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Abstract. The ongoing climate crisis provides a unique challenge within the residential sector
to reduce greenhouse gas emissions by 2050 in response to Canada’s net-zero goal. Although
legislation has been put in place to address the decarbonisation of the existing housing stock,
the challenging goal set by the Canadian government requires action beyond current energy
guidelines. This poses a difficult challenge regarding the retrofit of housing built in the 19th
and early 20th century. The extensive retrofit needed to bring these houses to the highest level
of residential sustainability may counteract the idea of national zero-carbon when considering
embodied carbon. This paper seeks to evaluate the whole-life carbon impacts of implementing
deep retrofits in 19th and early 20th-century Canadian homes using the EnerPHit standard. To
achieve this objective, the study compares whole-life carbon emissions under a non-retrofit
baseline and a retrofit scenario that adheres to the EnerPHit standard, focusing on homes in
Southern Ontario. HOT2000 Energy simulation software was used to assess the operational
energy consumption, while One Click LCA was used to evaluate the whole life carbon of the
two scenarios. This study found that the deep retrofit resulted in a 60% reduction in annual
operational emissions compared to the baseline scenario. The whole-life carbon assessment
further demonstrated a 48% reduction in total emissions over a 60-year period, with a carbon
payback period of 6.8 years. These results imply that adapting this retrofit strategy would be
beneficial to meeting Canada’s 2050 net-zero goals, as the operational energy savings are
superior to the total embodied carbon associated with the retrofit strategy.

Keywords: Net-Zero; Retrofit, whole life Carbon, Canada,

1. Introduction

Due to the climate crisis, Canada and other nations have increased their attention on
energy consumption and demand reduction across all economic sectors to reduce
greenhouse gas (GHG) emissions (Prabatha, Hewage et al. 2020). Legislation under
the Canadian Net-Zero Accountability Act has been implemented to commit to
reducing annual greenhouse gas emissions; this comes to support the government's net
zero emissions target set for the year 2050 (NRCan 2020). To achieve this goal, the
government of Canada put in place a new 2030 emissions reduction plan that sets to
reduce Canada's annual carbon emissions by 40 to 45 percent of 2005 emission levels.
This increased from its original 2030 target to reduce emissions 30% below 2005
levels. The increase in its ambition to reduce emissions stems from increasing global
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pressure to limit the impacts of climate change, which aligns with commitments under
the Paris Agreement (NRCan 2020). This is the first emissions reduction plan issued
under the Canadian Net-Zero Accountability Act (NRCan 2020). Further progress
reports and legislation are set to periodically be curated every five years until 2050 to
ensure the targets are met. In December 2024, Canada released a new 2035 GHG
target to reduce emissions 45 to 50 percent below 2005 levels, but no new plan has
been released yet outlining actions to meet this new target. The Government of
Canada has outlined a sector-by-sector overview of commitments to meet its 2030
targets. The government of Canada's most recent national inventory report stated that
the national GHG emissions were equal to 670 Mt CO,e in 2021. The breakdown by
economic sector showed that buildings contributed 87 Mt CO,e (13%). In turn, the
residential sector was responsible for 37 Mt CO.e (5.52%), the largest emitter within
the buildings sector (Environment and Natural Resources Canada

2023). As a result, Canada's government has implemented a Green and Inclusive
Community Buildings program to address 2030 emissions reductions in residential
housing through retrofits, repairs, and upgrades to existing or new housing stock.
They also launched the Public Buildings Retrofits Initiative for green infrastructure
deep retrofits of large buildings through a retrofit accelerator initiative, as well as a
green building strategy to support provinces decarbonising their building stock
(NRCan 2020).

In January 2025, Ontario, the most populated province in Canada, released the Home
Renovation Savings Program, the largest investment in energy efficiency in Canadian
history, to improve the efficiency of the existing housing supply. Many urban
neighbourhoods in southern Ontario contain 19th-century to early 20th-century homes
in cities such as Toronto, Hamilton, and Waterloo. These historic houses symbolise
early development, as areas around them developed urban sprawl and modern
housing. Although new housing meets modern efficiency standards, historic homes
remain in their original state, far below current energy efficiency and human comfort
regulations. To reach net zero by 2050, retrofitting these homes is necessary to meet
decarbonisation targets. However, the extensive retrofit needed to bring these houses
to the highest level of residential sustainability may counteract the idea of national
zero-carbon when considering the entire carbon trail and looking beyond annual
carbon consumption.

