
l ielvtlle need to diversify away from 
h^ow sP°rting use for land. The 

n?rs can no longer impress their 
square miles of wilderness, 
be seen to be building local 

s, lt:*es through the provision of 
,?ervices and infrastructure. A 
 ̂ ^mProvement' in the management of 

k theStates is therefore seen, in terms 
number and quality of livelihoods 

k an Provide.
rising costs of energy and 

l2ers are reflected in their lower
550
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enabled by improved crop strains, 
c te< complete use of organic 
D utilizers, and refined management 
•fticea with regard to fertilizer 
*cat*on* Chemical fertilizer use is 

*eVel6d t0 around 70% of the Present

^Proved strains, the use of more 
tjj ective pesticides and herbicides, and 

ntore careful monitoring and control 
red amounts and timing, are able to 
pr Uce these inputs down to 50% of the 
So* nt .lavel, possibly encouraged by 
^^legislative restriction on chemical

Ac
to
to

*Put.

eas Which have gone over almost wholly
Monoculture tend to return somewhat to highU - " * *  mixed farming duecosts and higher emphasis on 

9antc fertilizer use.
iiUpo lc farming also grows in 
°roa <ance*> all farms becoming more 2034, whilst 10% of farms,, 
teaeiler for truly economic or other °ns, are fully organic by 2034.
POfha in a small uneconomic way, tho ap® in a misplaced idealisation of 
^cti ,good life1, many people, 

foc^larly many rural inmigrants, turn 
Production, usually for home 

',0r|csn'Ption. The number of people 
h y  tn9 their own small plots in this 

rebles over 50 years.
h
Pcclud°<3uc7‘*y uiese owners of small food 5t> fn9 plots, farmers' spouses with

rng these
4,7 acM  ̂ -----—1Ve involvement on the land, part 

an<3 seasonal workers, some 15% of 
f a u l t s  have some involvement on the
N <f v|ier^i 2034. Full time agricultural ^c s numbers continue their decline .some time however, eventually
0ubin9 slightly and stabilising at
CPc»

°r less present levels.
food'5vect,r attitudes to perceived 

$h°<3ji»°̂ ucti°n' • such as the periodic Ok®*c, °^tain‘ scares throughout the 
kec uie out with both public concern 
V teas‘ Portages worldwide, and the 
0(J ^sln9 realisation of the power of Q political weapon in foreign

Thus markets are found foricY.
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t>4?luses in individual crops, and the 
is to subsidise these ex-E.E.C. sales 
Of 0 longer seen as a scandalous waste 
9ov ^sources by the public or by 
t*asrnments' albeit for different 
PhU0ns* Therefore, present
in °s°phies of producing to meet demand 
io0(jCertain crops dissapear in favour of 

Yalue maximisation. Aside from 
temgl .es for export, C.A.P., whilst 
6° ^ning complex, is seen as being less y the average farmer, as policies 

to more market orientated ones 
er 2000.

In . these food maximisation 
s3me SoPhies however, only about the 
ffiargacea as today is ploughed in 50 

time, as subsidies for produc
atgatea as today is piougncu An

time, as subsidies for producing
.om marginal land are changed, so 
* * -   — ~P̂ha • becomes no more lucrative. 

^  Sls is more on the better use of 
ho*.,'̂ osfe marginal land for livestock 

aetion.
Vi

in many other 
are never 

restrictive 
measures, and they remain. —  in

i(W  . fehe situation 
!Sstea es* National 
'^Stv .with highly 
,’0,i8e»Vational measures, and they re 
I *cti at*on areas more in name than ... 
i resfe* Instead, rigid conservation 

tricted to smaller areas such as 
¡0,l8id reserves, of which there are 
:*a.s ®rably more than at present, and 
iN®tv *S/ which become more rigidly 

Oons6<a than at present. The effect 
. rvation on farming on a national 

, ls thus negligible.
!% ^^ice rises force a considerable 
?t|t>. t0wards energy conservation on the 

is brought about both 
improved machinery design, in 

ŵ th sectors outside farming, 
,^d tn<3 the use of more correctly 
$% sachines for the job at hand, and 
j through better management, such

USe multiple implements on
Ot ®̂th Passes over a field, which 
* °f sav® not only time, but some 

the energy presently used.
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Sjjestion- Do you feel that the 
^cent economics of farming are 
ikely to continue to lead to 
’teater aggregation of farms* and 
hus larger units* or that there is• ikely to be some factor leading to 
cftange, i.e. stabilised or lower 
atm sizes? Please explain your - 
reasons briefly.
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POTENTIAL SAVINGS IN RURAL ENERGY USE - QUESTIONNAIRE

th6re follow various lists of potential means of saving and
^od
the

Ucing energy in rural areas. You are requested to rank
elements of these lists to reflect their potential

Stance in saving or producing energy used in their 
Partj
iati

°°nd
t{»nk

Ocular sector, without necessarily assuming the 
itions suggested in the foregoing scenario. (Please 
items 1 to n separately for each table/ where item 1
the greatest potential importance, and item n the 

9st). You are also asked for your comments, including 
e means of encouraging the implementation and growth 

these measures, (whether it be through legislation, 
9rch, education or other means), and the likelihood of

Po
Oç

occurrence.
Sterns marked with an asterisk should be considered not 
y *h terms of the savings they might generate in direct
tal

hs

fuel use, savings of energy used in processing and 
acture, or gains in food energy, should also be 
Idered). Please add to the lists any additional items

*ch You feel are of importance.

A57
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TABLE 1
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TABLE 2
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TABLE 3
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TABLE 4

^ n t 8 . Table 4
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TABLE 5
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.. -oiaHve importance of those>13 you please also cornet 0" the «:lat tial £or energyActors detailed above in terms
Saving compared to one another.

TABLE 6

Ranking 
(1 - 5)

Comments

5 g l V .  IMPORTANCE OF THE

Production in rural 
a® (excluding biofuels).

*iofUels.
• *

domestic energy use

Cultural energy use.
—

Vtc, in rural transport.

^hts - Table 6.
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„ . for your help with out
^ ' . « ^ L ^ e f l v i n g  you, comments on thxs

survey# 
round.

we

From-

r n

j
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SCHOOL OF SURVEYING
g a r t h d e e
ABERDEEN AB9 2QB 
Tel. 0224 33247

ROBERT GORDON'S INSTITUTE OF TECHNOLOGY

HEAD OF SCHOOL:
S. H. BAXTER. ERICS, FIAS, MRSH. ClAgrE.

16/5/1986.

Dear

Rural Energy Delphi Survey.
Robert Gordon~rs Intituteof Technology 

and the Royal Institution of Chartered Surveyors.

Thank you for returning round two of our 'Delphi' survey. We are 
now able to enclose the third and final round, and would again be 
9rateful for any comments you might have on it. Once again we 
roust apologise for the long delay between rounds, we hope you 
still feel able to help us. __
The round three scenario has been amended to incorporate all 
second round responses wherever possible. Where it has proved 
impossible to fit opposing responses into a coherent statement, 
three different approaches have been taken: in one case several 
alternative scenarios have been added, elsewhere new questions 
have been asked, and from time to time individual comments are 
included anonymously, indented from the main text and in 
Parentheses.
The final section is a summary of responses to the tabulated part 
°f round two, which asked for rankings of various proposals for 
energy saving and production in rural areas. We would be 
9rateful for any comments you might have on the conclusions drawn 
here.
Any comments you might have on any part of the scenario,or on the 
whole content or nature of the survey would be gratefully 
received,we look forward to hearing from you,

^ours sincerely,

Martin Edge".
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DELPHI ROUND THREEf AMENDED SCENARIO,

international-
SumPtion is made that no world war, (or 

^ion *a*°* war involving the developed 
ns>» occurs,

r ahn econ°mic growth averages around 
■ siotf'1* (being generally higher in 
t̂h e**ln? tban developed countries, though 
fops bsiderable national differences) , and 

ail9htly after 2010. Around the same 
S l o  •Pulation growth slows down in most 
S l t Pln9 countries as the long delayed 
i^et* cultural adaptation to rising life 

and l°wer infant mortality. The 
V  low growth are offset from time to
ft ethaTSOme countries, (depending on the 

politics and external influences by 
li Uh °r P9wers current at the time) , by 

redistribution, but starvation and 
rio<3 ifc*on grow as problems throughout the 
' lem bac,c of fuelwood continues to add to 
,'**8. of desertification in many of these 

diffusion of new technologies 
i5ve -Elective by area and class, and they 

6W tbe problems of the poorest
jjUe 6s* Growth begins to be replaced in 
ifVnui attitudes, and ultimately in some 
iv̂ vit?ft̂ s ! Policies, in terms of desirable 

S *n tbe S0Iv in9 °f problems, whilst
1§tiy ng gross products beging to lower in 

e importance.
C th East 

aart as parts of the ’First World'

'®tiÄ?ast Asia, some countries of Latinu Msia^ some cuuuu ico *. ——--
and to a lesser extent China, can be 
S Parts °f the 'First World' within 

V^°Ped an<* fcbese countries and the present 
l(Jh countries still dominate world
V rie g0{3 the economies of the poorer 
.Vrai > Africa in particular shows little 

pulimprovement in living conditions for 
Qop xi f h m m h  murh of the moretL̂ Or Although much ot cne iuulc

î iiriha 1 lower technology manufacturing, 
9 lower levels of quality control, 

n Third World countries due to the
ÿ S c S  ?f iabour' mor®, s0^ 1Snewatservice 
äV stri-ring' ae "Ä 1as well as 

such as software 
L Wlthin the first world.

n9 an initial slump,

new 
production,

real energy
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Price*Price 2%/annum on average, with oil
is i? rising at 5%/annum after 2010. There 
d̂iv̂ a*’*6 ° r no subsidising of oil prices by reSp xdual countries, and most countries 

by some legislative encouragement of 
9y conservation.

^1 l •
Of liquefaction becomes an important source 
Per* *9h grade energy by the end of the 
î ir<3 wbilst other oil substitutes such as 
iinpo World produced alcohol, though locally 
ierget?nb in countries such as Brazil, with 
Hgp. fan<3 areas and low populations, are not 

ricant energy sources internationally.

^ir°^ ^ust Third World alcohol, but also
L World, to use up excess grain, sugar

et etc.")

S  ° i l .  finds are s t ill used for 
Nod Stibutable purposes by the end of the 
^ited whilst electric vehicles have only 

g impact since there are only a series
improvements, rather than

troughs, in battery storage technology.

eUROpe-
| ^ a  <k
^chinects of the E.E.C. grow more far 

g an<3 important to individuals within 
iNdJountries, yet the additional powers 
¡tw îno to the E.E.C. are not so far 

.vidt aS to 9*ve it greater authority than 
Q*ir rV®l member states over the lives of 
b Clti 2ens.
%i ever r6*hih- Cent growing nationalistic trends, 

i®s t>1tted both by accepted political 
\Z by ®Uch as Plaid Cymru and the S.N.P.

m°re controversial bodies such as the 
C. g and Basque Seperatists, do not abate, 
Cltyr r?Pe is not a harmonious, benign 
¡>t̂°rtantbut one forced to become more 
ty*6rvat‘ 3S a prerequisiteagainst other power

of self 
blocks, in, v  ___

iĵ Pher opposition from many small, largely 
\  a aref s * Third world attitudes to 

t5e mixed, with increasing hostility 
ci ° Se c°untries which are seen as 

Ki*litv ely aUied to the U.S.A., but less 
,\°hs Y «qainst Europe as a group of 
V*5 , ue to the influence of Greece,' ’ poor\ L . andv.r* — — — ^

s within the community.
-v* Portugal as relatively
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nationally-
General-

S h ? robl“ s - -5cceDt government and the people begin to 
5(Uui7-different employment structures.

Year 2000, present arguments about 
of unemployment begin to lose

Such
as job sharing, (a scheme to 

which is already being operated by 
Ifioi.. ePartment of Employment, but with

!>romtionsCote
e91i
fhç success) • » short hours working in

and multiple occupations, begin to 
* the gulf between the 'employed' and 
Ug ^employed, and to relieve the tedium of
¿ft*Is h -■ thi ° û s in rePetitive occupations. Moves 
 ̂ s .direction are encouraged by a shift 

10t®cti°r union policy away from the 
tion of existing membership and on to 

i6<3nc ^eati°h. 'Work hours' per capita are 
^  s°me 20%, (taking account of the 

Nh. s®d numbers of retired people), though 
^ s t a t i s t i c s  become increasingly more 

ult to measure, with people not merely 
pfKie^^Ployed for a wage, but doing work for 

in kind, or work the value of which
savings

j M - *•** ft J.UU f Ut WUl N CUC vaAUC
* Sen- be measured in terms of the

erates to the individual.
doiiDnS 'Seif“reliance' become increasingly 

rtant'.not so much in terms of total 
f0od 0r family autonomy in such matters 

k’6 .suPPiyr but by the replacement of 
• ClaÜ s t  wage labour by 'DIY' work at

ts *n vehicle maintenance, and the 
V8<:tuct-*°f occupant labour in house
ill Hjit* °n an<3 repair, are able to replace 
^PoPui10nal ° f  wage labour. This trend 
C incrar fttitudes is countered somewhat by 
Jiu fue?aS^ng complexity of much technology, 

te3sined by a reaction against the 
9 specialisation needed to master

Such fields as cheap,recycled

A69

l \ tl
[tehd UP trends here. Strong current 
pP^rfe to use technologies which are 
ï°W eeCtly understood (by the user) .

, Hljg w ill swap (barter) specialist 
rather than becoming generalists")

j ifi ®
in the structure of the labour 

fect the validity of conventional 
A * Politics, and the Labour Party is 
% SuPd becoroe more centrist to retain 

 ̂ Of f ° rt* The Conservative Party, in 
Periodic internal criticism, remains
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5s far
lib r to the right as at present, and the 
8u«j ' . pai Lxcsf though gain 1 ng
in p°r t .and becoming a more significant force 
n. arliament. npwpr aain the status of being

Green

®r a l / s . D . P .  parties,

Pol
iament, never gain the 

wain opposition party
being
party

a minority force through out 
general trend in British 

is therefore slightly to the
9row as

^rtveriod’ The tight POlitics
g ,

at:e continually withdraws from many 
serv« of its present concern, particularly 
Ĥanoe Provision which requires State 

°vet though without relinquishing control 
0̂<3 .Se areas. Privatisation of Publicly 

Wftlindustry continues, though support for 
ê$e i *a ê State halts the privatisation of 

°f Q SOcial welfare activities. The effects 
e|D{H0 ageing population and changing 
°Pe aiInent structures mean that pensions are 

ea of growth in public finance.
h i
!6f*hiÎ^' grows in importance, though its 

sei 0n. becomes much changed to include 
N  th '' f ^nancing activities of many people, 
f c°nte 6 ,boundaries between work and leisure 

increasingly blurred. Leisure 
iV *bies are provided more by private than 

funds. Service industries, 
c *"9 non-manufacturing industries such 

j Ow mputer software development, continue to 
P Vi fn importance compared to manufacturing 

U.K.

