
IHEUKWUMERE, O.E. 2022. Analysis of the performance challenges affecting state-owned refineries in Nigeria: a 
systems thinking approach. Robert Gordon University, PhD thesis. Hosted on OpenAIR [online]. Available from: 

https://doi.org/10.48526/rgu-wt-1712811 

 
 
 
 

The author of this thesis retains the right to be identified as such on any occasion in which content from this 
thesis is referenced or re-used. The licence under which this thesis is distributed applies to the text and any 
original images only – re-use of any third-party content must still be cleared with the original copyright holder. 

This document was downloaded from 
https://openair.rgu.ac.uk 

Analysis of the performance challenges affecting 
state-owned refineries in Nigeria: a systems 

thinking approach. 

IHEUKWUMERE, O.E. 

2022 

https://doi.org/10.48526/rgu-wt-1712811


i 
 

 

   

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

ANALYSIS OF THE PERFORMANCE CHALLENGES 

AFFECTING STATE-OWNED REFINERIES IN 

NIGERIA: A SYSTEMS THINKING APPROACH 
 

 

 

BY  

 

OBINNA EMMANUEL IHEUKWUMERE 
 
 

 

 

 

 

 

 

 

 

 

A thesis submitted in partial fulfilment of the requirements of the Robert Gordon 

University for the degree of Doctor of Philosophy 

 

 

 

 

 

 

 

MARCH 2022 

 

 

 

 

 



ii 
 

ABSTRACT 

 

Purpose – This thesis aims to understand how the significant factors that lead to 

performance challenges across Nigeria’s state-owned refineries operationalise to drive their 

sub-optimal performance. As such, unlike previous studies, it sought to develop a decision-

support model to inform policy intervention measures to address the refining problems from 

a holistic viewpoint. 

Design/methodology/approach - Using a literature search, the study identified several 

challenging factors, which it initially categorised within a political, economic, social, 

technical, environmental, and legal (PESTEL) framework. A mixed methods approach 

incorporating the analytical hierarchy process (AHP) validated through interviews was 

applied using a multi-case study research strategy to prioritise and rank the factors 

according to their significance. These factors were used to develop a causal loop model 

based on systems thinking to identify potential leverage points that informed a policy 

intervention framework capable of addressing the performance challenges of the refineries.  

Findings - The result of the study showed that the most significant factors limiting the 

performance of the refineries lie within the political, economic, social, and technical 

(PEST) issues. The leverage points for fixing these issues rests mainly within the political, 

social, and technical factors. As such, the adoption of management efficiency was proposed 

to address the political issues through full deregulation and the introduction of private 

sector partnership with the refineries. Secondly, stakeholder satisfaction through a coherent 

and successful implementation of the recently passed Petroleum Industry Act (PIA) was 

proposed as a social approach to quell communal agitations and safeguard oil infrastructure 

located within the Niger Delta areas. Lastly, the adoption of maintenance best practices 

through a change in the operating philosophy of the refineries was proposed as a technical 

approach to address recurring equipment breakdowns associated with poor maintenance 

culture within the organisation.  

Practical implications - The study argued that the implementation of this framework will 

lead to marginal incremental gains over time that will close the performance gaps across 

the refineries.  

Originality/value - The causal loop model developed in this study alongside the policy 

intervention framework provide a new approach for understanding and resolving the 

performance implications arising from the interdependencies of the causal factors. 

 

Keywords: Nigerian refineries, Capacity utilisation, Systems thinking, Policy 

intervention, Leverage points, PESTEL framework, Productivity and Performance 

Management. 
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CHAPTER ONE: BACKGROUND AND INTRODUCTION 

1.0 Introduction 

 

Presently (2021) there has been a growing pressure on world leaders through various 

organisations such as the United Nations (UN), the European Union (EU), and others 

to shift the world’s energy dependence from fossil fuels to alternative renewable energy 

(Dittmeyer et al., 2019 and Carrara & Massetti, 2014). This is as a result of the 

increasing recognition for climate change due to high carbon emissions from fossil-

based fuels. While this phenomenon is backed by scientific evidence and is deserving 

of responsible actions for control, it is, however, important to recognize that global 

reliance on fossil fuels and alternative energy vary. As the West comprise the heaviest 

users and emitters of fossil fuels due to their heavy industrialisation (Dignon, 1992, and 

Gillis & Popovich, 2017), the rest of the developing world, especially the countries with 

significant deposits of these resources do not only emit relatively less of these pollutants 

but also significantly rely on these resources as their economic mainstay. As such, the 

motives for switching from fossil-based fuels will expectedly vary politically across the 

globe.  

 

Accordingly, it is important to note that aside from the fact that the oil industry 

enormously support millions of people directly and indirectly globally (PWC, 2013), 

the emergence of alternative energy-based transport systems such as electric vehicles 

(EVs) is yet to provide sufficient power to support the global fleet. This is because 

major scientific breakthroughs are yet to establish more reliable ways of powering 

heavy equipment such as aviation engines, marine vessels, heavy-duty generators, and 

industrial machines with alternative fuels (Gross, 2020). Studies from academic 

research and major consultancy organisations such as PWC (2017) and McKinsey 

(2019) recognise that the world will continue to significantly rely on fossil-based energy 

up to 2035 before it begins to gradually taper off from the West with the rest of the 

world coming in at a slower pace.  Hence, the pursuit to net zero targeted by some 

countries in 2050, will be better achieved on a global scale when all oil and gas 

organisations pursue a more responsible path towards the efficient operations and 

optimised use of their existing built assets. The need to continue to improve the 

operational efficiency of these assets, such as oil refineries, including efforts to mitigate 
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their impact on the environment through policy frameworks, highlights the importance 

of this research study.  

1.1 An overview of Nigeria’s state-owned refineries  

Nigeria has four state-owned oil refineries operated by its National Oil Company, the 

Nigerian National Petroleum Corporation (NNPC), with a combined installed capacity 

of 445,000 barrels per stream day (bpsd). The refineries are strategically located across 

the country with various capacities as shown in Table 1.  

Table 1 Nigerian refineries, locations, and year of commission. NNPC (2018). 

Refinery Name Location  Capacity (bpsd) Year of 

Commission 

Port Harcourt Refining Company I 

(PHRC-I) 

 Rivers State 60,000 1965 

Warri Refining and Petrochemical 

Company (WRPC) 

Delta State  125,000 1978 

Kaduna Refining and 

Petrochemical Company (KRPC) 

Kaduna State 110,000 1980 

Port Harcourt Refining Company II 

(PHRC-II) 

Rivers State 150,000 1989 

Total Capacity  445,000  
 

Presently, these refineries have sufficient theoretical installed capacity to meet at least 

60% of Nigeria’s 630,000 – 700,000 b/d demand for refined petroleum products (RPPs) 

(Siddig et al., 2014; Ogbuigwe, 2018; Iheukwumere et al., 2020). Unfortunately, 

capacity utilisation (ratio of actual production to installed capacity) across the refineries 

have dropped to sub-20% levels across the period from 2015 - 2020 due to gross neglect 

and mismanagement resulting in Nigeria becoming significantly reliant on imports of 

Refined Petroleum Products (RPPS) for its domestic energy needs (NNPC ASB, 2015 

- 2020). This is particularly worrisome as Nigeria’s downstream sector, mainly the 

refining sector consistently generates less than 1% of the country’s Gross Domestic 

Product (GDP) unlike the upstream sector, which contributes up to 10% of the nation’s 

GPD (Omoregie, 2018; NBS, 2020; Siddig et al., 2014; Wapner, 2017). Despite the 

various measures (discussed in Section 2.5) undertaken since 2001 by the government 

to address this problem, a solution has remained elusive, necessitating another approach 

to the problem. Expectedly, this development has attracted the attention of various 

scholars from different backgrounds, each applying a different reductionist approach to 

the study and analysis of the problem (see discussions in Section 2.9). None of these 

https://nigerianstat.gov.ng/elibrary
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studies have attempted to examine these problems from a holistic viewpoint, which can 

be argued for on the basis that the formulation of any meaningful solution for this 

problem requires a careful identification of all the significant factors that interact to 

generate such a level of inefficiency. Hence, this study attempts to bridge this research 

gap by examining all the factors leading to the performance challenges of the refineries 

from a holistic viewpoint. 