Although legislation and action have been taken towards sustainable new housing in
Canada, this is not evident in practice and can not be observed in current housing
developments in 2023. Current legislation in part 9, housing and small buildings and
part 11 renovations of the Ontario and national building code are insufficient to meet
the 2050 net carbon goal (Bastian, Schnieders et al. 2022). Ontario offers an
appropriate field of study, as Ontario is prioritising the energy efficiency of existing
buildings and building code requirements have recently been harmonised with
National building codes Furthermore, Little attention and research have been
prioritised to retrofit the existing housing stock in Canada, which is the current source
of all residential carbon emissions. Without steps towards or further incentives on
retrofitting the current stock, annual carbon emissions in the building sector can only
be expected to rise from the current average.

Other studies that focused on building retrofit in Canada largely fixated on the
reduction of operational carbon emissions and primarily did not focus on whole life
cycle analysis; furthermore, studies that did consider Life Cycle Assessment (LCA) in
their retrofit strategy did not consider housing built before the 20th century such as
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(Prabatha, Hewage et al. 2020). Therefore, this paper seeks to evaluate the whole-life
carbon impacts of implementing deep retrofits in 19th and early 20th-century
Canadian homes using the EnerPHit standard. To achieve this objective, the study
compares whole-life carbon emissions under two scenarios: a non-retrofit baseline and
a retrofit scenario that adheres to the EnerPHit standard, focusing on homes in
Southern Ontario.

2. Literature Review

2.1. CANADIAN CONTEXT

2.1.1 19th-century to early 20th-century houses in canada

Houses built from the 19th to early 20th century in Canada (see figurel) evolved over
time; therefore, there are different types of construction within this period; the most
typical house would be Victorian architecture. Roof structures are made with milled
lumber. This lumber rests on a sill plate supported by the exterior structural facade.
Above the rafters sit wood planks which are topped with an asphalt membrane before
being finished with asphalt shingles.

Figure 1: 19th-century to early 20th-century home

Structural walls for these buildings consist of interlocking bricks or stone (e.g., double
brick facade), cement, lime, or cement lime mortar (Straube, Schumacher 2007). This
study will focus on interlocking bricks in a double-skin facade, this structural wall is
common in houses built in this century. These houses did not contain insulation, and
later in the century, only minimal amounts were added between the 100-millimetre
studs, using oil burning or fireplaces to heat the home. This method of human comfort
may have been the most practical for the time; however, in 2023, the majority remain
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in this condition, falling far below the minimum requirements of thermal insulation in
the Ontario building code, and instead continue to utilize high carbon emitting heating
sources that work against Canada's climate targets.

2.1.2 Current Energy Guidelines and Standards in Canada

To address the retrofit of the existing housing stock, the government of Canada
introduced EnerGuide, an assessment tool that assesses all aspects of a dwelling, such
as airtightness, insulation levels of the walls and roof, windows, efficiency of heating
and cooling equipment, as well as any other systems relating to the dwelling energy
performance (NRCan 2018). This assessment then results in an EnerGuide label
listing the overall performance rating of the dwelling and a renovation upgrade report.
The performance upgrades in this report will outline the retrofit upgrades needed to
meet a higher or even the best Energy Star rating (NRCan. 2018). Other studies have
used this evaluation and design guide toward the deep retrofit of existing houses in
Canada.

To achieve net-zero operation, other standards that target a higher level of
sustainability than the current building code regulations (which have not been
adjusted yet to align with government climate goals) must be utilised. Design
standards for new construction, such as the ones developed by the Passivhaus Institute
(PHI), are available. Energy standards toward deep retrofit of existing buildings are
less prevalent, although standards such as EnerPHit have created retrofit guidelines
for deep retrofits (Mohammadpourkarbasi, Riddle et al. 2023). The EnerPHit standard
uses the same criteria as the Passivhaus standard; however, certain relaxations have
been incorporated for retrofitting. These relaxations account for some common
difficulties associated with converting existing buildings, such as air tightness and
implementing passive strategies (Mohammadpourkarbasi, Riddle et al. 2023). The
Enerphit standard can be achieved through two different methodologies: either heating
demand, which is based on limits in terms of space heating demand, or the component
methods, which are based on limits in terms of U-values.