Vi. ?ublic

the

:wUred bySciŵ ment
low economic growth 

levels, the concept of

and

and low 
' family' 

and 
becomes

difficu lt, though a smaller 
Ud ^uiture' of non blood-related groups 
p to counteract this trend slightly.

'eCa*/,uent levels, the concept oi 
increasingly important, 

•Pctft̂ bdence from the extended family

Ì 5»*r'Bn1
more of economic 

individual family
life  becomes 
units.

based

V ’UfliT the question of the necessity for 
i c  g r o t h ,  most respondents see no absolute Of r - --- 1-»' =* *

sU y* * HIOSC <3£>£>fc:i U (.now «IV——  - ,
tbiemselves continually, and that this

."iftk. e c o n o m ic  advances, and thus infer thatpersonal
as if  it 
group of 
to the

of other individuals, become

those who perceive growth as a 
- • most assert that human beings need to 

emselves continually, and that economic advances, and thus infer 
^  is unf t aiso needs this. My 
Pi! an ih5 .ab i fc is wrong to see society 
aKVidijaj lvi^ual, for it is obviously a 
fo^iity S* nf whom can, due
l i v e l y  

even
better 
in a no growth

r  1 I1 U  JLV X W w v t « .  ,off economically throughout situation. Indeed
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iL 0ne's income from school leaving age to 
}etlrement increased only at the same rate as the one would certainly be considered to be an 
^°nomic failure. Though the cultural attachment
j individual betterment is a strongthat attachment to collective betterment
i father less deeply rooted. Please comment.

^«K. Energy-
jPefjQ®6 of coal increases throughout the 
1^3 whilst the use of oil drops. North 

production peaks before 2 0 1 0 , 
n9 to almost nil by 2044, leaving some 

i i .?n,ai l  operations to the west of ShetlandA»* he only U.K. production. The rise in’-- after 2020,
K

H only U.K. proauctiv... j0ll Use is roost dramatic after 2020,
c0a?9ed. the Perfecti°n and common use liquefaction techniques, as other
es of oil dry up, and oil is only* • -a ..eoR bv 2044.

ligueracLivu —  of oil dry up, and oil i» 
vui«ea for highly specialised uses by 2044.
& 6,state which of the following three *°s for nuclear power seems the roost

y* giving your reasons briefly-
** Continued conservative politics means
wflatively large share of the marketJ^; 
re2lear Power, particularly fast breeder

| a°tors, in the short term.
du The aftermath of the .,fh«nobyl 
*bnâSter creates such public ill fee* ^ nuclear power that all « P « ? 1®" 
p. famines are halted by 1 9 8 8, the hal 
l̂rt’llanent and there is no replacementPlants, which are run down more
c*ly than previously planned.

StL Rising cancer statistics in Pa^fc® Hû P« around 2000 are attributed t
ear accidents such as Chernobyl,

frD European nuclear industry run
* this point.
f?es not become commercial by ^034, 

uinobthece *s still much expendltur ¡Ht^ent, whilst with uranium 
\  bot an<3 becoming very expensive *Seen as a permanent soluti ¥

Nuclear fission peaks as P 
' *J?roun<3 2015, at a peak caPac^ £ n with d thereafter begins to run down,
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the
repl only new development 

acement of some older plants being the

t>ec ntional thermal electricity generation 
the slightly more efficient throughout
fop j; Vear Period, reaching 40% efficiency 
tian t“e actual generation, (not counting 
V rmissi°n losses) . Combined Heat and scheme development in limited urban 
p f takes the overall average efficiency

^ t0lmary use in thermal power stations4 5 % .
city use rises

C kly
slowly, though more 

towards the end of the period, with 
^ic?re general introduction of electric 

though these are largely restricted 
The grid system is alsoÌÒ*PtedÌC transP°rt *

co towards____ the end of the period to
?“ate a fairly large tidal scheme away 
iar9e centres of population.

Sch- Velopment'- ' *ofOf »,f e*e .c
III

large renewables 
®mes)...stimulated by more flexible use 

9*id w*G* resources through the European

of renewables, breakthroughs in 
port talc c a l l manufacture make it a very 
Ijg ant alternative source worldwide after 
j&Of*. though it " is of practically no 

^ance in the U.K. A few large schemes 
^l^I}erating electricity from renewables, 
V „ u<Hng large hydro plants) , such as the
¡ C i ”! $r barrage and one large wind farm. Most 
itSve renewables schemes are small scale 

and largely restricted to the more 
Jts rural areas of Wales, Scotland and 
!«o of Northern England, where small-scale
N ’ w?nd ®tc. - -make up some 20% of the
O  fue^ectricity consumed. The use of wood 
fi‘ also grows considerably in these

ta

Ti|SyPe0ple's awareness and practice of c<?nservation grows considerably as 
Prices continue to rise, (a trend 

I/1», ,i*0ntinues, in a perhaps more educated 
be present predilection for hard sell 

v  tr by double glazing companies etc. As 
' taAg continues and demand for energy 
In (3evp^°<3ucts increases, growth in research 
\^tee^0piTlent *s largely taken up by the iitq ,Sector, with the role of Government 

little different from the present, ^oi e°d of the period, micro-electronic 
sVstems are able to save 25% of the
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5tier used for most purposes.

•3

V;
U.K. Rural-
, districts', as presently defined by 
0cai authority areas, increase their 

Q of total population from 23% to around 
êas er years. Only the most isolated of 
rtirâ  s®e any continued depopulation, whilst 
t(ie inmigration, though affecting areas in
V us°uthally

^hnture

Bast of England the most, 
affects areas further and further 
present centres of population, 

as a result of changes in employment 
, . and advances in information

This new rural population 
iNuin* ates largely around existing village 

t*es and small market towns, and 
remains at fairly high densities 

M o  t l̂an being scattered. The new housing 
»5 i^ent needed for such an influx takes 
iu vio? n impetus away from urban renewal.iy by the end of the period, this 
M s  °n has changed the nature of many °8 M f° fcbat they can no longer reasonably 

*ned as truly rural).
I-w(ner̂ bere is attendant friction between
f<niti and fche indigenous population, these . ions ho/irtmo einuiu hlnrr#»d. andf e l o n s  
.Hç °n arises

k

become slowly blurred, and 
. even between the early and
^ «u?ers' although no particularly
Problems are caused thereby.

^ “lations mral areas becomein Conservative* an^essively more con general
iM^Vabionalist. removed, and the
(V^tions are totally control within 
!M*sls is more' on extreme such as
V  defined areas o£ varying slzbi ildmgs, 
^luc°nservation of hist rather than on 

and nature reserves, Thus the
Nnoeneral environmental c , gts win the

Pressure groups and lo a more
y  ^  the market .0 0 nomy «  !land. 

ein over most of the r

« i S e te  
'nlctl

trends in this 
would represent a

t he^d s°cial organisation. There is
■ . to establish mechanisms capable of

are present 
on, but this

ïjïïî:11*
C'»« •••

conflicts
.... ..Attempts

* to date have 
ahcratic inertia.“)

of non-market 
to tackle this 
simply led to
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("I would have thought that the pressure 
in favour of this change would be exceeded 
by the pressure to oppose such relatively 
Uncontrolled development.")
("Don't agree. Increased concern over the 
Effects of human pressures on ecological 
Processes rather than 'landscapes' will 
force improved control of land use.")
Such planning controls are lifted in rural 

e0!as' and the need for face-to-face 
tou nication in business is reduced due to 
W nces in information technology, some 
lQallr high value new industries tend to 
R ate in the rural districts, largely on the 
C Un<3s of providing a 'better environment 
oj employees and management. Initially this 
j)a around major centres of population, 
C^cularly in the South East of England, 
C^entually  most areas see some influence 
C  !his movement, albeit a small one m the

I S
remote areas.

,¥l ls a decline in the level of public 
^Pri Provision in relation to the amount 
S V a t e  services, whilst in spite of the 
V *  infl,
k are

.ux of population into many areas,
i °videdre generally few more services 

than at present, reflecting new, 
k ^rvidualistic attitudes.

|V>R**tati°n remains a 'fashionable' and 
rHe a°b sector in rural building for some 
Voi .Particularly in areas where 
»ScU l°n*?ati °n' occurs later. This 

SujVbion for rehab is encouraged both by 
lective preference for the old andIt

to
preference 

in building, and a 
the advantages of 

;s

rational 
certain 

withk' bu-fr building techniques blended
Riding technology. (Such factors as 

V6 0ra^ er windows on all but the south 
Rvy 1 a building, and the adaptation of 

is asonry construction to provide Trombe 
‘,̂ <3 ¿eing particularly important). This

in
to

is helped further by changes Kl«* society policy which admit ~  
SVences in desirability between different 
W  ,ng ^ P 65- However, the slack is soon 
i V p  in terms of building avalJ ^  

^Rehabilitation only becomes the most
V t  9nt housing sector in a few are s t ill  
'^UK ,tin,e whilst properties are s t ill  able_

or ĉal trends towards higher car

A74
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Jjcoinj.ng increasingly smaller and more energy 
!fficient, eventually at the expense of 
L^formance, steeply rising oil prices after 
sie. year 2010, together with gradual 
titudinal changes which no longer stress 

sJ^ate transport as an essential status 
finally halt this growth and bring_ a 

but steady downward trend after 2020. 
fvate car ownership is thus slowly replaced

ip continue for a while, with cars

°th 
ech 
!°rk
itî^it'

teĉ *noiby improved forms of informationI

nologyfincluding attendant trends such as
from home, and 

system which
by a rural 'mass 

~ ojfouciu wuiv.ii is increasingly 
f « i ely or community financed for short n?e travel, rather than being paid for 
^forb**C money* Such a system makes use of R a t i o n  technology to create highly 

forms of car sharing and the 
timetabling of small, probablyfttr

n*n ic, buses. Subsidised publicly
transport is restricted to a minimum 

Hihton service in those few areas where it 
to remains uneconomic for transit systems 

Privately run.

A75

•4 Ü.K Agriculture-

There remains much disagreement 
aitioi regards agriculture, based on total 
r$ĝ nts °f U.K. food production. Many 
^rïïndents argue, on the basis of pr *puses of certain foods, that Britain 
shou.Uces a food surplus, and that we 
Prodld cutting back on agricultural 

Uctf°n, even in the long term, at the 
o°u time saying that Third World 

fries should not rely on food imports,• * ■ a » _(e
ina

— »  W  V  W  A  U  I t V  W —   *.,en, in some cases, if they have the
0th trial wherewithal to pay for them).s argue from the basis that
to u*tural production must be maximised 
Pres meet future world shortfalls,

UlI,ably aiming at a position where the■ • <•- -j — i ito
Pe
K.
°P1

Produces enough 'gross food value* 
reed itself. This issue colours

to all other*Q:^e's reactions . .
<wlcuUural parts of the scenario, please°%ient.

w"e relaxation of planning controls

major

the
»  *  w r t m , 4 V I |  c___ __________  ^change in the structure of land 
and whilst some agricultural land 

centres of population rises in
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with the prospect of possible future 
lo ̂ opment, 'building land' as such can no 
Prĵ er command such high prices. Most land 
^foS reraain fairly static or fall slightly 
sPscu? with the abatement of
agrj ative 'land fever' and the return to 
^cultural land values based more 
Pr0̂ uat®^y on potential agricultural 
an Ultimately however, land remains

tlation proof investment.
r9e Private estates, though experiencing 

death dutiesetc< c°ntinued pressure from 
5fe*»causing some of them to change hands, 
êrerfrcly split up into smaller units, and 

ls no particular political pressure to 
» though there is some slight economic 

f8sifUre from the influx of new rural 
The growth in institutional farm 

V  s”ip slows down, though such bodies as 
^Pension funds continue to own and manage 

ln large numbers, particularly in the 
Profitable farming areas.

¡kfj
]5fiVip°re People moving into rural areas, 

a°nn,ental' opinion sees the countryside 
mu 3 a static landscape and more as a 

Slai:? with similar needs to other 
t®8ent!‘*es* T^us those estate owners who 
lc°Ur under utilise their resources are 
*te^ed to fa** *nt0 l*ne the better*l0 • and concentrate on building 

jliiv^rent etcetera in the community. A 
local economy is seen as being more 

¡̂ t8e than a thriving grouse shoot. Of 
ln,Pr°vements which can be made in this
n are dependant both on land quality 

 ̂e efforts which have already been made 
Ce a diverse employment structure.1tû tua,,%^li? ^ rlsln9 costs of energy and 

ttJUc Qefsf as well as increasingly hostile 
?lnf°n against farm chemical use, are 

in their lower use, enabled by-  -_____ ______V^ic fCrop strains, more complete use of 
f̂ e n ? rtili2ers' and Particularly refined. ^ Practices with regard to
k application. Chemical fertilizer1yn toduced to around 801 of the present

'"it • dlfficult to see this, better 
p °aurS Can Pe more productive largely 

they can use more fertilisers, 
has dramatic effects on

573



^Iphi Survey Round Three Page 11 A77

Improved strains, the use of more selective 
feticides and herbicides, and the more 
■¿'eful monitoring and control of amounts and 
?ing, are able to reduce these inputs down >1 60% 0f the present level, possibly 
c°uraged by some legislative restriction on 

S ic a !  iiput induced by 'pesticide
Cents'.

lôo ŵ ich have gone over almost wholly to 
V o itu re  tend to return somewhat towards 
S e  farm*n9 due to high transport costs, 

emphasis on organic fertilizer use, 
Ce ^rom public ecological opinion and 

An the structure of C.A.P. 
S v  les* This trend is somewhat restricted 
îr0i) er by some changes in dietary habit away 

^eat consumption.
Jtg9n.
^ 'f a r m in g  also grows in importance, all 
''i| becoming more organic by 2034, whilst 
^etr farms, whether for truly economic or 

r®asons, are fully organic by 2034.