 

To achieve this, the study adopted a framework that incorporates a multi-faceted 

approach covering Political, Economic, Social, Technical, Environmental and Legal 

(PESTEL) factors to categorise the identified challenges. This is because the identified 

factors affecting the performance of the refineries were found to cut across these areas 

(Ogbuigwe, 2018; Nkaginieme, 2005; and Iheukwumere et al., 2021). In addition, 

PESTEL provides a more comprehensive framework over other tools such as Strengths, 

Weaknesses, Opportunities and Threats (SWOT) for analysing the challenges of the 

refineries (see discussions in Section 3.9). The idea is to understand how these factors 

interplay to drive the inefficiency in the management of the Nigerian refining sector. 

This understanding is essential to help develop an effective decision-making model for 

policymakers while seeking to address the problems of the refineries.  

1.2 Problem Statement 

The problem statement of this study is focused on the performance challenges of the 

factors affecting Nigeria’s state-owned refineries from a holistic viewpoint. This will 

help bridge the gap in previous studies that have only attempted to resolve these issues 

as isolated cases without any attempt to study their causal interrelationships. Some of 

these performance challenges are framed under the following categories: 

1.2.1 Poor capacity utilisation 
 

With its 445,000 b/d refining capacity, Nigeria has the potential to satisfy at least 60% 

of its 630,000 - 700,000 b/d local demand for RPPs (Ogbuigwe, 2018 and Iheukwumere 

et al., 2020). Unfortunately, the sub-optimal performance of NNPC refineries has made 

this impossible due to their declining capacity utilisation. Records from NNPC Annual 

Statistical Bulletins show that the capacity utilisation of the refineries has fallen from 

about 60% to less than 20% in the last twenty years since 2001 as shown in Fig 1 (NNPC 

ASB, 2001 – 2019). This is uneconomical and has led to significant imports of RPPs 

into the country which is detrimental to the national economy.  
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Source: Author, adapted from NNPC ASB 2001 – 2019. 
 

 

Fig 1 shows that utilisation rates at KRPC and WRPC were at zero level during the year 

2007. This is because of the breakage of the Escravos-Warri pipelines (which supply 

the refineries) occasioned by attacks from vandals (NNPC ASB, 2008). In addition, the 

overall production levels of the refineries do not compare well with the case for similar 

economies in Africa such as Egypt, Angola, and South Africa. Figure 2 shows a 

comparison of Nigeria’s refinery capacity utilisation for the period 2014 – 2018, with 

Angola, Egypt and South Africa, which are among the top African Economies 

(Oyekunle, 2019). From the figure, it can be observed that Nigeria’s refinery capacity 

utilisation is the lowest when compared to its peer countries.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: OPEC Annual statistical bulletin, 2019 

 

Furthermore, Nigeria appears to also have the least per capita refining capacity amongst 

OPEC member countries with only about 0.04 locally refined barrels of petroleum 
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Figure 1 Combined capacity utilisation of Nigerian refineries, NNPC ASB (2001 -2018). 

 

Figure 2 Refinery capacity utilisation of top African economies. 
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products for every 1000 persons in the country for 2019, which pales in comparison to 

that of Libya, Algeria, Saudi Arabia, and Kuwait (to mention but a few) with 9, 15, 75 

and 200 barrels per 1000 persons respectively as shown in Fig 3. Although it can be 

argued that Nigeria’s population is much higher than these countries, its figure for per 

capita refining capacity is significantly much less than expected by analysts (PWC 

2017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author, adapted from OPEC Annual statistical bulletin, 2019 
 

In addition, Nigeria’s oil production of 1.74m b/d in 2019, was nearly 5% of OPEC’s 

35.6m b/d, whereas its average refining output to OPEC’s total has declined from 3.3% 

to less than 0.2% in the last 20 years as shown in Fig 4 (OPEC ASB, 2001 – 2019).  

 

 

 

 

 

 

 

 

 

 

Source: Author, adapted from OPEC ASB 2001 – 2019 
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Figure 4 Nigeria's percentage refining output to OPEC's total, 2001 - 2019  
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This is clearly the reason behind the rising imports of Nigeria’s refined petroleum 

products since the early 1990s, which has further contributed to the weakening of the 

economy. This is because refined oil imports accounts for more than 30% of foreign 

exchange demand in Nigeria, which puts enormous pressure on the local currency and 

harms the Nigerian economy in turn (Omoregie, 2019). 

1.2.2 Production vs Imports of Refined Petroleum Products (RPPs) in Nigeria. 
 

The low-capacity utilisation across state-owned refineries in Nigeria informs their low 

production output and as such leads to increased pressure for imports. RPPs imported 

in Nigeria are mainly: Premium Motor Spirit (PMS) popularly known as petrol; Dual 

Purpose Kerosene (DPK), known as Kerosene; and Automotive Gas Oil (AGO) 

commonly referred to as diesel. There are a few other products in moderate to minimal 

demand such as Aviation Turbine Kerosene (ATK) locally known as Aviation Fuel; 

Low Pour Fuel Oil (LPFO); Base Oil and Bitumen. Unfortunately, there is scant 

historical data about the detailed consumption of these moderately demanded products 

in Nigeria. The relative lack of data for these moderately demanded products do not 

present any challenge for this study as there is sufficient data for the main products 

(PMS, AGO and DPK) from the refineries.   

 

Presently, the import figures for these products (PMS, AGO and DPK) have remained 

significantly high in the last decade as shown in Table 2.  
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Table 2 Import versus local production volumes for refined petroleum products in Nigeria (Litres). 

Year 

Import Records Production Records 
% 
Imports 

Import Records 
Production 
Records 

% 
Imports 

Import Records 
Production 
Records 

% 
Imports Petrol (Litres) Diesel* (Litres) Household Kerosene (Litres) 

2010 
  
15,961,278,917.00  1,148,800,451.54 93.29 

      
3,032,555,360.00  1,299,068,721.38 70.01 

  
1,863,074,838.00  829,055,748.07 69.20 

2011 
  
20,489,006,536.02  1,611,279,865.13 92.71 

      
2,392,413,699.72  1,416,294,623.00 62.81 

  
1,813,335,339.20  914,248,338.68 66.48 

2012 
  
15,219,858,496.68  1,161,143,364.20 92.91 

      
2,099,774,147.52  1,171,019,517.00 64.20 

  
2,160,077,538.08  734,836,404.33 74.62 

2013 
  
16,616,098,068.30  1,361,897,160.51 92.42 

      
2,495,511,496.08  1,194,887,171.00 67.62 

  
2,632,329,786.24  887,449,739.15 74.79 

2014 
  
18,110,829,530.52  674,975,574.49 96.41 

      
3,786,763,037.40  1,156,913,283.00 76.60 

  
2,853,546,104.64  576,571,023.10 83.19 

2015 
  
17,960,783,002.20  377,896,000.22 97.94 

      
4,395,841,099.56  276,002,000.00 94.09 

  
1,885,162,639.36  201,567,000.13 90.34 

2016 18,180,247,870.62 800,102,983.32 95.78 
      
4,461,980,149.92  985,551,350.00 81.91 

     
595,481,532.80  516,330,202.08 53.56 

2017 16,709,992,689.06 927,572,322.00 94.74 
      
4,249,311,529.92  1,038,747,125.00 80.36 

     
326,904,707.36  689,391,662.00 32.17 

2018 19,647,782,753.24 745,720,418.00 96.34 
      
4,424,817,932.53  378,359,544.00 92.12 

     
317,461,912.35  332,567,020.00 48.84 

 
Average 94.73   76.64   65.91 

*Diesel records excludes those from the privately owned Niger Delta Petroleum refinery. 