2.2. PREVIOUS STUDY ON EMBODIED CARBON APPLIED TO RETROFIT

Although design standards such as EnerPHit outline reducing operational carbon
through building standards and retrofit strategies, other factors contribute to annual
global carbon emissions, such as embodied carbon of materials and building systems.
Life cycle analysis (LCA) is a method of analysing the impact materials have on the
environment over their life cycle, this includes the associated carbon from the material
extraction, operational, and disposal phases. The embodied carbon of a material is
comprised of the carbon emitted throughout the LCA phases over the product lifespan
(Finnveden, Potting 2014). A holistic approach must be taken to determine what will
best contribute to the reduction of annual carbon emissions in Canada; this includes an
LCA of the proposed retrofit to determine the total embodied carbon of the retrofit
components from material extraction to disposal.

Research by the University of British Columbia determined that the most common
approach used for LCA is the cradle-to-grave system, which considers emissions of
the manufacturing operational and disposal stages. This approach disregards
emissions from the transportation and construction stages as previous literature has
deemed it insignificant (Zhang, Hewage et al. 2021) (Feng, Liyanage et al. 2020);
however, One Click LCA considers these phases within their calculations.
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Previous studies that assessed the LCA of residential housing in Canada chose
typologies that exhibited the highest potential for improving energy efficiency by
adding a deep retrofit. These were houses erected between 1970-1979 and 1980-1999
and considered the age of construction, energy source and equipment, airtightness,
and insulation to be the highest source of emissions associated with buildings
(Prabatha, Hewage et al. 2020) (Wu, Mavromatidis et al. 2017) (Zhang, Hewage et al.
2021). This literature is one example of LCA studies on modern building typologies,
indicating a need for additional research on older housing.

Studies on LCA conducted in the United Kingdom possessed a similar archetype and
age to 19th to early 20th-century homes in southern Ontario. The LCA assessment of
six retrofit scenarios of varying levels revealed that EnerPHit plus with naturally
derived materials had the lowest impact on the environment compared to other
strategies that utilised petrochemically derived materials. The utilisation of a deep
retrofit strategy using EnerPHit was shown to contain higher levels of embodied
carbon compared to shallow retrofits. However, the impact of EnerPHit standards
over 60 years showed substantial energy savings compared to other strategies
(Mohammadpourkarbasi, Riddle et al. 2023). This shows that although an invasive
approach to retrofit contains higher embodied carbon values, the energy savings
throughout the lifespan of the building make it an option to contribute to meeting
Canada's 2050 net-zero target.

Using a shallow retrofit strategy over the 60-year period yielded results three times
higher than those found using EnerPHit plus with naturally derived materials; the
study notes that using heat pumps doubled the carbon impact. Results found that
strategies without heat pumps and solar panels yielded lower operational carbon
values; however, the addition of these systems increased the embodied carbon of the
retrofit; nevertheless, when utilised, the operational carbon was anywhere from 2.6 to
6.4 times lower than the embodied carbon energy per year. The study also outlined
that the use of more insulation and naturally derived materials was beneficial in
reducing whole-life carbon, rather than the shallow retrofit with renewable or more
efficient technologies; however, when considering future climate conditions and the
need for cooling and ventilation, utilisation of these energy sources could future proof
a retrofit (Mohammadpourkarbasi, Riddle et al. 2023).

Following the Enerphit guidelines, using petrochemical-derived materials may lead to
initially higher embodied carbon; however, when considering the building lifespan,
this approach yields more energy savings. This philosophy also applies to renewable
energy sources, as the future increase in energy demand establishes the importance of
incorporating these technologies in the retrofit strategy despite their additional
embodied carbon. This can be justified as the literature suggests that on-site energy
production is cleaner than renewable energy from the grid (Piccardo, Dodoo et al.
2020). The results found from these studies provide a crucial structure to approaching
the LCA of 19th to early 20th-century homes, and the technologies utilised to create
the most sustainable retrofit package can be incorporated in the analysis of this study.

2.3. GAP IN THE LITERATURE

Although research has been completed on the deep retrofit of historic Canadian homes
dating back to the 19th century, and LCA studies on the deep retrofit of the existing
housing stock in Canada, current research has yet to directly assess the LCA of a deep
retrofit of this housing typology. This study aims to determine whether the deep
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retrofit of 19th to early 20th-century homes in southern Ontario to EnerPHit standards
will positively contribute to meeting Canada's 2050 net-zero goal or if the embodied
emissions associated with a retrofit of this magnitude will outweigh the payback
period for this strategy to be beneficial.