^.Organic farming
*Snifleant."*

cannot really become

%
! a a sn,ai l  uneconomic way,in a perhaps 

c©d idealisation of the .'good l i f e ',  
t igr particularly many rural
i ho9nts' turn to food Production, usually 
l^in1116 consumption. The number of people 

their own small plots in this way 
s over 50 years.

tiv'ln9
these owners of small food 

tVe*',y Plots, farmers' spouses with an 
¡Onallnv°ivement on the land, part time and 
1 ■ -1 workers, some 10% of a ll adults have 

^vement on the land by 2034 This 
eQsrw added to by a movement towards 
rmlng farmers' margins by increasing 
e ^frocessing of products, thus more

is
farmers'

m Processing of produces, 
sSs are involved in farming wi h

ariiy working -... - , ,, . . .e decline in the number of full tj^e - '-U r A 1 ! . T A  r* 1̂0 r c is halted by 1995,
e*fte

!ti1QVtAy working 'on the land'. In this 
6cline in the number of ful.‘ 

ì§ff Ura  ̂ workers is halted by _
*er the numbers increase slightly.

$b0$0 y11*- the same area as today is ploughed 
s ff ftars time, as subsidies for producing 
b*Co m marginal land are changed, so that 

,®s no more lucrative. Emphasis is 
for better use of the most marginal 

livestock production.
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the situation in many other countries,
it* l0nal estr Parks are never vested with highly
ren)ainCt*Ve conservat*onal measures, and they

to smaller areas such as nature 
*®ryes and S.S.S.I.s, which become more

¡u . conservation areas more in name than 
te<5?r?ctice- Instead, rigid conservation is 
W lcted
v rve!5rea^y conserved than at present. Other become subject to new classifications 

-as 'Environmentally Sensitive Areas', 
î.j. petered by M.A.F.F. and D.A.F.S. under 

agricultural structures regulations. 
Du eVer the effect of conservation on farming 
tiggjf national scale is little more than 
^j^iblc except through the voluntary 

^  of some farmers. Forestry becomes[ion «enJf a® more compatible with the aspirations 
fw lr°nmentalists, and some growth is seen 
the uplands.

0*1
¡Cds

Price rises force a considerable move 
energy conservation on the farm.

cfj|ls brought about both through improved 
S i S ery d?sig n, in common with sectors farming, including the use of more 
Si sctiy sized machines for the job at hand, 
h thV*ngs tbrough better management, such 
»s$e« Use muifipi® implements on single %  over a field, which altogether save 
iisenMy time, but some 2 5 % of the energy *y used. There is. also - a greater 
i Vh^fs intensive building energy costs, 'jjv̂ **st many farmers concentrate on energy 

?nd the use renewables, othersn Infoneitta animal roarinn techniguesrearing

remains considerable divergence in farm 
no increase in size of the

intensive animalEsther.
6

With
units, but some amalgamation of 
and medium sized units and a larger 

ItS ? £ very small units. Larger farms

■6 *•» as
°h~ .^° become more internally diverse.

gr°aiiy the larger units do grow 
i5 as other food processing functions

°Pted by farmers and the boundary 
terming and the rest of the food 

y becomes increasingly blurred.
(«jj
^ten ?nough account has been taken of the 

^iel of factory food production. The 
Q0ntj?°*°9 y of bioengineering and 
so th0l^®d environment is taking us there, at it will become economic to produce

material in '.91:ow!;*Vr ». °d manufacturing industry. J
units' for the
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There follows a general description of some of the results of the 
tabulated part of round two, which asked for your response to 
various proposals for future savings and production of energy in 
rural areas. In this section the majority view is recorded, if 
you disagree with any points could you please give brief reasons.

Dn energy production in rural areas, though 
a9reement is by no means unanimous, there is 
generally higher confidence in small scale 
Projects (particularly integrated wind 
Projects and heat pumps and exchangers) and 
to a lesser extent biomass. There is little 
c°nfidence in the future of methane 
Production from waste, or photovoltaics.
The typeshav: of biofuels which are seen as 

ing the most potential are new forestry 
Plantations, straw burning, peat cutting and 
^°rest thinnings.

domestic energy use insulation standards, 
Passive solar design (in new housing rather 
^an retro fit ), and micro-electronic control 
êvices are seen as having the greatest 

Potential, whilst the building of smaller 
*‘°nies, direct energy saving without any 
technological change, and particularly the 
v°luntary rejection of consumer goods are 
Se®n as non-starters.

Ructions in intensivity are seen as the 
energy savers in agriculture, both by 

K Vln9 away from intensive animal rearing and 
6 reduction of field chemical inputs. The

Kplsoement *abo of some machinery by human 
h Jur, on the other hand, is rejected by early everyone,
tr tUral transport, avoiding the need to Yel is seen as a better solution than 
r6 ln9 travel more efficient. Most 
by P°n<3ents giving the replacement of travel 
t̂ enon~Physical forms of communication, and 

use of mobile services, higher priority 
more efficient mass transit or car 

aar*ng.
oSg V®neral, energy saving in the home and in 

^culture, are seen as having greater
nt^ai than energy production in rural 

theaSf with savings in domestic energy use at 
toP of the list and renewables given far 

Sp ® confidence, even by those whose 
*alist field is in renewables. Energy in 

s< W Sport is seen as the least important '•tor.
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KT
l

Re f

FUEL OII5
COMPANY name
altd ADDRESS -----
(Please alter.... . - .....
if incorrect)

RURAL ..NERGY PROJECT-PILOT ¿UZSTIONNAIRS, DOMESTIC AND AGRICULTURAL A81

1. Does your company sup;ly domestic heating and/or 
fuel oils for vise in rural areas

:i cultural

;:o

Could your company make available any information on 
of oil handled.

amounts Y..-3

NO

3. If YES, would such information be in the form of-
Accounts of amounts delivered to individual customers

Aggregated deliveries by area/delivery route 
Other (please specify)...................

4. Would a full year's information be available.

Approximately what area do year deliveries mainly cover. 
(Please state main area/viliages ;
¡.and mar.: or. accompanying map;

:*c

lie you consider that you are the only naicr supplier in this 
area.

If NO, please list briefly other suppliers
. . u

Do you also deal with the delivery of fuel to filling stations YES

NO

If YES, would any information be available on amounts of 
petrol and diesel delivered to these filling stations

9. Which o il company do your supplies come from.

y e :

NO

10 I f  you are prepared to let me have any information, plea.se state when 
and where I might nave access to it .



v n
Rin.w A82

CC.'.PAIJY NAME
AND ADDRESS * " '  .................  * ' * ......................  - *•

2 f l  t/G I* • • • • # • # • • • • * ' * • * • *  ^  • * • • • • « • • • • • « •  « v  • • , • • « • • • * # • «
if incorrect)
1. Could your company make available any information on fuel 

deliveries and/or sales

_______ Bl^RGY PROJECT- PILOT NUEJTIGrNAIRE, COAL MERCHANTS

2« If YES, would such information be in the form of- 
Accounts of deliveries to individual customers 
Aggregated deliveries by area/delivery route

Other (Please specify)

YES

NO

-• <rould a full year's information be available

-• ihnt area, do you mainly cover in your deliveries
,-"lease snecii-” / . - \ r ̂02, / **2. 1 _ 3. '% wCZ j

nc mar.: or. nccon~r.nymr, map;

• Are you the only major supplier of coal to that area

If NO, please list other suppliers

VV-:

NO

I ~-
NO

6* Approximately what proportion of your sales are made up of direct sales 
••’ithout delivery

'• Do you supply fuels other than coal— 

Pent Domestic heating oil Bottled gas

Pircuood [_ Other (Please specify)

S* '-ould information be available on the delivery -and sales 
°f these fuels

NO

* If you can m kc ar.-* information available, please state when and9 c any



C
O

3U3AL ¿nZ~:C-Y rnOJDCT-PILOT UDSYIONir AIIÎD, PSAT SUPPLIERS
CC:iPANY HAMS 
K-'D ADDRE33 
(Please alter 
iP incorrect)

.A83

i. Does your company supply any peajr for fuel YDS

NO

2. If YDS, is this carried out by- Direct sale from your
premises only
Direct sale and deliver:

v

-• Could your company make available any information on the 
amounts of peat sold

'! ::c

._J j w -»C.. 1..* b. — n -5 ... «••5 « - - ... - - *
C a >•««>,««• «%— —  ̂  ̂  ̂i r* • • • •-* r\ — •- — r_ -

W  w  - -, ,» W • -  ^  W  4  C> M  U > a  M w  M  W  ^ 4  »•  , *  — •  »

-cocunts of deliveries to individual customer:
- V t n   ̂- 1 c  i  — a 3>-f 2 "  '

•‘"ouid a full ,'rear,s information be available

'• If you do make deliveries, That area, do you vainly cove: 
(Plei.se specify area/viliages ) 
v ar.d marl: or. ac conn any inm map)

::c

’ ’ -re you the only major supplier of peat to that area

If :;o, oleace list other suppliers 7 *. * <

::c

If you can make any information available, 
‘•’here I mi^ht have access ô it

cleare state n;hen and
y  *

t • * v  •
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Ref

COMPAKY HAMS .. ....... ....  - .. ..........
ADDRESS

(Please alter’**'’" 
incorrect)

RURAL aiSRGY FROJUCT-PILOT 3U3STI(EIHAIRà. FU3LW00D SUPPLIERS A84

I* Does your company supply any wood for fuel

NO

2* If YUS, is this carried out by- Direct sale from your
premises only
Direct sale and delivery

Gould your company make available any information on the 
amounts of firewood sold

Other (Please specify)

YUS

NO

5. •îould a full vear's information be available YUS

NO

If you do make deliveries, what area do you mainly cover
(Please specify area/villages)...... ...... ...........
(and mark on acconpnr.yinr map)

■>i. --- you the only mr.po: unrlier of fuelwood to that are;

NO, please list other suppliers
::c

Lf V0.V/h can make any information available, please state when and
cre I miyht have access to n



Ref
RURAL ENERGY FR0J3CT-PIL0T QUESTIONNAIRE. BOTTLED G A3 SUPPLY A85

COüPAîIY NAME .. 
AIL AD.5BS33 
( Please alter 
if incorrect)

i* Does your company supply bottled gas for domestic, industrial 
or agricultural use in the rural areas.

If YE3, is this carried out by- Direct sale from your
premises only.
Direct sale and some 
delivery.

Could your company make available any information on the 
founts of gas sold.

t. - - YES, would such information be in the form of- 
Accour.ts of total amounts sold on the premises 
Accounts of deliveries to individual customers 
Other (Please specify)

YES
NO

YES
HO

'• Would a full year's information be available YES

NO

6’ ^  you do make deliveries, what area do you mainly cover. 
(Please specify area/villa-ges)  ̂  ̂  ̂# # #....... ••••••••••••••«
(and mark on accompanying map)

7. ,-re you the only major supplier of eras within this area.

If AO, please list other suppliers

1 °^  4. * • .ou can make any
* *  -..-here l’nitht have access to it

i n f o r m a t i o n  available, please state when
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APPENDIX 5. MAP OF COAL SUPPLY TO GRAMPIAN 
REGION. (Key shows tonnages from individual 
suppliers who were able to give figures. 
Suppliers are not named to protect 
confidentiality).

2000t/annum

1845t/annum 
6000t/annum 
1500t/annum

18900t/annum,
(Whole region apart 
from Aberdeen City)



APPENDIX 6, LIST OF FUEL SUPPLIERS CONTACTED IN REGIONAL 
SUPPLY SURVEY.
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1. COAL- A88

NAME ADiJffiAid HARB BATA 
AVAILABLE

National Goal Board 
Marketing department

349 Union Street 
Aberdeen

yes

George Buican Coalyard
Beebank
Banchory

yes

Smith, Hood and Co. 5 Market Buildings 
Stonehaven

yes

D. and W. Taylor 17 Market Square 
Stonehaven

yes

Connon Brothers Newark Pipeworks
Tipperty
Ellon

yes

G. and C. McConnachie 19 Torry Road 
Huntly

no

J. McIntosh 15 Main Street 
Rhynie

no

Duguid and Masson 32 Skene Street 
Macduff

no

W. Ironside and Sons Findon Smithie 
Gamrie 
Gardens t own

yes

J.V. Milne Mill of MiIlfieid
Monquhitter
Cuminestown

yes

T. and K. Neilson 10 loch Street 
Rosehearty

no

J. oheran and Co. Station Yard 
Maud

yes

Jill is and McHardy Leith House 
3 Bedford Road 
Aberdeen

yes

Aberdeen Coal and 
Shipping Co. Ltd.

Albert Quay 
Aberdeen

yes

Adam Bros. Coal Albert Quay 
Aberdeen

no
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W.H. Cook Mugiemoss Road 
Bucks bum

yes

Alex Noble and Sons Girdlencss Road 
Aberdeen

no

2. WOOD-

Forestry Commission 
East (Scotland) 
Conservancy

6 Queens Gate 
Aberdeen

yes

George Burr North Cookney 
Newtonhill

yes

J. Cordiner and Son Silverbank Sawmills 
Banohory

no

William Gray and Co. Carve Cottage 
Binnet

no

Jones, Jones and Sons Bumroot Sawmill 
Aboyne

no

J. MeIvin 8 Woodlanda 
Burris

yes

H. Even Marionburgh 
Sauchen

no

J.B. Middleton Lodge of Auchindoir 
Lumsden

yes

G.M. and B.A. Moir Sonach Croft 
Tarves

no

Moirs Timber Products Cloisterseat Croft 
Udny

no

Colin C. Scott Monteach Mills 
Kethlick

no

C. Smith Orabrae
Huntly

no

Waterside Sawmill Bridge of Alford no

Buchan Timber Co. Colave 11s 
Longhaven 
Peterhead

no

William Gray and Co. Victoria Sawmills 
Albert Street 
Frazerburgh

no
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K.A. i/alker 9 Gellymill Jtreet 
Macduff

no

Brownlees Bridge of Bon 
Aberdeen

no

G, Carle and Son Heatherdale
Mosside
Parkhill
Byce

no

J. Fleming and Co. 2 Baltic Place 
Aberdeen

no

E.J. Poote Persley Castle Sawmill
Woodside
Aberdeen

no

H. Petrie Glas;:ieburn Cottage
Scotstown
Aberdeen

no

D. Rattray Parkhill Station 
Dyce

no

John Woyka and Co. Balgownie Road 
Bridge of Don 
Aberdeen

no

Redwing Firewood Eastland Lodge 
Maryculter

yes

G. Melvin Drumoak no

3. DOTi'LifiD GAS-

Calor Gas Ltd. Priarton no
Scottish Region Perth

Dee Valley Caravans Drumoak yes

Stonehaven Motors 110 ?>arcla3r Street 
Stonehaven

yes

J. Cruickshank and Son 30 The Square 
Huntly

yes

Methlick Motors Ltd. Lethlick 
El Ion

yes

T. Murison 59 Cross Street 
Prazerburgh

no
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’.J.T.3. Thomson 

.¿Ilia and HcHardy

Gas and Equipment Ltd. 