 Source: Data combined by Author from DPR publications, Pgs 82 and 88

https://www.dpr.gov.ng/wp-content/uploads/2020/01/2018-NOGIAR-1.pdf
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It is clear from Table 2, that the ratio of percentage imports for PMS, AGO and DPK averages 

above 90%, 75% and 65% respectively to their local production, which is unhelpful for the 

Nigerian economy. Odutola (2020) observed that records from Nigeria’s national bureau of 

statistics (NBS) show that the value of RPPs imported by Nigeria stood at N2.52 trillion naira 

(more than USD 6 billion) for the period between January to September 2021, which 

significantly contributed to Nigeria’s growing trade deficits. 

 

However, it is important to note that the importation of these products is carried out across 

three market segments in Nigeria. As a group, Independent marketers (essentially non-branded 

private companies) imported 45% of the products while NNPC and Major marketers (branded 

public or private companies) imported 42% and 13%, respectively (DPR ASB 2017). This 

arrangement in which the Independent and Major marketers control a combined higher share 

of the import market was considered one of the reasons why subsidy payments ballooned since 

2012 (Bazilian and Onyeji, 2012; and Siddig et al., 2014). As a result, the government, in 2018, 

suspended product imports by Independent and Major markerters and willed the rights solely 

to NNPC.  However, this initiative was halted in 2020 with the govermment re-issuing import 

license to independent and major marketers once again. The reasons behind this decision 

remains unclear (Nnodim, 2020). 
 

1.2.3 Petroleum Subsidy in Nigeria 
 

Imported petroleum products in Nigeria have long been subsidised by the federal government 

through its agency - the Petroleum Product Pricing and Regulatory Agency (PPPRA). 

According to Siddig et al., (2014), PPPRA makes regular determination of subsidy payments 

by estimating the difference between the expected price of imported products, including 

margins and the establshed local pump price of refined petroleum products (RPPs). This way, 

the government is able to maintain a stable price for RPPs in the country. Unfortunately,  the 

cost of maintaining petroleum subsidy payments in Nigeria has increasingly become 

unsustainable over the years. This is because Nigeria spends between US $3 - 5bn per annum 

to subsidise imported RPPs for local consumption (Akinola, 2018). In 2012, the figure was US 

$5.6 bn and constituted 20% of the federal budget for the year, while in 2017 it was US $3.85bn, 

a quarter of the total government revenue for that year (Financial Times, 2018; Umar and Umar, 

2013). Clearly, this is a considerable burden on the country’s financial budget.  
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Some studies have identified courruption and bad governance as the main drivers for Nigeria’s 

worsening subsidy situation, while proposing reforms that embrace accountability and 

transparency as solutions (Stober, 2016; Akanle, Adebayo & Adetayo 2014). These 

recommendations appear to be logical in the face of the growing evidence of product diversion 

to neighbouring countries, where Nigeria’s subsidised petroleum products are sold in the black 

market by oil cabals (Financial Times, 2018). The agents who collude to perpetrate these 

crimes are incentivised by the higher margins they make by selling these products at higher 

prices across the border as opposed to selling them within the country (Siddig et al., 2014 and 

Lewis, 1996). This development has led some scholars to argue that Nigeria’s petroleum 

subsidy does not constitute an effective policy for poverty reduction but rather serve as a tool 

for enriching the corrupt cabal who control Nigeria’s fuel imports (Chikwe, 2016; Siddig et al., 

2014 and Umar and Umar, 2013).  

 

Since the non-performance of Nigeria’s refineries is shown to contribute to growing subsidy 

payments by the government, which is detrimental to the economy, this study will evaluate the 

impact (if any) of subsidy payments on the performance of the refineries.  

1.2.4 Escalating operating costs. 
 

Despite their poor capacity utilisation, the operating costs of the NNPC refineries have steadily 

increased. Operating costs for refineries are usually measured in USD/barrel and are normally 

of two categories: fixed costs (any costs that do not vary with throughput such as labour and 

equipment costs) and variable costs (any costs that depends on the level of throughput such as 

energy, catalysts, and chemicals). According to a 2020 audit report by NNPC, the refineries 

registered a combined operational expenses of 142bn naira (US $367mn) between June 2019 

and June 2020 without processing a single barrel of crude oil. NNPC excuses this as costs 

accrued due to the ongoing revamping of the refineries since 2019. However, a previous audit 

report published for the first time in 43 years by NNPC, showed that the four refineries’ costs 

totalled N1.64trn (US $4.28bn) in the five years between 2014 and 2018 while overall average 

capacity utilisation was below 20% (Udo, 2020).   

 

Such high costs represent more than US $70 per barrel for the circa 60.9m barrels of mostly 

PMS, AGO and DPK produced by the refineries in those four years (NNPC ASB 2014 – 2018). 

On the other hand, IEA ETSAP (2014) data show that the average operating costs in the ten 

years between 1999 and 2009 for refineries in the US Gulf Coast was only about US $3.30 per 
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barrel. For Mediterranean Europe, it was US $4.00 per barrel, while for Asia, the figure was 

only US $3.00 per barrel. These figures are significantly much lower than the figures for 

Nigeria, hence indicating that Nigeria’s refineries spend approximately 2,200% more to refine 

a single barrel of oil than their global counterparts. 

1.2.5 Damage to the Environment 

 

The shortage in local supply of refined petroleum products in Nigeria has given rise to illegal 

artisanal refining activities in the Niger Delta region. This practice is often carried out by the 

locals who break into oil company’s pipelines, siphoning all or most of the products away and 

transporting them to their local refining hubs with barges or local boats (Ikelegbe, 2005 and 

Boris, 2015). From there, the products are primitively subjected to heating to vaporize it at 

elevated temperatures allowing certain range of product-mix to emerge as crudely refined 

petroleum products mostly sold in the black markets. Figure 5 shows examples of some of the 

environmental damage that results from these practices. 

. 

  

 

 

 

 

 

 

 

 

Source: Galaxy TV and Defence web. 

 

This practice frequently results in the production of heavy smokes and sometimes accidental 

bush fires which often kill the artisans themselves and damage the local ecology (Boris, 2015; 

Asimiea & Omokhua, 2013 and CNN, 2010). There have been some calls from researchers to 

review and legalise this practice or convert these facilities to modular refineries (Umukoro, 

2018 and Angela et al., 2019). The argument from these researchers appears reasonable since 

these facilities will help boost local production of RPPs and increase employment opportunities 

in the region. However, this argument has been hard to win given other efforts the government 

is making to encourage local industries to invest in small-to-medium scale modular refineries 

(Iheukwumere et al., 2020 and Nkaginieme, 2005). Although a laudable initiative, most of the 

Figure 5: Pictures showing environmental damage from illegal/artisanal refining activities 
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companies already licensed to build these facilities appear to be struggling to do so. 