3. Materials and Methods

A case study approach was employed to compare the whole-life carbon emissions of
19th to early 20th-century homes in Southern Ontario under two scenarios: a non-
retrofit baseline and a retrofit scenario meeting the EnerPHit standard. This approach
has been used for a similar purpose by many researchers to compare different
approaches  of  refurbishment options and their effect on LCA
(Mohammadpourkarbasi, Riddle et al. 2023).

3.1. CASE STUDY SELECTION

The Baseline model for this study is a 381 sq.m gothic revival home built in 1856,
located in Branford, Ontario. It should be noted that the size of this house is larger
than the average house of this typology in Ontario (see Figure 2). The case study was
chosen due to its age, well-maintained condition, materiality, building fabric,
structural system, and building components, all of which make it representative of
typical 19th- to early 20th-century homes in Southern Ontario. The structural
components of the house follow the principles commonly found with this housing
typology. The model contains a triple-layer interlocking brick foundation, and a floor
made of one course of brick. Above grade walls is a double brick fagade with a
thickness of 150mm and utilizes the fabric components of this construction type. The
interior walls contain a 25mm air gap, 1200mm lumber studs, and lath and plaster. The
roof is made of rough-cut wood joists covered with wood planks and sealed with an
asphalt membrane and shingles, and the floor structure is built up of rough-cut wood
joists bearing on an intermittent rough-cut log.

1 ]
=

Figure 2: Base model existing Floor plans. (King Homes Inc., Mancini 2022).
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3.2. OPERATIONAL CARBON MODELING

Energy consumption and building performance have been analysed using HOT2000
software. The energy simulations were performed for both; a non-retrofit baseline and
a retrofit scenario that adheres to the EnerPHit standard, HOT2000 software has been
sourced from Natural Resources Canada (NRCan 2018), and as previously mentioned,
has been used in other studies for the analysis of an energy model for deep retrofit in
Canada. Other studies that have looked at LCA studies, such as those by the
University of Liverpool by (Mohammadpourkarbasi, Riddle et al. 2023) utilised SAP
10.0 in conjunction with One Click LCA, however, as this is a UK-based software,
the conclusion of using an energy simulation tool with a north American derived
database was justifiable to achieve the most accurate results. As HOT2000 is an
industry standard for energy simulation in Canada, selections within the software
include the option for EnerGuid rated products, this will be a key component during
the analysis of the deep retrofit.

3.3. RETROFIT SOLUTIONS

The retrofit strategy has been adopted from previous literature looking at deep retrofit
and new construction (Mohammadpourkarbasi, Riddle et al. 2023) (Prabatha, Hewage
et al. 2020). studies that completed deep retrofit strategies using EnerPHit and
EnerGuide on housing typologies constructed within the 19th to early 20th century
took a holistic approach to retrofit these houses, with upgrades to air tightness,
insulation, HVAC systems, and windows and doors being the most beneficial changes
to this typology (Mohammadpourkarbasi, Riddle et al. 2023). As mentioned in the
literature review, the EnerPHit standard uses the same criteria as the Passivhaus
standard, but with relaxations incorporated for retrofitting. Previous literature suggests
the utilization of EnerPHit resulted in significant energy savings under similar climate
conditions (Mohammadpourkarbasi, Riddle et al. 2023) Criteria to achieve Enerhphit
Standard through the building component method are outlined in Table 1 below.

TABLE 1: EnerPHit Criteria for the Building Component Method

Opaque envelnE‘ against... Windows (including exterior doors) Ventilation
...ground ...ambient air Overall* Glazing® Solar load®
Insu- Exterior I_Inleriorin Exterior Max. s
Climate | lation [insulation| sulation® | paint’ I\v:ax.heal Solar heat gain | _5P8SMC | heat Mi;, hu-
zone ransfer e iiant solarload | oo |midity re}
according| Max. heat transfer coefficient Cool coefficient (g-value) during very covery
to PHPP (U-value) colours | (Uow instated) cooling 7| rate’
e period rate
[Wi(m?K)] - [W/(m?K)] - [kWh/m?a] %
[ T
Deter- 0 0.30 0.65 0.70 0.80 U,-g*1.0s<0 80%
mined in Ry 0 0.85 1.00 1.10 U,-g*1.6=0
Poia PHPP
Warm- | from : ]
temperate | Project 0.30 0.50 - 1.05(1.10/1.20 Ug-g*2.8s-1 75%
[—— specific |
Warm heating 0.50 0.75 - 1.2511.30]1.40 - 100
and
cooling
degree
days