•lillowbank Gas Supplies 

Aberdeen Calor Centre

C. Frazer, Higg 
Caravans

A.C. Crui ckshank 

J.R. Duguid Equipment 

County uarage 

Pitmedden Garden Centre

4. PSAT-

Dr. RaA. Robertson

The Northern Peat and 
Moss Co. Ltd.

Herbst Peat and Energy 
Partnership (Scotland)

9 Skene .Street 
Macdufl

Leith House 
Bedford R .ad 
Aberdeen

Greenbank Road 
Aberdeen

56 Park Road 
Aberdeen

V/ellheads Industrial Estate 
Dyce
Aberdeen

Alteni Road 
Aberdeen

Red riouse service Station 
Ellon

83 Station Road 
Ellon

99 station Road 
Ellon

Oldmeldrum Road 
Pitmedden

Department of Peat and 
Forest Soils 
Macaulay Institute for 
Soil Research 
Craigicbuckler 
Aberdeen
Caimgall 
Longsiae 
Peterhead

Blackhills
Rora
Longside
Peterhead

no

no

no

no

no

no

no

no

no

no

no

no

no
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5. OIL—
A92

United. Kingdom 
Petroleum Industry 
Association Ltd. 
Economics and 
Statistics Group

Room 0320 
BP House 
Victoria Street 
LOndon SW1E

yes

The Institute of 
Petroleum

61 New Cavendish Street 
London HIM 8AR

yes

Mr. Alex Scott, 
Department of Energy 
Economics and 
Statistics Division

Thames House South
Millbank
London SHIP 4CM

yes

Mr Keith Clifton 
Southwark Computer 
Services Ltd.

1 Famham Place 
London ̂ El ONA

yes

Conoco (UK) Ltd. Rubi3law House 
Anderson Drive 
Aberdeen

no

Chevron Petroleum UK 
Ltd

Ninian House 
Crawpeel Road 
Alt ens 
Aberdeen

no

Shell UK Ltd. 123/157 Bothwell Street 
Glasgow

no

BP Oil Ltd. 33 Bothwell Street 
Glasgow

no

Texaco Ltd. Product Distribution 
Department
South Esplanade East 
Aberdeen

no

ICI Area Sales Oflice 4 31ythwood Square 
Glasgow

no

Es o Fetrolcum Co. Abbey Road 
Aberdeen

no

North Eastern Fuels iiead Office
Bannemill
Aberdeen

yes

James Milne and Sons 17 Seagate 
Inverurie

no

Gordon and Innés Ltd. 46 Gordon Street 
Huntly

no
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A93Caley Oils (Peterhead) 12 Harbour Street 
Frazerburgh

no

Northern Engineering 
and Oil Co.

4 Balaclava 
Frazerburgh

no

John A. Snith and Sons 11 Seagate 
Peterhead

no

Mitchells Oils The Harbour 
Crook O'Ness Street 
¡■lac duff

no

Maclcie Oild Ltd Mintlaw Station 
Hintlaw

no

¿11 is and Mcliardy 3 Bedford Road 
Aberdeen

yes

Woodacon Oild (Aberdeen 
Ltd)

167 Sinclair Road
Torry
Aberdeen

no

Regency Oils Marine Place 
Buckie

no

Gleaner Oils Elgin no

Highland Fuels Inverness no

6. NATURAL GAS-

Scottish Gas Regional Headquarters Office no
Grant on House 
4 Marine Jrive 
Edinburgh

J. BLBCTRICITY-

Worth of Scotland 
Hydro-Electric Board 
Area Connercial 
Manager

Aberdeen Area Office 
iiillburn Street 
Aberdeen

yes
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THE ROYA!, INSTITUTION UK CRARTFRFD .SUKVEYÖRS
i ll '.<i

ROBS I vT CîOj tiX)N ' S INST i TUTS OF JTJCi INOÍ* ;G Y

1 (L.l Svi., (v.i ; l. k V¡.i

! lOusiit » iti S; u'*v:>y

grid reference DWELLING REFERENCE
. ,------ 1

FARM REFERENCE
_ _ _ _ _ _ _ _ _ J

ADDRESS

/
NAME of head 
OF HOUSDIOLD

2. Please list each person giving their age, sex, relationship to the head of the 
household, occupation, and how far they each have to travel to work, school or 
college (one way), each day-

i PERSON No
0-4
1

AC
5-11

— 2—

;e group 
12-16
3

INC
17-24

— T ~

25-64 
--S-

65+
6

m'
1

>EX
F

~ r

RELATIONSHIP 
HEAD OF HOUS

TO
EHOLE
TTrrr.

I OCCUPATION TRAVEL TO WORK 
(MILES)

01 Head of 
household i

Code

02
03
04

OS
06

_ 07
06
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3. How long have you lived here? 
3.1. In the Region?

PAGE 2

A96

Moved to North East in last 5 years
Moved to North East at some time
Bom in North East, moved back after at least 
2 years absence (excluding as a student)
Always lived in the North East

3.2. In the Locality? (within 10 miles)
Moved here in the last 5 years 
Moved here at some time
Bom here, moved back after at least 2 years 
absence (excluding as a student)
Always lived here

1
2
3

4

1
2

3

4

4. How long ago did you move to this house? 0-1 years 1-2 years 2-5 years over 5 years □
5. Is your house- Detached?

Semi-detached or end terrace? 
Terraced?
A flat?

6. How many floors does the hcxise have?

□
□

7. Are You- The owner occupier?
Renting from the Council? 
Renting from a private landlord?

□
8. Which of the following facilities does your house have? Mains electricity

Mains water 
Mains drainage 
Bathroom 
W.C.
Telephone

(0 or 1)

□

9. Apart from Kitchen, Bathroom and Storage rooms, how many rooms does your house have? □
593
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10. Sane details about the basic construction of your house- 
10.1. Wall construction- 1. Inner skin- Stone

Brick or Blockwork 
Wood frame

A97

2. Outer skin- Stone
Brick or Blockwork 
Wood Frame

□
□

3. Wall thickness in millimetres-

10.2. Roof constnoction- Flat
Pitched

Slate

Tile

Asbestos

Felt

Corrug. Iron

□
□

10.3. Floor Construction- Suspended timber
Concrete

Both
□

11. Please give details of any insulation you have in ycur-

Roof YES

NO

Thickness in Millimetres

TYPE

Walls YES |
NO

Thickness in Millimetres

TYPE

12. Are there any features of your house which you would like to improve? YES |_____ | 1
NO

If YES, Please give some details-

□
■4. I I ,

□
un

□
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RAGE 4

13. Have you ever received grant aiding for any improvements to your house?

1 
0

If YES, Please give some details

A

To what uses is this land put?

X

A98 □

15. Please give details of any outhouses you have on your land, their location, use 
and approximate size-_____ _______  _____________ ________

1 2 3 4 5 6
Location Grid Ref

Use Use Code

Dimensions “ “ M2 1 . . 1

16. Could you tell me about how much of these different types of fuel you have used in 
the past year for these different purposes, and about what price you have to pay for 
them at the moment?

FUEL TYPE UNIT PRICE/
UNIT

HEAT COOK POWER + 
LIGHT

TOTAL OCCASIONAI 
USE ONLY

TOTAL FREE 
RESOURCE

01 Mains Electricity
02 Generator Electricity
03 Mains Gas
04 Bottled Geis
05 Coal
06 Smokeless Fuel
0? Peat (Bought)
oa Peat (Home Cut)
09 Wood (Bought)
10 Wood (Home Cut)
11 Heating Oils
12 Parafin
13 Other

---------- -
loor^ 0 or 1 0 or 1 1 1 0 or 1

^  • Do you bum any of your household waste as fuel? None

Under 10% 
11 to 50% 
50 to 100%

0
1
2

3
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18. How many open fires do you have in your house?
A99 n

and how many would you say you used for a large part of the year? n
19. Do you have a solid fuel bumning stove for cooking purposes? YES

NO |
1 11 1 I1______1! °  1□

If YES, Do you use it- Always 
Occasionally 
Winter Only 
Never

□
20. What kind of central heating, if any, does your household have?

None
Oil fired 
Solid fuel 
Gas

Electric storage
□

21. If you have ever considered changing the type of heating you use in your 
house, please state what you considered changing to-

\

22.If you knew, could you please tell me about how old the main part of your 
house is?

0-5 years 
5-20 years 
20-40 years 

40-70 years 
over 70 years 
Dont Know

23. How many, if any, of the following does your household have at the moment?
Private cars
Cars or vans also used for business
Motorcycles

24. Do you think that there is any more scope for you to save money on fuel 
by using fuels which you could provide yourself without having to pay 
for them? _ |---- 1

NO I I 0

□□□

Please explain the opportunities and constraints-..................:::::::::: cn
25 • Do you consider there to be any problems in the supply of fuels to your area?

YES 1 | 1
NO 1 1 0

if YES, Please explain what these are-
............... 1398
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26 . H ave  y o u  e v e r  c o n s id e re d  u s in g  a n y  a l t e r n a t i v e  ty p e s  o f  e n e rg y  su ch  a s-  A 1 0 0

I f  Y E S ,  P le a s e  g iv e  more d e ta i ls -

27 . C o u ld  y o u  p le a s e  s t a t e  w h e th e r  yo u  t h in k  t h a t  th e  f o l lo w in g  su g g e s te d  t re n d s
f o r  th e  n e x t  10 y e a r s  a r e  H K e i y  o r

L i k e l y U n l i k e l y D ont Know

7T R is in g  o i l  p r ic e s 1 2 0

■ F a l l i n g  o i l  p r ic e s 1 2 0

03 R e tu rn  t o  u s in g  more c o a l 1 2 0

0-1 M a in s  g a s  t o  m ost v i l l a g e s 1 2 0

05 M ore u s e  o f  e l e c t r i c i t y 1 2 0

- M ore u s e  o f  wood f o r  b u rn in g 1 2 0

07 M ore u s e  o f  p e a t 1 2 0 V

-! G r e a t e r  u s e  o f  w in d  pow er 1 2 0

'>> G r e a t e r  u s e  o f  s o l a r  pow er 1 2 0

10 g r e a t e r  u s e  o f  s m a ll  ’h y d ro ' p la n t s 1 2 0

11 G r e a t e r  u s e  o f  m ethane 1 2 0

12 G e n e r a l l y  r i s i n g  c o s t  o t l i v i n g 1 2 0

13 F a l l i n g  c o 3 t  o f  l i v i n g 1 2 0

M S t a b le  c o s t  o f  l i v i n g 1 2 0

nr S p re a d  o f  co m p u te rs  t o  m ost homes 1 2 0

u7 A c h a rg e  o f  Governm ent a t  tn e  n e x t 
_ e l e c t io n  _______ __

1 2 0

-

28. G e n e r a l l y ,  how much do yo u  f e e l  t h a t  y o u r  a r e a  r e l i e s  on  su p p o r t  fro m , and  t r a d e  w i t h  

o t h e r  a r e a s ?
V e r y  Much 

A L i t t l e  

N ot a t  a l l  

D ont Know

□
29 In terms of fuel supply, if all trading between your locality and elsewhere were to stop, do 

you think that the village could adjust to providing from local resources-I---- 1
E a s i l y

W ith  a  fe w  d i f f i c u l t i e s  

W ith  c o n s id e r a b le  h a rd s h ip  

N ot a t  a l l  

D on t Know

1
2

3

4

□
• The North o f  Scotland Hydro-electric B o a rd  h a v e  agreed t o  let me see t h e i r  r e c o rd s  
eIectricity consum'd b y  th e  people I am interviewing, provided t h a t  t h e y  a l l  agree.
g r a t e f u l  i f  y o u  c o u ld  s ig n  th e  a t t a c h e d  fo rm  a l lo w in g  me t o  do  t h i s .  "

■ ------- “ i l l  a n o e a r  i n  mv r e p o r t  o t

f o r  t h e  amount o f  
So  I  w o u ld  be 

Y o u r  r e c o rd s  w i l l  be t r e a t e d  in
^  ,  an o u n ts  w i l l  ap p e a r  i n  n y  r e p o r t  o t h e r  th a n  th o s e  w h ic h  h a ve  been
' ara - . c__holn

you
strictest confidence, ■ — added up for the whole area. Thank you for your help
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ai id

ROBERT CORDON'S INSTITUTE OF TECHNOLOGY

A101

RURAL ENERGY USE SURVEY

Agricultural Holdings Survey

g r i d  r e f e r e n c e
» »

FARM REFERENCE

DWELLING REFERENCE

a d d r e s s

\

n a m e  o f  
f a r m e r

1 • I s  y o u r  farm - Owner o c c u p ie d ?

R en ted  from  an  e s t a t e ?  

R e n te d  from  a  company? 

Managed f o r  th e  ow ner?

1
2

3

4

2- I f  n o t  ow ner o c c u p ie d , w hat i s  th e  o w n e r 's-

NAME

and ADDRESS.

-*i I I

How many a c r e s  do  yo u  fa rm  h e r e ? ■4 » I

And c o u ld  y o u  p le a s e  m ark y o u r  b o u n d a r ie s  on th e  accom pany ing  map.

s a t i s f a c t o r y  rough n o t  co m p le te d □1 2
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4 . Do y o u  h a ve  a n y  o th e r  h o ld in g s ? YES

NO

1
0

I f  y e s ,  p le a s e  g iv e  some d e t a i l s -

1 2 3 4

ACREAGE A c re s

LOCATION G r id

...................................
OWNERSHIP R e f

T o ta l  a c re a g e  o f  a l l  h o ld in g s - ■
6 - How many p e o p le  (o t h e r  th an  y o u r s e l f ) , do yo u  em ploy on y o u r  fa rm ?

F u l l  t im e

P a r t  t im e

H o urs/w eek  p a r t  t im e

?■ C o u ld  yo u  p le a s e  g iv e  me some d e t a i l s  ab o u t th e  am ounts o f  la n d  y o u  u s e  f o r
u x i ie r e n r  p u rp o ses  on cne  ia rm , an a  xana un-'i-uvanenus».'