Iheukwumere et al. (2020) outlined some of the challenges encountered by these companies 

and recommended a review of the licensing scheme. Indeed, any steps taken to address the 

refining problems in Nigeria will in turn contribute towards the reduction of petroleum-induced 

environmental damage due to illegal crude oil refining. 

1.2.6 Missed Economic Opportunities 
 

With more than 80% volume of RPPs consumed in Nigeria imported from foreign countries, 

there is a clear incentive for investment into Nigeria's downstream sector towards the 

revitalization of its ailing refineries and/or the building of additional refining capacity 

(Ogbuigwe, 2018, and PWC, 2017).  According to projections from McKinsey and Company 

(2019), while developed nations are likely to see a decline of about 0.3% per annum in demand 

for RPPs up to 2035, developing countries in Africa, Asia and Latin America will likely 

continue to see a general rise in demand of about 2% per annum up to 2035. Ogbuigwe (2018) 

suggests a Nigerian growth rate of 3% per annum based on previous trends. This is quite 

remarkable and promises great opportunities for investments. In addition, PwC (2017) 

identified large economic potential for RPPs in Nigeria’s West African neighbours and 

estimates a gap of 39 billion litres (245.3m barrels) annual demand, which exceeds the local 

production capacity of the other regional refineries in Ivory Coast, Gabon, and Senegal. 

 

Such a gap presents an opportunity for Nigeria, Africa’s largest oil producer, to leverage on 

and maximize its benefits from the petroleum resources. It is important to note that some state-

run refineries in other countries have made important gains through such international 

operations. For example, Petrobras (Brazil) owns a 100,000-bpd refinery each in Texas, US 

and Okinawa, Japan, and another 30,000-bpd in Bahai Blanca, Argentina. Saudi Aramco (Saudi 

Arabia) owns about 1.2mn bpd refining capacity via joint ventures and outright ownership in 

US, Japan, and South Korea, while Kuwait Petroleum International (KPI) owns about 200,000 

bpd refining capacity in Vietnam and Italy altogether (Oil and Energy Trends, 2019). NNPC 

can strategically achieve the same success regionally if well positioned to capture these 

markets. 
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From the foregoing, it can be argued that a contextualisation of the challenges of the NNPC 

refineries would reveal that the issues are sufficiently complex and multifaceted, requiring a 

thorough understanding of how they operationalise to derive their low productivities. Ito et al. 

(2021) suggest that the production problems experienced by sector-specific industries are 

usually masked by fundamental root causes. The researchers further argue that the 

understanding of these root causes require a prioritization of their causal factors to develop 

effective solutions. This notion supports the findings of previous studies that a lack of 

understanding of specific root causes of organisational issues often result to the treatment of 

their problem symptoms that end up setting off unintended consequences that eventually 

compound the issues (Senge, 1990; Goodman, 1991; and Meadows, 2008). In addition, Baldoni 

(2008) acknowledged the dangers of management misdiagnosis of complex organisational 

problems and cautioned of their costly consequences. For example, significant time and 

resources could be wasted by organisations that fail to address specific industry issues and 

result to the implementation of wrong policies that do not achieve any desired outcomes. 

Studies show that such consequences are also common across multiple sectors. For example, 

in the health sector, Muhrer (2021) show that wrong diagnosis of underlying medical problems 

result to prescriptions of incorrect treatments with debilitating health consequences. In 

education, Ingersoll (2002) recount the dangerous impact of misunderstanding the root causes 

of high teacher turnover in the US in the late 90s and the failure of its resulting policies to 

effectively address the issue. In the energy sector, Zhu et al. (2020) highlight the importance 

of developing broader awareness of underlying systemic issues in the Norwegian oil and gas 

industry to preclude unwanted and costly solutions.  

How then can the fundamental issues underlying the challenges of the NNPC refineries be 

ascertained and resolved? Spradlin (2012) and Baldoni (2008) recommend asking specific 

questions as opposed to describing the problems in more generic terms. This is because generic 

problem description is a precursor to wrong decision-making informed by a lack of deeper 

understanding (Spradlin, 2012). It is therefore logical to break down the challenges of the 

refineries from the broad categories already outlined to their specific causes to enhance a deeper 

understanding of their fundamental modes of operation. It is on this basis that the following 

research questions are proposed to guide this study: 

1. What are the specific factors that drive the low productivity of the NNPC refineries? 

2. How can these factors be prioritised such that effective decision making can be 

inferred? 
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3. How do these factors significantly interrelate and how can these be modelled? 

4. How can these analyses produce outcomes that will guide policymakers to inform 

solutions that will improve future practice in Nigeria’s refining industry? 

 

These questions are intended to provide some boundaries that will afford the opportunity for a 

systemic view of the problems. 

1.3 Research Aims and Objectives 

 

The purpose of this research is to develop a model that takes into consideration all the 

significant factors that drive sub-optimal performance across Nigeria’s refineries. The 

proposed model is expected to enhance decision-making processes through a framework that 

will guide Nigerian policymakers regarding efficiency improvement across the refineries. 

Consequently, the aims of this research are broken into two steps: 

 

1. To explore the challenges of the Nigerian crude oil refining industry with a view of 

understanding the causal interrelationships of the factors that affect its performance.    

2. To develop a model that will provide the basis for a policy intervention framework to 

guide Nigerian policymakers for addressing the challenges of the refineries. 

  

These aims will be achieved through the following objectives. 

1. To critically review the measures undertaken by the Nigerian government in addressing 

the challenges of the crude oil refining sector. 

2. To establish and evaluate the significant factors across various categories that 

contribute to inefficiency in Nigeria’s oil refining sector. 

3. To develop and validate a model that will enhance the understanding of systemic 

interrelationships of the significant factors affecting the refineries’ performance. 

4. To use this model to inform a policy intervention framework for addressing the refinery 

challenges. 

1.4 Research Methodology Employed  

 

An overview of the research methodology for this study is presented in this section as an 

introductory guide for this thesis. Further details of the research methodology are discussed in 

Chapter Four of this study.  
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To address the research objectives, it was considered necessary to adopt a suitable research 

approach that will enable the researcher to obtain sufficient reliable data, which will allow for 

detailed analysis and interpretation of findings. To this end, this study began with an extensive 

literature review to understand the broader challenges of Nigerian refineries and how they 

interweave with government policies within the Nigerian petroleum sector. This literature 

review allowed the researcher to become grounded in the general knowledge, challenges, and 

theories around the Nigerian petroleum sector. It also provided the researcher with the 

opportunity to identify gaps, conflicts, and inconsistencies on existing literature within the 

research area, hence guiding how this study can help address some of these gaps with 

appropriate theoretical framework (Hart, 2018; Saunders et al., 2016 and Bryman, 2011). 

The literature review informed the adoption of a pragmatic research paradigm, which would 

allow the researcher some flexibility to access as much data from Nigeria’s refineries. 

 

A mixed-methods approach was adopted in a multiple case study involving the all the NNPC 

refineries (PHRC I&II, WRPC & KRPC) to collect both quantitative and qualitative data 

sequentially in this study. This decision was informed by the experience of Jesuleye (2007) and 

Badmus et al (2013) who had some difficulties regarding data collection from the NNPC 

refineries using one method of enquiry. As such, the researcher considered a two-pronged 

enquiry approach in which one method validates the other as is the case for mixed methods, a 

more effective approach to counter this challenge (Creswell, 2003).  According to Bryman 

(2011), a mixed methods research approach affords a researcher the flexibility to incorporate 

different research strategies to answer the relevant research questions. To this end, this study 

employed an online questionnaire survey to sample the expert opinions of relevant stakeholders 

in the industry regarding the performance challenges experienced across the NNPC refineries. 