against 80 %
ground. 0 0.4 e 0 0 0
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Therefore, to achieve the highest energy improvements the retrofit strategy to meet
EnerPHit rating will consist of the adaption of an interior stud wall and vapour barrier
to increase airtightness and reduce condensation and leakage. Increasing insulation to
the exterior walls, foundation, and roof cavity. Upgrading to passive certified
windows. The introduction of An MVHR and air source heat pump. And the use of

on-site renewable energy sources. As seen in table 2.

TABLE 2: Proposed retrofit specifications

Component EnerPHit Retrofit Solution Provided
Standard U-Values
Airtightness 1.0 ach@50 - Self-adhering air barrier (ACL) 1.5ach
Pa -Secondary weather control layer (WCL) @50 Pa*
- Internal continuous membrane connecting to ACL
& WCL
Windows <0.85-1.10 Cascadia Passive approved triple glazed windows R- 0.80
W/m?K 7.7 W/m?K
Walls <0.15 W/m’K 38mm x 180mm Internal cavity wall one-layer R-49=0.12
120mm of sheep wool batt insulation within the studs W/m?K
and additional 120mm of sheep wool batt insulation.
With drywall brackets connecting the gypsum wall
board to the stud.
Floor <0.15 W/m’K | 150mm rigid Insulation under new 100mm concrete | R-40 =0.14
slab With thermal break at wall connection W/m?K
Roof <0.15 W/m?K | Strapped Ceiling with two layers of 120mm of sheep | R-49 =0.12
wool batt insulation. W/m?K
Doors <0.85-1.10 Wescon passive certified Wood exterior doors 0.70
W/m?K W/m?K
Ventilation Whole house Whole house MVHR with a ventilation rate of 30 MVHR
MVHR m?/h per person and a minimum efficiency of 91% ventilation
ventilation (Mohammadpourkarbasi, Riddle et al. 2023) rate of 30
rate of 30 m®/h per
m?/h per person and
person and a a minimum
minimum efficiency
efficiency of of 80%
75%
Heating 25 kw/m*a Air source heat pump 25 kw/m*a
and 10 W/ m? and 10 W/
heating load m? heating
load
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Energy - - -

Demand

* Indicated rating due Restriction of material inventory in HOT2000 software

3.4. WHOLE LIFE CARBON ASSESSMENT

Whole-life carbon assessments were conducted for both scenarios: the existing
building and the EnerPHit retrofit. The scope of this study aims to follow the cradle-
to-grave system, with additional allowances such as transportation and construction,
which One Click LCA offers in addition to manufacturing operational and disposal
stages. This approach will provide a more holistic evaluation of the LCA associated
when attempting to reduce the embodied carbon of the material selection, assuming
that non-petrochemically derived construction materials may be uncommon and
require additional transportation to be utilised in the greater Toronto area. For the
deep retrofit to be declared beneficial in meeting Canada’s 2050 net-zero goals, the
annual energy consumption must result in substantial energy savings that outperform
the sum of operational carbon calculated within the LCA of the retrofit by 2050. If the
amount of embodied carbon surpasses the sum of the operational carbon by 2050, the
deep retrofit strategy will not be considered beneficial in meeting Canada’s 2050 net-
zero goal. Data included in the LCA calculations include the insulation of proposed
materials as well as the disposal of the existing components. Table 3 indicates the
inventory of materials considered in the deep retrofit strategy and quantities used in
HOT2000, and One Click LCA calculations.

Table 3. Inventory of materials considered in the deep retrofit strategy and quantities used in
HOT2000, and One Click LCA calculations

Material Quantities
Material Type Quantity
Self-adhering air barrier (ACL) 582 m2
Secondary weather control layer (WCL) 582 m2
Internal continuous membrane 582 m2
38mm x 180mm Wood Studs 12,152 Kg
120mm Sheep’s Wool Insulation 1,164 m2
150mm Rigid Board Insulation 64 m2
Gypsum Wallboard 582 m2
Ceiling Battens 7,738 Kg
Passive approved triple glazed windows 18 units
passive certified Wood exterior doors 4 units
Concrete 64 m2
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Some of the simulated materials were not available in the Canadian database of the
software; alternative options were used from other countries in those instances. To
ensure the validity of the study it should be noted that material manufacturing
localisation in One Click LCA adjusts the environmental impact of those materials to
account for the differences in electricity production in the country where it's used
(One Click LCA 2025). Therefore, in this scenario, a localisation factor was
implemented for those materials not available in the Canadian database to reflect the
material's impact in the context of the case study location.