ACRES Y IE L D  RAI■JGE
code

ACRES IMPROVED 
LAST  10 YEARS

V IR ES  IMPROVABLE 
YITH NO CONSTRAINTS

1 R o t a t io n a l  a r a b le  la n d

2 In b y e  fe n c e d  g r a s s la n d  n o t  p lo ug h ed  in  th e  r o t a t i o n

3 H i l l  la n d / ro u g h  g r a z in g  fo rm in g  p a r t  o f  th e  fa rm

4 H i l l  lan d / ro u g h  g r a z in g  fo rm in g  p a r t  o f  a  commonty 
o r  common g ra z in g

5 P r o d u c t iv e  f o r e s t r y

6 W ood lands n o t managed f o r  t im b e r

7 Roads and  b u i ld in g s

8 O th e r

How many of the followins ^  you normally run on the farm?
1 Ewes

2 B e e f  c a t t l e

3 D a i r y  cows

4 P o u l t r y

5 P ig s

If POSITIVE an sw e rs  t o  3 , 4 , o r  5 , p le a s e  in d ic a t e  th e  sy s te m s  fo l lo w e d  f o r -  

D a i r y  cows ...................................................................................................................... ............... 555
P o u l t r y
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9 . Do y o u  ru n  a n y  o th e r  e n t e r p r is e s  o f  an y  k in d  (w h e th e r  a g r i c u l t u r a l ,  
s p o r t in g ,  t o u r i s t  o r  o t h e r ) ?  _____

I f  Y E S ,  p le a s e  g iv e  some d e t a i l s -  .........................................................................................

10. W here do yo u  m a rk e t, and  how many h a ve  you  s e n t  t o  m ark e t i n  th e
p a s t  y e a r ,  o f  th e  fo l lo w in g r?

MARKET code NUMBER code

CATTLE S t o r e s 01

C a s t  cows 02

F a t  s to c k 03

SH EEP S t o r e  lam bs
04

F a t  lam bs
05

C a s t  ewes
Ó6

POULTRY
07

P IG S
06

GRAIN O a ts
09

-- T7\-----------
B a r l e y

10

VEGETABLES
( S p e c i f y )

1

1

OTHER
( S p e c i f y )

c
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12. C o u ld  y o u  p le a s e  g i v e  me san e  d e t a i l s  o f  th e  fa rm  b u i ld in g s  t h a t  y o u  h a v e ? A 1 0 4

Z H l
cod e | '0 2 cod e 1 03 code I 04 code code

USE cod e

D IM ENSIONS X X X X X 2m

CONSTRUCTION
W a l ls

cod e

R o o f
code

INSULATIO N
W a l ls

0  o r  1

R o o f 0 o r  1

AGE y e a r s

HEATING
A PPLIA N C E

code

T YPE  OF HEATING 
FUEL

code

" am o u n t  USED/ 
ANNUM

u n i t  code/am ount

L IG H T IN G
HOURS/DAY

h o u rs

LOCATION
— r ~ 1 1 g r i d  r e f .

13. Could you please list the different types of plant that you have on the farm and give me 
some details about it?

MAKE code
MODEL code

HORSEPOWER f e a t u r e ; -ode AGE FU EL  USE
u n i t  code

TRACTORS 01 
02
03
04
95

COMBINES 01 

02

BA LERS  01 

02

TOAD V E H IC L E S  01 
(Trucks, v a n s  etc 
except listed 02 
f a m i ly  cars) 03 

04
95

g e n e r a t o r s  01 

02 
03

PUMPS 01 

02

m il k i n g  m a c h in e s

DRYING PLANT 01 

02

OTHER FU E L  U S y JG

02
03
04

p l o u g h s  01 
02

7^?-------------- —
bEED D R IL L S  01

02

D IGGERS 01 

02

s p r a y s  a n d  o t h e r  
s p r e a d e r s  01 

02
-----  03
D R IER  n o n -f u e l  . 
u s in g  ™  

02 
03

___  g
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14. Do y o u  h a v e  m a ins  e l e c t r i c i t y  on th e  fa rm ?

I f  Y E S ,  f o r  a b o u t how many y e a r s  h a ve  y o u  b een  co n n e c te d ?

(Code 'O ' f o r  d o n t know, 1 f o r  p o s i t i v e  an sw e r)

□
A105

15. A bout how many g a l lo n s  o f  th e  f o l lo w in g  f u e l s  w o u ld  yo u  s a y  you

1 KNOW •'DONT KNOW 'ROUGH. GALLONS
2 0 1

AGRICULTURAL D IE S E L 01

TAXED D IE S E L 02

PARAFTN 03

KEROSINE 04

16. A bout how much s t r a w  do yo u  p rod uce  in  a  y e a r  ( b a l e s ) ? t o t a l 1---------------1
And w hat s iz e  o f  b a le s  do you  u s e ?  ................... code 1 .  1
About how much o f  t h i s  s t r a w  i s  u sed  f o r  th e  f o l lo w in g ? 1---1

BEDDING b a le s t o t a l

SOLD b a le s t o t a l 1̂ .1
BURNT AS FU EL  b a le s t o t a l _J___1

17. I f  y o u  do b u m  a n y  s t r a w  f o r  f u e l ,  p le a s e  s t a t e  th e  a p p l ia n c e  used- cm
18. Do y o u  b u m  o f f  a r y  s t r a w  in  th e  f i e l d ?  Y ES 1 □NO 0

I f  Y E S , ab o u t how many a c r e s  in  a  y e a r ? 1 . .  1
How do vo u  t h in k  t h a t  y o u  m ig h t ch an g e  p r a c t i c e  in  t h i s  r e s p e c t  i n  th e  n e x t few  y e a r s ?

INCREASE BURNING 1 Q
DECREASE BURNING 2

REMAIN STAT IC 3

1 □19. Do yo u  u se  an y  a n im a l w a s te s  i o i  ■_

NO 0

I f  Y E S ,  p le a s e  s p e c i f y -  ^  ^  ^ code CD
am o unt  o f  w a s t e

to n n es r ~ l
TYPE OF FU EL  ..................... cod e 1 . 1
a p p l ia n c e  ................... ........................................... code

USE ......................................................... ........................................... code LLI
AGE ........................................................... y r s m
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20. I f  NO to  19, h a ve  yo u  e v e r  c o n s id e re d  u s in g  a n im a l w a s te s  f o r  f u e l  v i a  
su ch  a p p l ia n c e s  a s  m ethane p ro d u c in g  d ig e s t e r s ? A106

□
21 . H ave  y o u  e v e r  c o n s id e re d  g ro w in g  an y  c ro p s  f o r  f u e l  on an y  o f  y o u r  la n d  su ch  a s

MANAGING EX IS T IN G  WOODLAND y e s  r 1 NO m ° n
PLANTING ROUGH GRAZING LAND YES 1 NO 1 —j °  1n
OTHER LAND YES 1 NO =L° ___1n

I f  Y E S  t o  a n y  o f  th e  a b o ve , p le a s e  s t a t e -

CROP CONSIDERED cod e 1----- 1
ACREAGE CONSIDERED

USE CONSIDERED cod e
----- '

TECHNIQUE CONSIDERED cod e
-------------

W hat do  y o u  c o n s id e r  t o  be th e  a d va n ta g e s  and  d is a d v a n ta g e s  o f  th e se ty p e s  o f  f u e l s ?

2 2 . Do y o u  u s e , o r  h a ve  y o u  e v e r  c o n s id e re d  u s in g ,  w in d , s o la r  o r  hom e-produced 
h y d ro  pow er on th e  fa rm ?  P le a s e  s t a t e  w h a t yo u  c o n s id e r  t o  be t h e i r  a d va n ta g e s  
and  d is a d v a n ta g e s ,  and  in  w hat form y o u  h a v e  c o n s id e re d  u s in g  them .

WIND YES 1 NO

............................................................................................................ ...............................................................................................  r r

SOLAR YES 1 NO 0
□

r — 1

HYDRO YES 1 NO 0
□

23 . P le a s e  s t a t e  w h e th e r  yo u  th in k  t h a t  ea ch  o f  th e  f o l lo w in g  w i l l  g ro w , d e c re a s e  o r  re m a in  s t a t i c  
i n  in p o r ta n c e  on fa rm s in  t h i s  a r e a  w i t h in  th e  n e x t 10 y e a r s -  ________________ ___ ________________

GRÇWTH STAT IC DECREASE DONTgKNOW
01 WIND GENERATED ELEC TR IC

1— I
02 WIND PUMPING

03 SOLAR ELEC T R IC

04 SOLAR HEATING

"t)5 SMALL HYDRO PLANTS

06 GROWING CROPS FOR FUEL

0 ? SH ELTER  BELT S  MANAGED FOH FUEL
I

08 ANIMAL WASTES USED FOR FUEL
1-

09 STU BBLE  BURNING
n

10 USE MORE CHEMICAL F E R T IL IZ E R S
1—

11 GENERALLY MORE IN T EN S IV E  FAiOUNO
□12 IMPROVEMENT OF H IL L  land

____________________________ : f a

24• Please state any other problems which you think exist with regard to energy supply to farming in this area-
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THE ROYAL INSTITUTION OF CHARTERED SURVEYORS
and

ROBERT CORDON'S INSTITUTE OF TECHNOLOGY 

RURAL ENERGY USE SURVEY 
Household Survey

*REA 2  _  CUMINESTOWN
U N E  1 J ____________ - _______________1

CASE NUMBER 1 - 1

^ dress

name or h e a d  
UF h o u s e h o l d

How many p eo p le  n o rm a lly  l i v e  in  t h i s  house f l a t ?

ple a s e  l i s t  e a ch  p erso n  g iv in g  t h e i r  ag e , s e x , r e l a t io n s h ip  to  th e  head o f  h o u se h o ld , o c c u p a t io n ,  e d u c a t io n  l e v e l ,  
■"ode o f  t r a v e l  and how f a r  th e y  each  have to  t r a v e l  to  w o rk , s c h o o l o r  c o l l e g e ,  ( one way ) e ach  d a y .

> — _ _  AGE GROUPING SEX RELA T IO N SH IP TO 
HOUSEHOLD HEAD

OCCUPATION TRAVEL EDUCATION
LEV EL

COMPLETED
BY5-11 12-16 17-24 25-44 45-64 65» M F M ILES MODE

_ 2 3 4 5 6 7 1 2 2 ode code code code
Head o f  
hou seho ld i

/

1
605



3 . How lo n g  have  you  l i v e d  h e re ?  

3 .1 .  In  th e  R e g io n ?

A109
page 2

Moved to  N o rth  E a s t  i n  l a s t  5 y e a r s  

Moved to  N o rth  E a s t  a t  some tim e

Bo rn  in  N o rth  E a s t ,  moved b ack  a f t e r  a t  
l e a s t  2 y e a r s  ab se n ce , (e x c lu d in g  as s tu d en t* !

A lw ays  l i v e d  in  th e  N o rth  E a s t .

M is s in g  answ er

1
2

3

4 

9

3 .2 .  In  th e  l o c a l i t y ?  (W it h in  10 m i le s )  

Moved h e re  in  th e  l a s t  5 y e a r s

Moved h e re  a t  some tim e

Bo rn  h e re ,  moved b ack  a f t e r  a t  l e a s t  2 
y e a r s  ab se n ce , (e x c lu d in g  as a s tu d e n t )

A lw ays  l i v e d  h e re  

M is s in g  answ er

How lo n g  ago d id  you  move to  t h i s  ho u se ? 0-2 y e a r s

1

2-5 y e a r s  5-10 y e a r s  o v e r  10 y r  m is s in g  V

2 3 4 9

5. I s  y o u r  house- D etached

Sem i-d e tached  o r  end t e r r a c e  

T e r ra c e d  

A f l a t

1
2

3

4

How many f lo o r s  does y o u r  house h a v e ?  (1 .0 ,  1 .5 , 2 .0 ,  2 . 5 . )

A re  you -  The owner o c c u p ie r ?

R e n t in g  from  th e  c o u n c i l ?

R e n t in g  from  a h o u s in g  a s s o c ia t io n ?  

R e n t in g  from  a p r i v a t e  la n d lo r d ?  

M is s in g  an sw er.

1
2

3

4 

9

I f  4 , p le a s e  g iv e  y o u r  l a n d lo r d 's  name

8- Which of the following facilities does your household have? M ains electricity

M ains w a te r  

E s t a t e  w a te r

P r i v a t e  w a te r  s u p p ly  ( o r  s h a re d ) 

M ains d ra in a g e  

S e p t i c  tan k  

Bathroom

9 ' AP a rt  from  K it c h e n ,  Bathroom and S to ra g e  room s, how many rooms does y o u r  house h a v e ?

606
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10. W h a t  is  th e  c o n s t r u c t io n  o f  y o u r . . . .

1 0 .1 . W a l ls -  1-. B lo c k  o u t e r ,  t im b e r  l i n i n g ,  in s u la t e d

2 . C a v i t y  b r ic k  o r  b lo c k  w ith  in s u la t e d  c a v i t y

3 . C a v i t y  b r ic k  o r  b lo c k  w ith o u t  in s u la t io n

4 . S to n e  w ith  u n in s u la t e d  t im b e r  l i n i n g

5 . S to n e  w ith  p la s t e r b o a r d  l i n i n g ,  in s u la t e d

1 0 .2 . Roo f-  1 . P i t c h e d ,  s l a t e ,  u n in s u la t e d

2 . P i t c h e d ,  s l a t e ,  50mm in s u la t io n

3 . P i t c h e d ,  s l a t e ,  100mm in s u la t io n

4 . P i t c h e d ,  t i l e s ,  u n in s u la t e d

5 . P i t c h e d ,  t i l e s ,  50mm in s u la t b n

6 . P i t c h e d ,  t i l e s ,  100mm in s u la t io n

7 . F l a t  (d e s c r ib e )

1 0 .3 . F lo o r-  ( E n t e r  *  o f  e a c h  t y p e -

1. C o n c re te ,  l in o  o r  t i l e  f i n i s h

2 . T im b e r , l in o  o r  t i l e  f i n i s h

3 . C o n c re te  , c a r p e te d

4 . T im b e r , c a r p e te d

A pprox im ate  g la z e d  a re a  (m1 )

P e rc e n ta g e  d o u b le  g la z e d

1 2 . A re  th e r e  any f e a t u r e s  o f  y o u r  house w h ich  you a re  th in k in g  o f  im p ro v in g ?

ye s

no

1
0

O r w h ich  you  w ou ld  l i k e  to  im prove  i f  th e re  w ere no c o n s t r a in t s ?  