A semi-structured interview was subsequently adopted to investigate further and to validate the 

findings of the questionnaire.  

1.5 Scope of the Study 

This study is focused on achieving performance improvement across Nigeria’s state-owned 

refineries. The thesis is presented as an academic research study based on primary data obtained 

from the professionals who work in these refineries. The outcome of the thesis is expected to 

assist Nigerian policymakers towards efficiency improvements on the refineries. The Nigerian 

public would also benefit from this study through the resulting optimised use of the state oil 

refineries which would potentially make the supply of refined oil products readily available.   
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As an academic research, the study was limited to a four-year research timeline based on 

available literature from academic sources, government, and industry documents, including 

data obtained from experts who work in this industry in Nigeria.  The methodology employed 

for this study is limited to the knowledge and resources available to the researcher. The 

reliability of the study was improved through a pilot test carried out on a sample of 25 experts 

from the target industry representing about 10% of the sample target.   

1.6 Research Significance 

Previously the interdependencies of the factors that drive inefficiency across Nigeria’s state-

owned refineries has been unexplored. This study helps to improve the understanding of these 

interrelationships with a view of identifying potential leverage points where policy intervention 

can be applied to improve performance in this industry. The findings of this study will 

potentially ensure the efficient use of Nigeria’s oil refining infrastructure which can be 

beneficial to the national economy through reduced importation of RPPs. The study is also 

expected to benefit the Nigerian ecological environment through recommendations that would 

reduce environmental impact due to social issues related to pipeline vandalization, illegal oil 

refining and wastage of oil resources through spillage.  In addition, the approach developed by 

this study will potentially contribute to improved decision making within the management of 

Nigeria’s oil refining industry.  

1.7 Research Limitations  

Saunders et al. (2019) acknowledged that it is common for researchers to confront some 

limitations in their research process. The limitations encountered in this study are presented in 

this section. 

 

Some of the materials used for this study were of non-academic sources as the lack of relevant 

data from academic sources regarding aspects of this research were compensated by those from 

reputable research and consultancy organisations, industry reports and source documents, and 

in some cases, reports from reputable news sources. This research also encountered time and 

resource constraints, including those presented by the pandemic for the researcher and the 

target organisation. As a result, this study was carried out using online questionnaires and 

telephone interviews. This approach does not constitute a barrier to the effectiveness of this 

study as these modes of data collection has been proven effective for carrying out reliable 

studies in management sciences (Bryman, 2012 and Saunders et al., 2019). In addition, since 

this study was self-sponsored without the formal sanction of the NNPC, a high level of 
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cooperation was difficult to establish between the researcher and the senior management of the 

organisation, some of whom claimed busy schedule as reason for being unable to participate in 

data collection. However, the researcher overcame this challenge by identifying key middle to 

senior level officials in the organisation through his contacts at the refineries to obtain reliable 

data which were also validated for this study. 

Lastly, this study adopted the concept of systems thinking for building causal loop diagrams to 

model the interrelationships of the factors generating inefficiency in the refineries. A future 

study will benefit from this model to simulate the effects of dynamic changes in the factors 

established in this study on actual production performance of the refineries.  

1.8 Originality and contribution 

This study sought to establish the causal interrelationships amongst the significant factors 

driving sub-optimal performance across the NNPC refineries. It fills the gap in literature by 

showing how these factors operationalise to produce underperformance in terms of production 

from the refineries.  Unlike previous studies in this area which have adopted reductionist 

approaches, it adopted a multifaceted approach to examine these issues from a holistic 

viewpoint. Consequently, it proposed three approaches based on political, social, and technical 

issues to inform a policy intervention framework to address the problems of the refineries.  

It argues that the implementation of the framework developed from this study (See section 6.8, 

Figure 50) will lead to marginal gains over time to close the performance gaps across the 

refineries.  

1.9 Thesis Structure 

This research is presented in Eight Chapters for clarity and ease of comprehension. The 

chapters are outlined as follows:  

a. Chapter One:  Introduced the background of the study, including the problem 

statements, scope, significance, limitations as well as the research aims and objectives.  

b. Chapter Two: Presented the context of the study in a literature review by discussing 

the Nigerian oil and gas industry as it pertains to this study, including the challenges of 

all the state-owned refineries.  

c. Chapter Three: Presented the underpinning theory of the research and its conceptual 

framework bordering on systems thinking. 
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d. Chapter Four: Outlined the detailed methodology employed by this study. It covers 

the quantitative and qualitative data collection (mixed methods) approach employed 

and also discussed the concept of the analytical hierarchy process.  

e. Chapter Five: Discussed the detail of data collection and analyses based on the mixed 

methods identified in Chapter Four.  

f. Chapter Six: Discussed the process for model development and validation based on 

the concept of systems thinking using the causal loop diagram as a tool to identify points 

of leverage.  

g. Chapter Seven: presented the analyses of the interdependencies of the causal factors 

in the model and their policy implications. 

h. Chapter Eight: Summarised and concluded the research study while highlighting how 

the various aims and objectives have been met.  

 

1.10  Chapter Conclusion  

 

This chapter provided the background and introduction to this study. It highlighted the problem 

statement leading to the research, including its scope, and significance. It further developed a 

discussion that led to the study’s aims and objectives. 

 

An overview of the challenges of the NNPC refineries presented in this chapter revealed that 

the performance of the NNPC refineries compares poorly with those from Nigeria’s peer OPEC 

member states. In addition, the chapter argues that these problems are multifaceted and 

recurrent, requiring a holistic approach to their understanding and solution. As such, it argued 

that the understanding of the mode of operationalisation of these challenges with regard to how 

they derive sub-optimal performance across the refineries is crucial to developing effective 

solutions to address the issues. Hence, the chapter proposed relevant research questions, which 

provide the boundary within which the aims and objectives established can be achieved.
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CHAPTER TWO: CONTEXT, PROSPECTS AND CHALLENGES OF THE 

NIGERIAN REFINING INDUSTRY 

2.0 Chapter Introduction 

 

This chapter builds on the background of this study presented in chapter one by 

providing additional context. It further develops a discussion on the challenges of 

Nigeria’s state-owned refineries, including their supporting infrastructure. The chapter 

will also highlight some of the prospects of the Nigerian refining industry in terms of 

their potential and possible approaches to address the performance issues. Lastly, a 

review of previous government efforts to address these challenges is presented. The 

chapter closes with a summary of the identified gaps in the literature. 

2.1 The significance of oil in Nigeria 

 

Crude oil was first discovered in Nigeria in 1956 by Shell-BP at Oloibiri in present day 

Bayelsa State in Nigeria’s Niger Delta region (Wapner, 2017). The field was first 

produced in 1958 placing Nigeria among the group of oil producing countries in the 

world (Odularu, 2008 and Watts, 2004). Subsequently, Nigeria joined the Organisation 

of Petroleum Exporting Countries (OPEC) on July 10, 1971 as the eleventh member 

and later formed its National Oil Company (NOC), the Nigerian National Petroleum 

Corporation (NNPC) in 1977 (Campbell, 2013; Odularu, 2008 and Squalli, 2007). 
 

Nigerian crude is classified as light-sweet grade and is mostly traded as Bonny Light, 

Forcados blend and Qua Iboe Light (Nordhaus, 2009 and Pinto, 1984). These grades of 

oil are highly desirable to refineries all over the world and are sold at better premium 

prices compared to heavier crudes. This is because of their less impurity-containing 

sulphur properties as well as their desirable American Petroleum Institute (API) gravity 

which yields higher-value refined petroleum products (Badmus et al., 2012; Gary, 

Handwerk and Kaiser, 2007). 
 