4. Results and discussion

4.1. OPERATIONAL CARBON PERFORMANCE COMPARISON OF EXISTING AND
DEEP RETROFITTED SCENARIOS

Figure 3 indicates the reduction of operational carbon emissions with the adaptation of
a deep retrofit strategy using EnerPHit guidelines. The results showed the deep retrofit
strategy emits 11.3 tonnes/year of CO.,e compared to the existing house's 28.1
tonnes/year CO,e. A total reduction in annual operational carbon emissions of 60%
compared to the existing house performance.

Operational carbon emissions

Annual Emissions (tonnes/year) 3 28,1

0 5 10 15 20 25 30

M Existing M Deep Retrofit

Figure 3: Comparison of annual GHG emissions pre and post retrofit over 1 year

Figure 4 shows the reduction of annual energy consumption compared to the baseline
house. The purpose of this comparison is to determine if the switch to an electric-
based heating and ventilation system will have a positive or negative effect on annual
energy consumption, as this is the highest contributor to residential operational carbon
emissions. Annual electricity consumption was reduced by 32% compared to the base
model, although alternative electric-based systems such as an MVHR unit and air
source heat pump were included in the retrofit. The reduction in energy consumption
is associated with a 94% improvement in thermal efficiency and an 85% improvement
in airtightness with the fabric-first approach. The reduction in heat loss through the
envelope reduces stress on the service equipment, allowing for less operational time.

After removing natural gas-based services the total annual energy reduction in kWh
was 94% compared to the baseline consumption values from HOT2000. Other factors
affecting the reduction of annual electricity consumption are the use of Energy Star-
certified appliances which account for 32% of the annual electricity consumption.
And LED lighting accounts for 3.1% of the annual energy consumption. In
comparison, these components accounted for 14% less energy consumption compared
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to the non-retrofitted scenario. These results match outcomes found in the literature,
with studies claiming that the use of electric-based heating and ventilation systems is
sustainably beneficial in areas where the use of suitable energy generation was present
(Prabatha, Hewage et al. 2020), as is evident in the province of Ontario, with 89.5% of
the electricity produced coming from carbon-free sources (Independent Electricity
System Operator 2022).

Annual Energy Consumption Comparison

Total Comparison (KWh) B 71026 121530,3
Natural Gas (KWh) 0_ 110570
Electricity (KWh) 711(?2920:3

0 20000 40000 60000 80000 100000 120000 140000

M Existing W Deep Retrofit

Figure 4: Comparison of annual energy consumption pre and post retrofit over 1 year

4.2. WHOLE-LIFE CARBON ASSESSMENT OF EXISTING AND DEEP RETROFITTED
SCENARIOS

Figure 5 compares the whole life carbon assessment of deep retrofit using EnerPHit
guidelines to the baseline building over a 60-year period. The outcome of these results
determines if a deep retrofit performs better than a non-retrofit scenario and if the
embodied carbon of the necessary upgrades will surpass the operational benefits.
Results showed that the deep retrofit strategy had a total life carbon impact of
111,328.4 kg CO,e compared to the service operation of the base model containing
214,707.1 kg COe, a total carbon reduction of 48% over 60 years.

The whole life cycle assessment revealed that, for the embodied energy, the product
stage and site operation stage are two of the largest emitters (see Figure 6). Each
phase individually contains 69,521 kg CO,e and 17,761 kg CO.e of embodied carbon,
respectively, accounting for 78% of the total embodied carbon. The building materials
and product stage were comprised of materials commonly accessible and used in
retrofit strategies in Ontario. Some naturally derived materials for large quantity
components can be found within southern Ontario, such as recycled sheep wool
insulation. The literature has shown that the use of naturally derived building
materials can reduce embodied carbon by upwards of 68% when including biogenic
carbon storage (Mohammadpourkarbasi, Riddle et al. 2023). For the site operation
stage, data inputs were based on current typical construction equipment necessary for
a deep retrofit, such as the use of gasoline-powered generators for electric equipment,
compressors, and product delivery over an estimated construction duration of 5
months. Literature has shown that reductions in the construction phase can have a key
impact on reducing embodied carbon; therefore, more sustainable strategies should be
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implemented that improve site conditions and utilise more sustainable construction

equipment (Pomponi, Moncaster 2016) (Monahan, Powell 2011).
Another vital phase of embodied carbon was the disposal phase, consid

of this phase (Heisel Felix, Hebel Dirk et al. 2022).