( e . g .  f i n a n c i a l  o r  la n d lo r d  c o n s t r a in t s )
y e s

no

I f  y e s  to  e i t h e r  q u e s t io n ,  p le a s e  e x p la in , in c lu d in g  what a re  c o n s t r a in t s .

13. Have you  e v e r  r e c e iv e d  g ra n t  a id in g  f o r  any  im provem ents to  y o u r  ho u se?

y e s  ____________  1

Level of awareness of grants available low

medium

h ig h

M is s in g
v a lu e

□
U - (A sk  a l l  e x c e p t f u l l- t im e  fa rm e rs )  About how much la n d ,  in  a c re s  

do you  own o r  have  th e  lo n g  term  le a s e  o f ?

To w hat u se s  i s  t h i s  la n d  p u t?

No la n d
0

G e n e ra l G arden 1
G arden  and S m a llh o ld in g 2
G arden  w ith  H ea ted  G reenhouse 3
G arden  w ith  B u s in e s s  

Fa rm er 4
n 9

607 □

□ 
00

 □



L IN E  3 ________________________________________________________________ _ _

15. W hat i s  th e  m ain a s p e c t  o f  th e  ho u se ? N S  E W

1 2  3 4

(maximum 2 a s p e c t s ,  r e p r e s e n t in g  s e p a r a t e  a l ig n m e n ts )

16. How many, i f  a n y , o f  th e  f o l lo w in g  does y o u r  h o u seho ld  have  a t  th e  moment?

P r i v a t e  c a r s

C a rs  o r  van s  a l s o  used  f o r  b u s in e s s

A l l l
PAGE 4

17. C ou ld  you  t e l l  me ab out how much o f  th e s e  d i f f e r e n t  ty p e s  o f  f u e l  you  have  used  in  th e  p a s t  y e a r  f o r  th e se  
d i f f e r e n t  p u rp o s e s , and ab o u t what p r ic e  you  have  to  p ay  f o r  them a t  th e  moment?

FUEL TYPE UNIT PR IC E
/UNIT

( 0 , 1 
HEAT

, o r  2 
COOK

o c c a s io r
POWER*
LIGHT

a l ) )
TOTAL

M ains e l e c t r i c

C oa l

Sm okeless f u e l

Wood (b o u g h t)

Wood (home c u t )

P e a t  (b o u g h t)

P e a t  (home c u t )

B o t t le d  gas

H e a t in g  o i l s

P a r a f in

G e n e ra to r

O th e r

0 o r  1 0 o r  1 0 o r  1 1

18. How many f i r e p l a c e s  do you have  in  y o u r  house ( In c lu d in g  f i r e s  now boarded  u p )?

And how many w ou ld  you s a y  you  used  f o r  a la r g e  p a r t  o f  th e  y e a r ?

19. Do you  have  a s o l id  f u e l  b u rn in g  s to v e  f o r  co o k in g  p u rp o s e s ?  y e s

no

1
0

□□
□

I f  y e s ,  do you use  i t - A lw ays

O c c a s io n a l ly  

W in te r  o n ly  

N ever

M is s in g  v a lu e

1
2

3

4 

9

20. W hat k in d  o f  c e n t r a l  h e a t in g ,  i f  a n y , does y o u r  h o u seh o ld  h a ve ?

None

O i l  f i r e d

S o l id  f u e l  s to v e

S o l i d  f u e l  back  
b o i l e r  (b ackg ro u n d )
B u lk  gas

E l e c t r i c  S to ra g e

0
1
2

3

4

5

608

And how many r a d ia t o r s  ( o r  s i m i l a r )  a r e  s e rv e d  (e x c lu d in g  o r d in a r y  e l e c t r i c  r a d i a t o r s . )



page 5

21. I f  you  have  e v e r  c o n s id e re d  ch an g in g  th e  ty p e  o f  h e a t in g  you  use  in  y o u r  ho u se , 
p le a s e  s t a t e  w hat you  c o n s id e re d  ch an g in g  to - □

A112

G iv e n  no c o n s t r a in t s  on f u e l  ty p e  ( e . g .  you  c o u ld  use  m ains g a s ) ,  o r  on f in a n c e ,  
w hat f u e l  ty p e  w ou ld  you  ch o o se?

22. I f  you know, c o u ld  you  p le a s e  t e l l  me ab out how o ld  th e  main 
p a r t  o f  y o u r  house i s ?

23 . Do you-

0-5 y e a r s  

5-20 y e a r s  

20-40 y e a r s  

40-70 y e a r s  

70-100 y e a r s  

o v e r  100 y e a r s  

D ont know

C u t f r e e  f ire w o o d  f o r  y o u r  home? 

Buy la r g e  lo g s  and c u t  them up?

y e s  ____________ |l

y e s  ____________1

3 m is s in g

3 m is s in g

□□
P le a s e  e x p la in  why you  do n o t g e t  more o f  y o u r  own f r e e  f u e l s  th a n  you  do?

25. Have you  e v e r  c o n s id e re d  u s in g  any a l t e r n a t i v e  ty p e s  o f  e n e rg y  su ch  as-

wind

hyd ro

s o la r

m ethane

w ind  and 
s o la r

w in d ,s o la  
and h yd ro 

w in d ,s o la  • 
h yd ro  a n d L  
m ethane

□

26. C ou ld  you p le a s e  s t a t e  w h e th e r you  t h in k  t h a t  th e  f o l lo w in g  su g g e s te d  t re n d s  f o r  th e  n e x t

L IK E L Y UN LIKELY DONT KNOW D E S IR A B IL IT Y  1-5 ( l « lo w )
R is in g  o i l  p r ic e s

R e tu rn  to  u s in g  more c o a l

M ains g as  to  m ost v i l l a g e s

More use  o f  e l e c t r ' i c i t y

More use  o f  wood f o r  b u rn in g

More use  o f  p e a t

G r e a te r  use  o f  w ind  power

G r e a te r  use  o f  s o la r  pow er

G r e a te r  use o f  s m a ll h yd ro  p la n t s

G r e a te r  use o f  m ethane 609
The sp re a d  o f  com p ute rs  to  m ost homes

G e n e ra l p o l i t i c a l  move to  r i g h t
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2 7 In  te rm s o f  f u e l  s u p p ly ,  i f  a l l  t r a d in g  betw een  y o u r  l o c a l i t y  and e ls e w h e re  w ere to  s to p ,  
do you  t h in k  t h a t  th e  v i l l a g e  c o u ld  a d ju s t  to  p r o v id in g  from  l o c a l  r e s o u rc e s -

E a s i l y

W ith  a  few  d i f f i c u l t i e s  

W ith  c o n s id e ra b le  h a rd s h ip  

N ot a t  a l l  

D ont know

A113

28. S t r e n g th  o f  o p in io n s ,  know ledge and u n d e rs ta n d in g  o f  e n e rg y  m a t te r s .

9N ot re co rd e d  

No o p in io n s  

L i t t l e  th o u g h t g iv e n  

A verag e

W e ll  th o u g h t o u t ,  in t e r e s t e d

NOTES/COMMENTS



THE ROYAL INSTITUTION OF CHARTERED SURVEYORS
¿u id

ROBERT GORDON'S INSTITUTE OF TECHNOLOGY 

RURAL ENERGY USE SURVEY 

Agricultural Holdings Survey

CASE NUMBER
!________________________ 1

GRID  REFERENCE FARM REFERENCE
i ............................... i

1 1

a d d r e s s

n am e o f  f a r m e r

1. I s  y o u r  farm -
Owner o c c u p ie d ?

R en ted  from  an e s t a t e ?  

R en ted  from  a  company? 

Managed f o r  th e  ow n er? 

M is s in g  v a lu e
□

1
"it

2 . I f  n o t  owner o c c u p ie d , w hat i s  th e  ow ners-

NAME

and ADDRESS

3* How many h e c t a r e s  do you farm  h e re ? I Z D

And c o u ld  you  p le a s e  mark y o u r  b o u n d a r ie s  on th e  accom panying  map.

S a t i s f a c t o r y  Rough N ot co m p le ted

611
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4 . Do you  have  any o th e r  h o ld in g s ?

I f  y e s , p le a s e  g iv e  some d e t a i l s -

y e s

\

no

0
m iss in g

9

A115

5 . T o ta l  a r e a  o f  a l l  h o ld in g s -  (H e c ta r e s ) it y ; I
6 . C ou ld  you  p le a s e  g iv e  me some d e t a i l s  ab o u t th e  amounts o f  la n d  used  f o r  d i f f e r e n t  p u rp o ses  

on th e  fa rm , and any la n d  im provem ents you  have  made o r  f o r  th e  f u t u r e ?

H e c ta re s

R o t a t io n a l  a r a b le  lan d

In b y e  fe n c e d  g ra s s la n d  n o t p lo ug h ed  in  th e  r o t a t io n
•

H i l l  lan d / ro u g h  g ra z in g  fo rm in g  p a r t  o f  th e  farm

P r o d u c t iv e  fo re s try / w o o d la n d

W o o d la n d / s h e lte r  b e l t s  n o t  managed f o r  t im b e r

Roads and b u i ld in g s

_ d r
7 . I f  any p ro d u c t iv e  w ood land , p le a s e  s t a t e  how u se d ?  (Managem ent p r a c t i c e ,  

c a s u a l/ o rg a n is e d  f e l l i n g  e t c ,  and y i e l d )

O th e r  comments, in c lu d in g  an n u a l v a r i a t i o n  e t c . ,  land use.

8 . How many p e o p le ,  o th e r  th a n  y o u r s e l f ,  do you
em ploy on y o u r  fa rm ?  F a m ily

F u l l  tim e

S e a s o n a l

F a m ily  and S e a s o n a l em ploym ent d e t a i l s -

9 . How many o f  th e  f o l l c w i n ^ d o ^ o u j j o n j a l l y  ru n  on t h e fa rm ? 
_________________________________ InBer"*1*"1"

Ewes

B e e f  c a t t l e  ( i n c l .  
young s to c k  + c a lv e s )
D a ir y  cows

P o u l t r y
1

P ig s
,

612
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10. About how many/much c f  th e  f o l lo w in g  have  you  s e n t  to  
r a a r k e t i in  th e  p a s t  y e a r ?

1 Amount
CATTLE

□ •

SHEEP (n o j

, □ 1 . ... '

POULTRY (n o )

P IG S  (n o )

GRAIN O a ts  ( t )

B a r le y  ( t )

OTHER ( t )
( S p e c i f y )  i

...................:::::::::::: LJ

And how much o f  th e  f o l lo w in g  have  you p u rch ased  
in  th e  p a s t  y e a r ?

LINE2-

11. W here do you n o rm a lly  m ark e t b e a s ts  and p ro d u c e ?
(Up to  3 lo c a t io n s )  ..........................................................................................................  _

.................................................................................................................................................................  □

O th e r  com m ents, in c lu d in g  an n u a l v a r i a t i o n s ,  s to c k  and m a rk e tin g -

12. Do you  ru n  any o th e r  e n t e r p r is e s  o f  any k in d ,  (W h e th e r a g r i c u l t u r a l ,
s p o r t in g ,  t o u r i s t ,  c r a f t  o r  o t h e r ) ?

y e s no m is s in g

r
1 0 9

I f  y e s ,  p le a s e  g iv e  some d e t a i l s -

13. Do you  have  m ains e l e c t r i c i t y  on th e  fa rm ?
y e s  no m is s in g □

1 0 9

I f  y e s ,  f o r  a b o u t how many y e a r s  h ave  you  been co n n e c te d ?

14. About how much s t r a w  do you  p ro d u ce  in  a y e a r  ( b a l e s ) ?  

And w hat s iz e  o f  b a le s  do you  use  ( t o n n e ) ?

T o ta l  ( t )

15. About how much o f  t h i s  s t r a w  i s  used  f o r  th e  f o l lo w in g -

BEDDING ........................................  T

FEED  ........................................  T

SOLD ........................................  T

16. I f  you  do b u rn  any s t r a w  f o r  f u e l ,  p le a s e  s t a t e  th e  a p p l ia n c e  used 
and f o r  how lo n g  you  have  been u s in g  i t ?

17. Do you  b urn  o f f  any s t r a w  in  th e  f i e l d ?  y e s  no m is s in g □
1 613 0 9

I f  y e s ,  ab o u t how many h e c t a r e s  in  a y e a r ?
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18. Do you  th in k  t h a t  you m ig h t change p r a c t i c e  in  t h i s  
r e s p e c t  i n  th e  n e x t  few  y e a r s ?

INCREASE BURNING 

DECREASE BURNING 

REMAIN STATIC  

M ISS IN G  VALUE

1
2

3

9

page A

19- have  you  e v e r  c o n s id e re d  u s in g  an im a l w a s te s  f o r  f u e l
v i a  su ch  a p p l ia n c e s  as  a n a e ro b ic  d ig e s t o r s ?

y e s  no m is s in g

1 0  9

W hat do you  c o n s id e r  to  be th e  a d va n ta g e s  and d is a d v a n ta g e s  o f  such  s y s te m s?

•lave you  e v e r  c o n s id e re d  g ro w in g  any c ro p s  f o r  f u e l  on any o f  y o u r  la n d  su ch  as-
y e s  no

M anaging e x is t in g  woodland

P la n t in g  rough g ra z in g  lan d

O th e r  la n d

m is s in g

I f  y e s  to  any  o f  th e  ab o ve , p le a s e  s t a t e -  C rop  c o n s id e re d

H e c ta re s  c o n s id e re d

Use c o n s id e re d

T ech n iq u e s  c o n s id e re d

W hat do you c o n s id e r  to  be th e  a d van tag es  and d is a d v a n ta g e s  o f  su ch  f u e l s ?

E n te r  i f  YES  to  any  o f  above

20. Do you u s e , o r  have  you e v e r  c o n s id e re d  u s in g ,  w in d , s o l a r ,  s m a ll s c a le  h yd ro  o r  w a s te  m ach ine h e a t  on the  
fa rm ?  P le a s e  s t a t e  what you  c o n s id e r  to  be t h e i r  ad van tag es  and d is a d v a n ta g e s .