The export of crude oil from Nigeria created a major economic shift by displacing 

agriculture as the traditional mainstay and foreign exchange earner for the nation’s 

economy. The production and export of crude oil usually accounts for more than 80% 

of government revenue and more than 90% of its foreign exchange earnings (Watts, 

2004, PWC, 2016; Wapner, 2017; and DPR, 2017). However, in terms of GDP, crude 

oil contributes up to 10% of Nigeria’s GDP behind agriculture’s 20% contribution and 
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the figure normally varies with fluctuations in global crude oil prices (Omoregie, 2019; 

Wapner, 2017, and NBS, 2017).  

 

The Nigerian petroleum industry has grown since the first production of oil, attracting 

foreign investments from various international oil companies (IOCs) (Ogbuigwe, 2018 

and Akinola, 2018). These companies operate the Nigerian oil fields in different forms 

of partnership agreements with the state oil company, NNPC. These agreements cut 

across Joint Ventures, Service Contracts and Production Sharing Contracts (DPR, 2018; 

Khan, 1994 and Atsegbua, 1993). All these arrangements involve the NNPC holding a 

50+% of the stake, while the IOCs, which provide the technical capabilities required to 

produce the oil fields hold the remainder of the stake (Umar, 2005; Ite, 2004; Khan, 

1994; Johnston, 1994 and NNPC, 2016). The benefit to each partner in these 

agreements comes from their contractual share of the profits on the dollar value of the 

crude exports.  

 

Unfortunately, despite the significant earnings accruing from Nigeria’s sale of crude oil 

since the late 1950s, the country still grapples with poverty and a lack of infrastructural 

development across both the public sector and the processing downstream oil sector 

(Iwayemi 2008, Akinola, 2018).  This is in sharp contrast from what is obtainable from 

some oil producing states in the Middle East such as Saudi Arabia, Oman and Kuwait 

with better infrastructure development and welfare programme for their citizens 

(Estache et al., 2013; and Mellahi et al., 2011). Findings from Al-Hanawi et al. (2018), 

El-Katiri et al. (2013), and Alshishtawy (2010) suggest that oil producing Gulf states 

such as Kuwait, Saudi Arabia, Oman, United Arab Emirates and Qatar are politically, 

socially, and economically stronger than other OPEC oil producers given the rich 

infrastructural development of these states and better welfare programmes for their 

citizens through free healthcare, education and social security supported by oil 

proceeds. Whilst it can be argued that these countries have relatively smaller 

populations compared to other oil producing states, especially Nigeria whose 200+ 

million persons is at least three times the combined population of these countries 

(World Bank, 2020), the scale of infrastructural development, as well as poverty 

eradication in these nations evidences a long-term commitment to growth from their 

efficient resource use (Alshishtawy, 2010).   
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On the contrary, the regular injection of petroleum dollars from crude oil sales has not 

contributed as much to Nigeria’s infrastructure development. This can be evidenced 

across multiple sectors of the economy from power sector, through roads and highways, 

hospitals, and schools, and even the oil sector, especially the downstream refining 

sector, all of which have suffered from gross infrastructural decay (Ogbuagu et al., 2014 

and Iwayemi 2008). It is, therefore, no surprise that Nigeria’s downstream sector has 

been dysfunctional as evidenced by the current state of the NNPC refineries (see 

Section 2.4).  

 

Before proceeding further in this chapter, it is essential to introduce some key 

definitions to provide relevant context to guide the understanding of this thesis. This is 

especially important given the multi-disciplinary nature of this study and the 

considerable breadth of the petroleum industry.  

2.2 Context and Sense Making 

The operations of the oil industry, which extends from exploration and production 

through transportation & storage to refining and distribution, is usually classified under 

three major segments in the energy supply chain as shown in Table 3 (Devold, 2013; 

and Fanchi & Christiansen, 2017). 

 

Table 3 Energy supply chain segments of the oil industry 

Energy Segment Remarks 

The upstream sector This sector deals with the oil exploration using various scientific 

techniques in the field of geology and geophysical sciences to locate, 

map and estimate the hydrocarbon finds (oil deposits) in the ground. 

It also incorporates the production of the hydrocarbons (oil and gas) 

by the petroleum engineers using a range of mathematical 

techniques to drill, lift and manage the oil reservoirs by maintaining 

the relevant pressures and flowrates over the life of the oil fields. 

The produced crude oil must then be transported where it will be 

further treated. 

The midstream sector This sector deals with all the activities encompassing the storage, 

processing, and transportation of the produced oil. Essentially, it 

deals with the movement of crude oil from the oil fields via pipelines 

to the processing surface facilities, where the oil and gas are 

separated into distinct components and kept in storage tanks. 
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Petroleum production engineers, Chemical engineers as well as 

Instrumentation, Mechanical and Electrical engineers mostly 

oversee these activities.  Finally, the separated crude oil has very 

little use in this form and must be transferred to another unit where 

it will be further processed. 

The downstream 

sector 

This sector comprises the activities that transforms the oil into 

usable petrochemical products for everyday consumption. It deals 

with the refining, marketing, and distribution of petroleum products. 

Chemical and Petrochemical engineers are mainly responsible for 

the technologies that deal with crude oil refining, while other 

specialists may be more involved in marketing and distribution of 

the products.  

Source: Adapted from Fanchi & Christiansen, 2017 and Devold, 2013. 

 

Essentially, the entire energy supply chain is structured sequentially from the upstream 

to the downstream sector in order of production to the conversion of crude oil to usable 

petroleum products. The focus of this research study lies within the downstream sector 

of the energy supply chain - investigating the performance challenges of Nigeria’s 

petroleum refining industry with a view of developing a framework to guide decision-

making in the sector as outlined in the aims and objectives (See section 1.3). The 

sequence of oil conversion from upstream to downstream is as shown in Figure 6. 

 

 

 

 

 

 

Source: Author generated 

2.2.1 Integrated Oil and Gas Companies Vs Independents 

 

Within the global oil and gas industry, organisations with operations that span across 

the three major segments of the energy supply chain are referred to as Integrated oil 

companies, while those that operate in one or more of the segment areas but not all, are 

referred to as partially integrated or Independents (Beyazay-Odemis, 2015). As such, 

there are Independents in every sector of the energy segment. It is also important to 

Order of production and conversion of crude oil to finished products. 

Upstream 

 
(Exploration & Production) 

 

Midstream 
 

(Storage, processing, and 

transportation) 

 

Downstream 
 

(Refining, marketing, 

and distribution) 

 

Figure 6: The three segments of the energy supply chain 
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note that Integrated companies are either usually privately owned as listed public 

companies or state-owned under full or majority government control (Antill, 2000). 

Nigeria’s NNPC is an Integrated oil company with activities that span from Exploration 

and Production (upstream) overseen by its NPDC; Storage, Processing and 

Transportation (midstream) overseen by its PPMC and Refining, Marketing and 

Distribution (downstream) under the control of the refineries (PHRC, KRPC, and 

WRPC). It is important to note that Integrated state-owned oil companies usually 

comprise of full or majority stake of national government ownership and as such, are 

significantly influenced by their government policies. Some examples of state-owned 

integrated oil companies include Saudi Aramco (Saudi Arabia), Equinox (Norway), 

Gazprom (Russia), and China National Offshore Oil Corporation (CNOOC), to name a 

few. 

 

Lastly, both Integrated companies and Independents may have operations that focus 

entirely domestically, internationally, or both (Beyazay-Odemis, 2015). 

2.2.2 National Oil companies (NOCs) 

 

A national oil company (NOC) is a fully or majority state-owned oil and gas entity. 