382

ering the
disposal of existing components within the house, this phase contained a total
embodied carbon of 24,046 kg CO.e and accounted for 21.6% of the embodied
carbon. As this study is focused on deep retrofit, this can generally be considered past
the scope of the study; nevertheless, fundamentals of circular economy, such as urban
mining, could be applied to the retrofit strategy to reduce the overall carbon emissions

@ A1-A3 Materials @ A4 Transportation @ A5 Site
@ B1 Use phase B2 Malntenance @ B3 Repair
@ B4 Replacement @ B5 Refurbishment @ B6a Regulated Energy
B6b Unregulated Energy @ B7 Water C1-C4 Module C1-C4 (excl. biogenic carbon)

200k

150k

kg COZe

100k

50k

2 - Not retrofitted 2 - Enerphit

Figure 5: Whole life carbon assessment of existing and deep retrofitted scenarios.

TOTAL kg CO2e - Life-cycle stages

AT-A3 Materials

B4 Replacement

B6a Regulated Energy

€1-C4 Module €1-C4 (excl. biogenic carbon)

70k 75k

Figure 6: Total carbon per Life Cycle Stages over 60 years.
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4.3. CARBON PAYBACK PERIOD

The estimated carbon payback time is the period required for the proposed retrofit to
offset its embodied emissions from the materials and construction phases and, as a
result, reap the benefits of its operational carbon reductions. One way to reduce the
carbon payback period is by including biogenic carbon. Biogenic carbon storage is
carbon biologically stored in materials through the process of photosynthesis; as the
material has absorbed carbon from the atmosphere, it can be considered to reduce the
effects of the climate crisis (Masson Shaun 2023). Based on the data from One Click
LCA and HOT2000, the total embodied carbon is 111,328.4 kg CO2e, and the annual
energy savings are 16,800 kg CO2e per year, resulting in the carbon payback period
of the deep retrofit being 6.8 years, and 5.4 years when including biogenic carbon
storage from the use of natural materials.

4.4. LIMITATIONS:

Limitations in the analysis of the case study pertain to specific areas of construction
that are not directly accessible such as roof cavities, wall cavities, connection points,
fabric below grade, and annual energy consumption. However, assumptions gathered
from literature and previous examples of this housing typology have been made
within the energy model to achieve the most accurate result currently available. Other
limitations include the use of a single case study, further research with multiple case
studies could yield more accurate and detailed results. And lastly, financial
consideration, due to time constraints the cost could not be factored into this study.
Research from (Prabatha et al. 2020) suggests that the economic aspects of a deep
retrofit can significantly influence the strategy's outcome.

4. Conclusion

Canada’s goal of reaching net-zero by 2050 requires the deep retrofit of high-emitting
housing, such as houses constructed within the 19" to early 20th century. This study
investigated the impact of deep retrofitting 19" to early 20th-century homes in
southern Ontario using EnerPHit guidelines, considering a whole-life carbon
assessment.

The proposed retrofit strategy took a fabric-first approach, making significant
improvements to airtightness and thermal performance in combination with electric-
based services such as an air source heat pump and MVHR. The results indicated that
this approach reduced annual operational CO2 emissions of the house by 60%, with a
reduction of annual energy consumption of 32% despite the use of fully electric
service equipment. The results of the whole-life carbon analysis comparing the
existing building to the EnerPHit retrofit scenario revealed a significant reduction in
emissions. Implementing the EnerPHit standard achieved a 48% decrease in carbon
emissions over a 60-year period, with a retrofit carbon payback period of 6.8 years,
which shortens to 5.4 years when accounting for biogenic carbon storage. The
findings highlight the potential of adopting the EnerPHit standard for retrofitting 19th
to early 20th-century homes in contributing to Canada’s net-zero target.
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