No U s in g  C o n s id e re d  u s in g  M is s in g

WIND ____________

SOLAR

HYDRO

0 1 2  9
F u r t h e r  com m ents, p a r t i c u l a r l y  a d va n ta g e s  and d is a d v a n ta g e s -

614
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21. C ou ld  you  p le a s e  g iv e  me some d e t a i l s  ab o u t th e  m e ch a n ic a l p la n t  
you  h ave  on th e  fa rm ?

A118

Number D e ta ils / co m m en ts

Road v e h i c le s  (e x c e p t  l i s t e d  
f a m i ly  c a r s )
S e r v ic a b le  t r a c t o r s

Combines

O th e r  powered p la n t

G ra in  d r y in g  equ ipm ent

A d d i t io n a l  in fo rm a t io n -

TOTAL ANNUAL PLANT FUEL USE ( L i t r e s ) -

22. Cou ld  you  p le a s e  g iv e  me some d e t a i l s  ab o u t th e  b u i ld in g s  you  have on th e  fa rm ?

M achine s to r e

d a y/ s tra w  s to r e

S to c k  w in t e r in g

P o u lt r y

D a ir y

P ig s

S i l o

O th er

TOTAL m’

T o ta l  an n u a l f u e l  used  in  farm  b u i ld in g s  
e x c lu d in g  d w e l l in g s  (KW)

Type o f  f u e l

m ain u ses

P le a s e  s t a t e  w h e th e r you  t h in k  t h a t  each  o f  the  f o l lo w in g  w i l l  g row , d e c re a se  o r  rem a in  
s t a t i c  in  im p o rtan ce  on farm s in  t h i s  c o u n try  o v e r  th e  n e x t  te n  y e a r s ,  and w h e th e r th e  
f u n c t io n  d e s c r ib e d  i s  a g e n e r a l l y  good oi- b a d _ th in g .

CHANGE
up 1. down 2 . un ch . 0 .

COMMENTS

e l e c t r i c i t y
Wind pumping

S o la r  e l e c t r i c i t y

S o la r  h e a t in g

S m a ll hyd ro  
p la n t s
G row ing  c ro p s  
f o r  f u e l
S h e l t e r  b e l t s  
managed f o r  f u e l
A n im al w a s te s  used  
as f u e l
S tu b b le  b u rn in g

Use o f  c h e m ic a l 
f e r t i l i s e r s
I n t e n s i v i t y  o f  
fa rm in g
Im provem ent o f  
h i l l  lan d
F r i c t i o n  betw een 
fa rm e rs  + c o n s e r v a t io n
Change in  la r g e  
e s t a t e  o w n e rsh ip
O rg an ic  fa rm in g

Mixed fa rm in g

Number o f  f i e l d  
o p e ra t io n s
Number o f  s m a ll 
food p lo t s
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27. P le a s e  s t a t e  any o th e r  p rob lem s w h ich  you  t h in k  e x i s t  w ith  re g a rd  to  e n e rg y  s u p p ly  to  fa rm in g  in  t h i s  
a r e a ,  n a t io n a l l y  o r  i n t e r n a t io n a l l y .

OTHER INFORMATION/COMMENTS—
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APPENDIX 9. MAPS OF THE LOCAL SURVEY AREAS.

A. Dunecht.
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B. LUMSDEN.
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C. CUMINESTOWN.

^ / - —rr^&Ewcbrae

619





A124
APPENDIX 10, DESCRIPTION OF THE 'S.P.S.S.' PROGRAM.

The method decided upon for analysing data collected 
in the local surveys was by means of the ' Statistical 
Package for the Social Sciences Program'. Other 
available programs were unable to handle either the 
number of variables or the number of cases recorded by 
the domestic surveys, though they may have proved easier 
to use given sufficient processing capacity.

The program requires the creation of a data file and 
a control file, written in a simple form of fortran, 
whilst additional control files produce the output.

S.P.S.S. has a whole range of statistical functions 
such as crosstabulation, frequency distribution, 
correlation, factor analysis etc., as well as producing 
more simple statistical tests such as means, standard 
deviations and variance. For the purpose of this study 
simple listings, -histograms, crosstabulations, and 
particularly arithmetic transformations of variables were 
the most used functions. This last function is 
illustrated in Appendix 11, which reproduces the control 
file used to generate heat loss and energy use 
calculations.

Unfortunately, a bug in the program on the R.G.I.T. 
mainframe meant that it proved impossible to plot simple 
graphs of data, and therefore a fortran program was 
written to transform the data for input into the GRPLOT
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Appendix

for this purpose. This program is also listed in
li.
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APPENDIX 11. PROGRAM LISTINGS FOR ENERGY USE AND LOSS CALCULATIONS.
A. Input File for S.P.S.S. Processing.

HUN NAME 
INPUT MEDIUM 
VARIABLE LIST

INPUT FORMAT

MISSING VALUES

N OF CASES 
IF

IF
IF
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE

cumine 
cumine .dat
LINE1,CASE,PERSONS,AGEI,SEXi , RELI,OCCUPATI,MILES1, 
MODE1,EDUCATN1,COMPLET!,AGE2,SEX2,REL2,OCCUPAT2, 
MILES2,MODE2,EDUCATN2,COMPLET2 , AGE3, SEX3,REL3, 
OCCUPAT3,MILES3,MODE3,EDUCATN 3,COMPLET3,AGE4,
SEX4,REL4,OCCUPAT4,MILES4,MODE4,EDUCATN4 f 
COMPLET4,AGE 5,SEX5,REL5,OCCUPAT5,MILES 5,MODE5,
EDUCATN 5,COMPLET5,LINE2,AGE6,SEX6,REL6,OCCUPAT6, 
MILES6,MODE6,EDUCATN6,COMPLET6 , AGE7,SEX7,REL7, 
OCCUPAT7,MILES7,MODE7,EDUCATN7,COMPLET7,ORIGINR,
ORIGINL,STAY,HTYPE,FLOORS,TENURE,LANDLORD,
MELECTR,MAINSW,ESTATEW,PRIVATEW,MAINSD,SEPTIC , 
BATHROOM,ROOMS,WALL,ROOF,FLOOR,
M2GLASS, «¡DOUBLE, IMPROVE1,
IMPROVE 2,GRANT,GAWARE,ACRES,LANDUSE,LINE3,
ASPECT,CARS,BCARS,EHEAT,ECOOK,ETOTAL,
CHEAT,CCOOK,CTOTAL,SHEAT,SCOOK,STOTAL,
BWHEAT,BWCOOK,BWTOTAL,HWHEAT, HWCOOK,HWTOTAL,
BPHEAT,BPCOOK,BPTOTAL,HPHEAT,HPCOOK,HPTOTAL,
GASHEAT,GASCOOK,GASTOTAL,OILHEAT,OILCOOK,
OILTOTAL,LINE4,PARHEAT,PARCOOK,PARTOTAL,
TOTFIRES,
USEF1RES,RAYBURN,RAYUSE,CENTHEAT,RADS,HEATCH,
PREFHEAT,HOAGE,FREEWOOD,LOGS,REASON,RENEWABL,
OIL,COAL,GAS,ELECTRIC,WOOD,PEAT,WIND,SOLAR,HYDRO, 
METHANE,COMPUTER,POLCHANG,SELFSUFF,
OPINIONS,GFA
FIXED(F4.0,F3.0,4F1.0,2F2.0,6Fl.0,2F2.0,6F1.0,
2F 2.0,6F1.0,2F 2.0,6F1.0,2F 2.0,3F1.0/F4.0,3F1.0 ,
2F2.0,6Fi.0,2F2.0,7F1.0,F3.I,10F1.0,3F1.0,
2F2.0,4FI.0,F2.0,F1.0/F4.0,A2,4F1.0,F4.0,2F1.0, 
F3.1,2Fl.0,F3.1,2FI.0,F3.1,2Fi.0,F3.1,2FI.0,
F3.1,2FI.0,F3.1,2F1.0,F3.0,2F1.0,F4.0/F4.0,2FI.0,
F2.0,5F1.0,F2.0,21F1.0,F3.0)
ETOTAL(9999)/CTOTAL,STOTAL,BWTOTAL,HWTOTAL,BPTOTAL, 
HPTOTAL(9.9)/GASTOTAL(9 99)/OILTOTAL(9999)/PARTOTAL(9 9) 
/REASON(9)/OIL TO OPINIONS(9) 
i 16
((CENTHEAT NE 5) AND (OCCUPATI NE i))
MJELEC= (ETOTAL-31.92)*8i. 6 3 
((CENTHEAT NE 5) AND (OCCUPATI EQ i))
MJELEC=(ETOTAL-50.04)x8i.63
(CENTHEAT EQ 5) MJELEC=(ETOTAL-39.36)xill.05
MJREALE=MJELECX2.016
MJCOAL=CTOTALx3 20 00
MJSMOKE=STOTALX36000
MJHWOOD=HWTOTALxi8500
MJBWOOD=BWTOTALxi8500
MJBPEAT=BPTOTALx2 Î500
MJHPEAT=HPTOTALx2i500
MJGAS=GASTOTALx56.05
MJOIL=OILTOTALx47.03
MJPAR=PARTOTALx4 6.98
MJTOTAL=MJELEC+MJCOAL+MJSMOKE+MJHWOOD+MJBWOOD+
MJH PEAT+MJBPEAT+MJGAS +MJOIL+MJPAR 
MJREALT=MJTOTAL-MJELEC+MJREALE
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ASSIGN MISSING

IF

IF

IF

IF
IF
IF
IF
IF
IF
COMPUTE
COMPUTE
IF
IF
IF
IF
IF
IF
COMPUTE

IF
IF
IF
COMPUTE

MJELEC,MJREALE,MJCOAL,MJSMOKE , MJHWOOD,MJBWOODf 
MJHPEAT f MJBPEAT,MJGAS,MJOIL,MJPAR,MJTOTAL, 
MJREALT (9)
(((FLOORS GT 1.4) AND (FLOORS LT 2.4)) AND (HTYPE EQ 1))
GRWAREA= (SQRT (GFA/2 ) ) *8 *2 . 3 
(((FLOORS GT 1.4) AND (FLOORS LT 2.4))
AND (HTYPE EQ 2))
GRWAREA= (SORT (GFA/2 ) ) *8 x2.3*0.75 
(((FLOORS GT 1.4) AND (FLOORS LT 2.4)) AND 
(HTYPE EQ 3))
GRWAREA= (SORT (GFA/2 ) ) 
((FLOORS LT 1.4) AND 
GRWAREA= (SQRT (GFA/2 ) ) 
((FLOORS LT 1.4) AND 
GRWAREA= (SQRT (GFA/2 ) ) 
((FLOORS LT 1.4) AND 
GRWAREA= (SQRT (GFA/2 ) )

X8X2.3X0.5 
(HTYPE EQ 1)) 
x8 x2.3X0.75 
(HTYPE EQ 2) ) 
X8X2.3 x0.75 x0 
(HTYPE EQ 3)) 
X8X2.3X0.75x0 ,

75

(FLOORS EQ 1.5) WALLAREA=GRWAREA/2 
(FLOORS EQ 2.5) WALLAREA=SQRT(GFA/3) 
((FLOORS EQ 1.0) OR (FLOORS EQ 2.0)) 
GRATIO=GRWAREA/M2GLASS 
NETWALL=WALLAREA-M2GLASS-(2 x0.75x2) 
(WALL EQ 1) WALLU=0.49XNETWALL 
(WALL EQ 2) WALLU=0 
(WALL EQ 3) WALLU=0 
(WALL EQ 4) WALLU=1 
(WALL EQ 5) WALLU=0 
(WALL EQ 6) WALLU=0 
GLAZINGU=(M2GLASSx%DOUBLE/100)x2.8+
(M2GLASSx(100-%DOUBLE)/100)X5.7+
2 x2 x0.75 x2.7
(FLOORS EQ 1.5) FLOORS2=2.0 
(FLOORS EQ 2.5) FLOORS2=3.0 
((FLOORS EQ 1.0) OR (FLOORS EQ 2.0)) 
GRFA=GFA/FLOORS2

X8X2.3
WALLAREA=GRWAREA

, 40XNETWALL 
99XNETWALL 
20 XNETWALL 
49XNETWALL 
29XNETWALL

FLOORS2=FLOORS
IF (((FLOORS EQ 1.0) OR (FLOORS 

((ROOF EQ 1) OR (ROOF EQ 4))) 
ROOFU=GRFAx2.6

EQ 2-0) ) AND

IF (((FLOORS EQ 1.0) OR (FLOORS 
((ROOF EQ 2) OR (ROOF EQ 5))) 
ROOFU=GRFAX0.61

EO 2.0) ) AND

IF (((FLOORS EQ 1.0) OR (FLOORS 
((ROOF EQ 3) OR (ROOF EQ 6))) 
ROOFU=GRFAX0.35

EQ 2.0) ) AND

IF (((FLOORS EQ 1.5) OR (FLOORS 
((ROOF EQ 1) OR (ROOF EQ 4))) 
ROOFU= (1.30 5 XGRFA) x2.6

EQ 2.5) ) AND

IF (((FLOORS EQ 1.5) OR (FLOORS 
((ROOF EQ 2) OR (ROOF EQ 5))) 
ROOFU= (1.30 5 XGRFA)x0.61

EQ 2.5) ) AND

IF (((FLOORS EQ 1.5) OR (FLOORS 
((ROOF EQ 3) OR (ROOF EO 6))) 
ROOFU= (1.30 5XGRFA) x0.35

EQ 2.5) ) AND

IF ((HTYPE EQ 1) AND ((FLOOR EQ 
AND (FLOORS LT 1.4))

1) OR (FLOOR EQ 3))
FLOORU=0.62XGRFA
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IF (((FLOOR EQ 2) OR (FLOOR 
FLOORU=0.59 XGRFA

EQ 4)) AND (FLOORS LT 1.4))
IF ((HTYPE EQ 1) AND ((FLOOR 

AND (FLOORS GT 1.4)) 
FLOORU=0.7 4 XGRFA

EQ 1) OR (FLOOR EQ 3) )

IF
IF

(((FLOOR EQ 2) OR (FLOOR EQ 4))
FLOORU=0.71XGRFA
(FLOOR EQ 5) FLOORU=0.3XGRFA

AND (FLOORS GT 1.4))

IF ((HTYPE EQ 2) AND ((FLOOR 
AND (FLOORS LT 1.4))
F LOORU=0.4 9 XGRFA

EG 1) OR (FLOOR EQ 3) )

IF ((HTYPE EQ 2) AND ((FLOOR 
AND (FLOORS GT 1.44)) 
FLOORU=0.59 XGRFA

EO 1) OR (FLOOR EQ 3) )

IF ((HTYPE EQ 3) AND ((FLOOR 
AND (FLOORS LT 1.4)) 
FLOORU=0.36 XGRFA

EQ 1) OR (FLOOR EQ 3) )

IF ((HTYPE EQ 3) AND ((FLOOR 
AND (FLOORS GT 1.4))

EQ 1) OR (FLOOR EQ 3) )

COMPUTE
COMPUTE
IF
IF
IF
IF

IF
IF
IF
IF
COMPUTE
COMPUTE
COMPUTE
COMPUTE
READ INPUT DATA 
SAVE FILE 
FINISH

FLOORU=0.4 4 XG R F A
TOTALU=WALLU +ROOFU+F LOORU+GLAZINGU 
FABLOSS=TOTALUx264.6812 
((FLOORS EQ 1.0) OR (FLOORS EQ 2.0)) 
(FLOORS EQ 1.5) VOLUME=1.75XGRFAX2.3 
(FLOORS EQ 2.5) VOLUME=2.75XGRFAX2.3 
(((IMPROVE1 GT 3.5) AND (IMPROVE! LT 
((IMPROVE2 GT 3.5) AND (IMPROVE2 LT 
AC1=10.0
((IMPROVEl EQ 8) OR (IMPROVE2 EQ 8)) 
ACl=-5.0
(HOAGE EQ 1) AC2=-i0.0
(HOAGE EQ 2) AC2=-5.0
(LINE1 GT 1000) AC3=5.0
AIRCHAN=ACl+AC2+AC3+30.0
VENTLOSS=VOLUMExAIRCHAN/3.0X264.6812/i0
HEATLOSS=FABLOSS+VENTLOSS
LOSSPERM=HEATLOSS/GFA
CUMINE.SPS

VOLUM E=2.3XGFA

5.5)) 
5.5) ) )

OR
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B. Fortran Program fo r  C alcu lation  o f  the Same V a ria b le s .