NOCs are usually Integrated in their operations as indicated earlier (Section 2.2.1) and 

play an increasingly dominant role over global oil and gas production. NOCs maintain 

control over most of the global proven oil reserves followed by international oil 

companies (IOCs) (Hartley and Medlock, 2008). According to the International Energy 

Administration (IEA, 2020), NOCs controlled 57.8% of global oil production and 

65.7% of proven oil reserves in 2018. In addition, it is common to find NOCs with 

expanded operations that extend beyond national borders (Beyazay-Odemis, 2015). 

Leading NOCs in this category include Saudi Aramco (Saudi Arabia), Petrobras 

(Brazil), and PDVSA (Venezuela). Others include China National Petroleum 

Corporation (CNPC), and Kuwait Petroleum Corporation (KPC), to name a few. 

However, some NOCs maintain sole domestic operations despite operating an 

Integrated structure. Some of these NOCs include National Iranian Oil Company 

(NIOC) and Nigerian National Petroleum Corporation (NNPC) (Antill, 2000).  
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2.2.3 Nigerian National Petroleum Corporation (NNPC) 

The Nigerian National Petroleum Corporation (NNPC) is Nigeria’s national oil 

company. The corporation was established by a special Petroleum Act on the 1st of 

April 1977, which conferred autonomy on it as a corporation to coordinate the oil 

activities of the nation (NNPC Act, 2004). Unfortunately, due to changes in government 

administrations over the years, the NNPC is reported to have lost most of its autonomy 

and has become increasingly subjected to government interference (Ogbuigwe, 2018). 

The details of this change and its impact on the organisation’s performance are 

reviewed under the challenges of Nigerian refineries (Section 2.4). 

 

Nonetheless, the operations of the NNPC span across exploration, production, pipeline 

transportation, refining and petrochemicals (Wapner, 2017). As such, the organisation 

operates as an Integrated Oil and Gas company with sole domestic operations. The 

activities of the NNPC are coordinated under its 12 subsidiary business units spread 

across its 7 operational divisions (Figure 7)

https://www.lawyard.ng/wp-content/uploads/2015/11/NIGERIAN-NATIONAL-PETROLEUM-CORPORATION-ACT-2004.pdf
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NB: The colour coded units in the figure represent the main NNPC subsidiaries 

Source: Author generated, inspired from NNPC website (NNPC, 2020) 
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Figure 7: NNPC subsidiary units 
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Figure 7 was developed by the author using information gleaned from NNPC website 

describing the various operational units of the NNPC along its 7 divisions. However, 

Duke Oil and Hyson were not placed under any unit on the website. 

 

Table 4 presents the acronyms of these main subsidiaries. 

 

Table 4: Meaning of NNPC Subsidiaries Acronyms. 

NPDC Nigerian Petroleum Development Company 

NGC Nigerian Gas Company 

PPMC Products and Pipelines Marketing Company 

IDSL Integrated Data Services Limited 

NETCO Nigeria Engineering and Technical Company  

HYSON Hydrocarbon Services Nigeria Limited 

WRPC Warri Refinery and Petrochemical Co. Limited 

KRPC Kaduna Refinery and Petrochemical Co. Limited  

PHRC Port Harcourt Refining and Co. Limited 

NNPC Retail Nigerian National Petroleum Corporation Retails 

NAPIMS National Petroleum Investments and Management Service 

DUKE OIL Duke Oil trading 

Source: NNPC, 2018 and NNPC, 2020 

 

The most relevant subsidiaries of NNPC to this study include the three refineries – 

PHRC, WRPC, and KRPC. In terms of its operations across the energy supply chain, 

the organisation has the Nigerian Petroleum Development Company (NPDC) at the 

upstream, the Pipeline and Products Marketing Company (PPMC) at the midstream and 

the refineries together with NNPC Retail at the downstream sector. 

 

The matrix shown in Table 5 depicts the location of Nigeria’s NNPC within the 

international oil and gas industry ownership structure.  
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Table 5: Matrix for industry ownership structure 
 Public Company State-Owned  

In
te

g
ra

te
d
 

Shell, BP, Total, Chevron, Lukoil etc Saudi Aramco, Petrobras, Petronas, Equinox, Gazprom, Rosneft, 

CNPC, Sinopec 

In
te

rn
a
ti

o
n

a
l 

O
p
er

a
to

r 

Most Integrated companies operate 

internationally 

NNPC, SONANGOL, Qatar Petroleum, Pemex, NIOC 

D
o

m
es

ti
c 

O
p

er
a
to

r 

In
d

ep
en

d
en

t 

Marathon, ConocoPhillips, Apache  

Independent oil companies are usually publicly incorporated. 

In
te

rn
a
ti

o
n
a

l 

O
p

er
a
to

r 

Philadelphia Energy Solutions, PBF Energy, 

Motiva Enterprises 

 

Independent oil companies are usually publicly incorporated. 

D
o

m
es

ti
c 

O
p

er
a
to

r 

Source: Author generated 

2.2.4 Changing Trends. 
 

Traditionally, the petroleum industry had been dominated by Integrated oil and gas 

companies, and in particular by a handful of supermajors (largest publicly traded oil 

corporations in the industry by revenue) from the West, mainly Shell, Chevron, BP, 

Total, ExxonMobil, ConocoPhillips, and Eni (Gary et al. 2007; Stacey and Crooks, 

2016). These companies (except for Eni) refined nearly all the oil products in the US 

before 1980 (World Oil Review, 2018). However, the operating model of the global oil 

refining industry has undergone significant changes in the past four decades, giving rise 

to a more diverse and diminished ownership structure. For example, in the US, the 

percentage of refined oil products under the control of Independents rose from 51% in 

1990 to 64% in 2005. Also, the role of Majors (large publicly traded oil corporations) 

in crude oil refining is shown to have shrunk from 26% in 2000 to 15% in 2017 (Figure 

8). While the percentage of refined oil products for Independents have grown from 51% 

to 54%, and that of National Oil Companies (NOCs) have also risen from 23% to 31% 

respectively for the same period as shown in Figure 8 (World Oil Review, 2018).  
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Figure 8: Global crude refining proportions for NOCs, Majors, and Independents (Others) 

 

Source: World Oil Review, 2018 

 

The foregoing indicates that the role of NOCs in global crude oil refining is on the 

increase alongside that of Independent corporations as opposed to the decline of 

Integrated corporations in crude oil refining. This is consistent with the assertion of 

Hartley and Medlock (2008) that NOCs appear to have a growing control of the global 

oil and gas value chain. Unfortunately, Nigeria’s NOC - NNPC, is clearly not a part of 

this global trend. The reason for this derives mainly from NNPC’s unimpressive 

performance in the downstream sector, which is discussed in more detail in Sections 

2.3 – 2.4. 

2.2.5 Nigeria – Country Profile 

Nigeria is located in West Africa with an estimated population of about 206 million 

persons, making it the most populous nation in Africa and the seventh largest in the 

world, only behind China, India, US, Indonesia, Pakistan, and Brazil (The World Bank, 

2020). With a land mass of 923,768 sq. km, the country has a population density of 215 

inhabitants per square kilometre - the sixth most densely populated in Africa. According 

to Awuzie and McDermott (2019), Nigeria’s population make up about 47% of the 

entire sub-Saharan Africa’s population. Geographically, Nigeria is bounded in the 

Northeast by Chad, in the East by Cameroun, in the West by Benin Republic and in the 

North by Niger Republic as shown in Figure 9 (Campbell and Page, 2018).  
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Source: UN Cartographic Section 

 

Nigeria also has a coastline of 853km in the Gulf of Guinea, which abuts the Atlantic 

Ocean. More than 50% of this coastline (450km) bounds the Niger Delta region, which 

contains more than 90% of Nigeria’s oil deposits (Egberongbe et al., 2006 and Awuzie 

and McDermott, 2019), and the country overall. 