DOUBLE PRECISION ASPECT
REAL JELEC f JREALE,JCOAL,JSMOKE,JHWOOD , JBWOOD,JH PEAT
REAL JBPEAT,JG,JO,JP,JTOT,JREALT,NETWAL,LPERM
REAL LINEl,MILESI,MODEl,MILES2,MILES3,MILES4,MILES5,MILES6REAL MILES7,MODE2,MODE3,MODE4,MODE5,MODE6,MODE7
REAL LINE2,LINE3,LINE4,LINE5,LINE6,LINE7
REAL LANDL,MELEC,MAINSW,MAINSD,M2GLA,IMPl,IMP2REAL LANDU,LOGS,METH
OPEN (UNIT=21,FILE='LUMSD')
OPEN (UNIT=2 3,FILE='LUMFOR')
DO 100,IC=1,5000
READ (2i,10,END=1000) LINEi,CASE,PERSON,AGE1,SEX1,REL1,

&OCC1,MILES!,MODEl,EDUCAI,COMI,AGE2,SEX2,REL2,OCC2,
& MILES 2,MODE2,EDUCA2,COM2,AGE3,SEX3,REL3,OCC3,MILES3,
&MODE3,EDUCA3,COM 3,AGE4,SEX4,REL4,OCC4,MILES4,MODE4,
& EDUCA4,COM4,AGE5,SEX5,REL5,OCC5,MILES5,MODE5,EDUCA5,COM5 

10 FORMAT (F4.0,F3.0,4F1.0,2F2.0,6F1.0,2F2.0,6F1.0,2F2.0, &6F1.0,2F2.0,6F1.0,2F2.0,3F1,0)
READ (21,15) LINE2,AGE6,SEX6,REL6,OCC6,MILES6,MODE6,EDUCA6,COM6, &AGE7,SEX7,REL7,OCC7,MILES7,MODE7,EDUCA7,COM7,ORIGR,ORIGL,

&STAY,HTYPE,FLOORS,TENURE,LANDL,MELEC,MAINSW,ESTW,PRW,
&MAINSD,SEPTIC,
& BATH,ROOMS,WALL,ROOF,FLOOR,CARPET,TILES,M2GLA,DOUBLE,EXPOSE, &VENTIL,IMP!,IMP2,GRANT,GAWARE,ACRES,LANDU 

15 FORMAT (F4.0,3F1.0,2F2.0,6Fl.0,2F2.0,7Fi.0,F3.i,9F1.0,& F2.0,3F1.0,4F2.0,6F1.0,F2.0,F1.0)
READ (21,20) LINE3,AS PECT,CARS,BCARS,EHEAT,ECOOK,EPOW,ETOT,

& CHEAT,CCOOK,CTOT,SHEAT,SCOOK,STOT,BWHEAT,BWCOOK,BWTOT,
&HWHEAT,HWCOOK,HWTOT,HPHEAT,HPCOOK,HPTOT,BPHEAT,BPCOOK,
& BPTOT,CHEAT,GCOOK,GTOT,OHEAT,OCOOK,OTOT 

20 FORMAT (F4.0,A2,4Fl.0,F1.0,F4.0,2F1.0,F3.i,2F1.0,F3.1,2F1.0,
&F3.1,2F1.0,
& F3.1,2F1,0,F3.1,2F1.0,F3.1,2F1,0,F3.0,2F1.0,F4.0)

READ (21,25) LINE4,PHEAT,PCOOK,PTOT,GENH,GENC,GENP,GENT,TOTF, 
&USEF,RBURN,RUSE,CENTH,RADS,HEATCH,PREFH,HOAGE,FREEW,LOGS,
&REASON,RENEW,0,COAL,G,ELECTR,WOOD,PEAT,WIND,SOLAR,HYDRO,
&METH,COMP,POLCH,VOTING,SELFS,PROB,OPIN 

25 FORMAT (F4.0,2F1.0 , F2.0,3F1.0 , F4.0,5F1.0,F2.0,21F1.0,2F1.0)IF((CENTH.NE.5.0).AND.(OCC1.NE.1.0))THEN
JELEC=(ETOT-31.92)*81.63
ENDIF
GFA=R00MS*16+20
IF((CENTH.NE.5.0).AND.(OCCi.EQ.1.0))THEN
JELEC=(ETOT-50.04)*81.63
ENDIFIF(CENTH.EQ.5.0) JELEC=(ETOT-39.36)*1 il.05 

JREALE=JELEC*2.016 
JC0AL=CT0T*3 20 00 
JSMOKE=STOT*36000 
JHW00D=HWT0T*18500 
JBW00D=BWT0T*18500 
JB PEAT=B PTOT*21500 
J H PEAT=H PTCT *2 i 5 0 0 
JG=GTOT*56.05 
J0=0T0T*4 7.03 
JP=PTOT*46.98
JTOT=JELEC+JCOAL+JSMOKE+JHWOOD+JBWOOD+& JHPEAT+JBPEAT+JG+JO+JP
JREALT=JTOT-JELEC+ÆBeALE
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IF(((FLOORS.GT.i.4) .AND. (FLOORS.LT.2.4)) .AND. (HTYPE EO i 0))& GRWAR= (SORT (GFA/2))x8 x2.3 * *
IF(((FLOORS.GT.i.4).AND.(FLOORS.LT.2.4)).AND.(HTYPE.EO 2 0))& GRWAR= (SORT (GFA/2))X8X2.3X0.75
IF(((FLOORS.GT.I. 4) .AND. (FLOORS.LT.2.4)) .AND.(HTYPE EO 3 0))

& GRWAR= (SORT (GFA/2) ) *8*2.3*0.5
IF((FLOORS.LT.1.4).AND.(HTYPE.EQ.1.0))

& GRWAR= (SORT (GFA/2) ) *8*2.3*0.75
IF((FLOORS.LT.1.4).AND.(HTYPE.EQ.2.0))

& GRWAR= (SORT (GFA/2 ) ) *8 x2.3x0.75 x0.75 
IF((FLOORS.LT.1.4).AND.(HTYPE.EQ.3.0))

& GRWAR= (SORT (GFA/2) ) *8 *2.3X0.75 *0.5 
IF(FLOORS.EO.1.5) WALLA=GRWAR/2 
IF(FLOORS.EO.2.5) WALLA=SQRT(GFA/3)X8X2.3 
IF((FLOORS.EQ.1.0).OR.(FLOORS.EQ.2.0)) WALLA=GRWAR 

GRATI0=GRWAR/M2GLA 
NETWAL=WALLA-M2GLA-(2 x0.75x2)

IF(WALL.EO.1.0) WALLU=0.49 XNETWAL 
IF(WALL.EQ.2.0) WALLU=0.40 XNETWAL 
IF(WALL.EQ.3.0) WALLU=0.99 XNETWAL 
IF(WALL.EQ.4.0) WALLU=1.20 XNETWAL 
IF(WALL.EQ.5.0) WALLU=0.49 XNETWAL 
IF(WALL.EQ.6.0) WALLU=0.29XNETWAL

GLAZU=(M2GLAxDOUBLE/100)x2.8+
& (M2GLAX (100-DOUBLE)/100)X5.7+
& 2 x2 x0.75x2.7

IF(FLOORS.EQ.1.5) FLOR2=2.0 
IF(FLOORS.EO.2.5) FLOR2=3.0
IF((FLOORS.EC.i.0)-OR.(FLOORS.EQ.2.0)) FL0R2=FL00RS 

GRFA=GFA/FL0R2
IF(((FLOORS.EO.1.0)-OR.(FLOORS.EQ.2.0)).AND.((ROOF.EQ.1.0)

&.OR.(ROOF.EQ.4.0)))
& R00F0=GRFAX2.6

IF(((FLOORS.EQ.1.0).OR.(FLOORS. EQ. 2.0)) .AND. ((ROOF.EQ.2.0)
&.OR. (ROOF.EQ.5.0)) )
& ROOFU=GRFAX0.61

IF(((FLOORS.EO.1.0).OR.(FLOORS.EQ.2.0)).AND.((ROOF.EQ.3.0)
&.OR.(ROOF.EQ.6.0)))
& ROOFU=GRFAX0.35

IF(((FLOORS.EQ.1.5).OR.(FLOORS.EQ.2.5)).AND.((ROOF.EQ.1.0) 
&.0P.(ROOF.EQ.4.0)))
& ROOFU= (1 . 305XGRFA) x2.6

IF(((FLOORS.EO.i.5).OR.(FLOORS.EQ.2.5))-AND.((ROOF.EQ.2.0)
& .OR.(ROOF.EO.5.0)))
& ROOF U= (i. 305XGRFA)x0.61

IF(((FLOORS.EO.1.5).OR.(FLOORS.EQ.2.5)).AND.((ROOF.EC.3.0) 
&.0R.(ROOF.EQ.6.0)))
& ROOFU= (1.305XGPFA) x0.35

IF((HTYPE.EQ.i.0).AND.((FLOOR.EQ.1.0).OR.(FLOOR.EQ.3.0)).AND.
&(FLOORS.LT.i.4) )
& FLOORU=0.62XGRFA

IF(((FLOOR.EO.2.0).OR.(FLOOR.EQ.4.0)).AND.(FLOORS.LT.1.4))
& FLOORU=0 . 59 XGRFA

IF(((HTYPE.EO.1.0)-AND.((FLOOR.EQ.1.0).OF.(FLOOR.EQ.3.0)).AND. 
& (FLOORS.GT.1.4) ) )
& FLOORU = 0.74 XGRFA

IF(((FLOOR.EQ.2.0).OR.(FLOOR.EQ.4.0)).AND.(FLOORS.GT.1.4))
& FLOORU=0.7ixGRFA
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IF(FLOOR.EQ.5.0) FLOORU=0.3XGRFA
IF((HTYPE.EQ.2.0).AND. ( (FLOOR.EQ.1.0) .OR.(FLOOR.E0-3.0)) .AND &(FLOORS.LT.1.4) )

& FLOORU=0.49 XGRFA
IF( (HTYPE.EQ.2.0) .AND. ( (FLOOR.EO.1.0) .OR.(FLOOR.EQ.3.0)) .AND 

&(FLOORS.GT.1.4) )
& FLOORU=0.59 XGRFA

IF( (HTYPE.EQ.3.0) .AND. ( (FLOOR.EQ.1.0) .OR. (FLOOR.EQ.3.0))
&.AND.(FLOORS.LT.l. 4) )
& FLOORU=0.36 XGRFA

IF(((HTYPE.EQ.3.0).AND.((FLOOR.EQ.I.0).OR.(FLOOR.EQ.3.0))
&.AND. (F LOO RS.GT.i.4)))
& FLOORU=0.44 XGRFA

TOTU=WALLU +ROOFU+F LOORU+GLA ZU 
FLOSS=TOTUx264.6812

IF((FLOORS.EQ.1.0).OR.(FLOORS.EQ.2.0)) VOLUME=2.3XGFA 
IF(FLOORS.EQ.l.5) VOLUME=i.75XGRFAX2.3 
IF(FLOORS.EQ.2.5) V0LUME=2.75XGRFAX2.3 
IF(((IMP1.GT.3.5).AND.(IMPl.LT.5.5)).OR.((IMP2.GT.3.5)

& .AND. (IMP2.LT.5.5) ) )
& ACl=i. 0

IF((IMP1.EQ.8.0).OR.(IMP2.EQ.8.0))
& ACl=-0.5

IF(((IMP1.NE.4.0).AND.(IMP1.NE.5.0).AND.(IMP1.NE.8.0))
& .AND.((IMP2.NE.4.0).AND.(IMP2.NE.5.0).AND.(IMP2.NE.8.0)))
& AC1=0.0

IF(HOAGE.EQ.1.0) AC2=-i.0 
IF(HOAGE.EQ.2.0) AC2=-0.5
IF((HOAGE.NE.1.0).AND.(HOAGE.NE.2.0)) AC 2=0.0 
IF(LINEl.GT.1000) AC3=0.5

AIRCH=ACl+AC2+AC3+3.0 
VLOSS=VOLUMEXAIRCH/3.0X264.6812 
HLOSS=FLOSS+VLOSS 
LPERM=HLOSS/GFA 

USEMJ=HL0SS/JREALTX10 0 
WRITE (23,30)AIRCH,VENTIL 

30 FORMAT (2F)
100 CONTINUE
i0 0 0 CLOSE (UNIT=21)

CLOSE (UNIT=2 3)
STOP
END
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APPENDIX 12. MAPS OF THE PEAT RESOURCE IN SURVEY AREAS.

A. LUMSDEN.
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B. CUMINESTOWN.

HiH s -
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