 

Nigeria is blessed with significant proven reserves of crude oil and natural gas, about 

37 billion barrels of oil and 187 trillion cubic feet (tcf) of natural gas as of 2019 

(Zabbey, Giadom and Babatunde, 2019). The Nigerian economy is essentially 

dependent on oil, which generates more than 90% of its foreign earnings. With a GDP 

of about US $450bn, the country is amongst the top 25 largest economies of the world 

(Campbell and Page, 2018). Despite the abundance of oil resources, the country still 

grapples with significant levels of poverty with about 40% of its citizens living below 

the country’s poverty line of US $381.75 per year (World Bank, 2020). This implies 

that greater percentage of the country’s population would be living below the United 

Nations’ poverty line of US $693.50 per year (UN Reports, 2021). 

 

The social imbalance where wealth is concentrated on a few hands while the majority 

of the population struggle, often breeds tension and strife in the country. Consequently, 

Nigeria’s oil and gas sector has often experienced aggressions from disgruntled youths, 

Figure 9: Political map of Nigeria 
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especially in the impoverished Niger Delta regions (Ikelegbe, 2005/2006; and 

Arowosegbe, 2009). Some of the challenges brought about by these grievances are 

presented as part of the social factors affecting the refineries as indicated in Section 

2.4.3 of this study. 

2.2.6 An oil refinery and its operations 

 

An oil refinery is essentially a complex petrochemical processing plant which takes in 

crude oil as an input and converts it to outputs of various usable petrochemical products. 

These products may be classified as Light distillates such as Liquefied Petroleum Gas 

(LPG), Premium Motor Spirit (PMS) or gasoline, naphtha, and petroleum gases 

(methane and ethane); Middle distillates such as Dual-Purpose Kerosene (DPK), jet 

fuel, Automotive Gas Oil (AGO) or diesel; and Heavy distillates such as lubricating 

oils, heavy fuel oils, wax and asphalt as shown in Fig 10 (Hostettler et al., 2013; Cross 

et al., 2013 and Gary et al., 2007). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Hostettler et al., 2013 
 

Duffuaa and Ben-Daya (2004) report that refineries are usually operated on a 24-hourly 

basis for 365 days in a year until there is a need for a partial or total shutdown due to 

maintenance operations, which is usually done every 24-36 months of continuous 

operation. Practically, the production capacity of oil refineries is measured in either 

barrels per stream day (BPSD) or barrels per calendar day (BPCD). According to Gary 

et al. (2007), BPSD measures the capacity, which a refinery can process while in 24-

Figure 10: Refinery Distillation Range 
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hour continuous operation; whereas the BPCD measures the capacity the refinery can 

process in a given year divided by the number of days in the year irrespective of 

downtimes. BPSD is usually a few percentage points higher than the BPCD and is 

usually the measure referenced to when barrels per day (bpd) is stated for an oil refinery. 

Johnston and Johnston (2006), claim that oil refineries become profitable at capacity 

utilisations above 80%. Most refineries in the US, Western Europe and Northeast Asia 

operate above or near 90% capacity utilisations, making them the most profitable 

refining hubs outside the Middle East (Johnston and Johnston, 2006). In contrast, 

Iheukwumere et al. (2021) report that average capacity utilisation of NNPC refineries 

has been below 20% since 2013. 

 

Considering that the configuration of every refinery is unique, it is reasonable to outline 

the basic components of a typical modern refinery (see Fig 11).  
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Figure 11: A schematic layout of a typical modern oil refinery 

 

Source: Beychok (2007) 

 

The figure 11 shows the process flow diagram of an oil refinery. It is important to note 

that while all the NNPC refineries have most of the units shown in Fig 11 in varying 

layouts, none has a coking unit as shown. Some of the main components of an oil 

refinery alongside their functions are summarised Table 6. 
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Table 6: The main process units for an oil refinery 

Process Units Functions 

Crude Distillation Unit 

(CDU) 

This unit is also referred to as Atmospheric Distillation Unit 

(ADU) and is virtually the first process unit of all refineries 

where the incoming crude oil is distilled into various fractions 

of different boiling ranges, which are then processed further 

in other process units.  

Vacuum Distillation Unit 

(VDU) 

This is the unit where the heavier residue oil at the bottom of 

the CDU is further distilled into purer petroleum products to 

increase the product yield.   

Hydrotreating Units This can be Diesel-hydrotreating, Naphtha-hydrotreating or 

Kero-hydrotreating units. It is essentially the unit where 

hydrogen is used to remove sulphur (desulfurize) from the 

incoming product fractions from the CDU or other process 

units.  

Fluid Catalytic Cracking 

Unit 

This is one of the most important conversion process units in 

every refinery. In fact, it has been referred to as the heart and 

soul of every modern refinery (Johnston and Johnston, 2006). 

Its purpose is to convert the heavier fractions of crude oil 

(under the action of heat and catalyst) into the lighter fractions 

to obtain the more valuable products such as PMS (gasoline) 

and other products.  

 Source: Gary et al. (2007); Cross et al. (2013) and Johnston and Johnston (2006) 

 

Table 6 was made from information obtained from Gary et al (2007), Cross et al. (2013) 

and Johnston and Johnston (2006) and shows the main components of the process units 

found in a typical conventional refinery like the NNPC refineries. Johnston and 

Johnston (2006) note that some oil refineries typically have more configurations of 

process units than others. The level of complexity of a refinery is related to the process 

technologies present at the facility. Refineries can range from simple hydro-skimming 

plants that produce mostly diesel and atmospheric residue to the most complex coking 

plants that produce a wide range of RPPs with little or no residue (Gary et al., 2007). 

Aside from the first Port Harcourt refinery (PHRC-I) which is a simple hydro-skimming 

plant, the other three NNPC refineries (WRPC, KRPC and PHRC-II) are complex 

cracking refineries. Section 2.3.4 outlines these differences. 
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2.2.7 Nelson Complexity Index (NCI) 

 

The factor for measuring the complexity of an oil refinery is the Nelson Complexity 

Index (NCI). According to Johnston and Johnston (2006), the NCI provides a reliable 

measure of the relative construction costs of an oil refinery. Developed by Wilbur 

Nelson in 1960, the NCI quantifies the relative construction cost of the components of 

an oil refinery by comparing the cost of its various upgrading units to the cost of the 

distillation unit.  Essentially, the NCI uses a scale of 1-20 (old reports) to measure the 

sophistication of an oil refinery, where the more complex refineries with higher values 

on the scale possess the capacity to produce more valuable products from the lowest 

quality crudes (Nelson, 1976 and Johnston and Johnston, 2006). Table 7 shows the 

generalised NCI for refinery equipment. 
 

 

Table 7: The Nelson complexity Index for oil refinery equipment 

Unit NCI (1998 Reports) NCI (Older Reports) 

Distillation capacity 1.0 1.0 

Asphalt 1.5 1.5 

Vacuum distillation 2.0 2.0 

Thermal processes 2.75 5.0 

Catalytic hydrorefining 3.0 3.0 

Catalytic reforming 5.0 5.0 

Catalytic cracking 6.0 6.0 

Catalytic hydrocracking 6.0 6.0 

Alkylation / 

Polymerization 
10.0 10.0 

Oxygenates 10.0 10.0 

Aromatics / Isomerisation 15.0 15.0 

Lubes 60.0 10.0 

 

Source: Adapted from Nelson, 1976, & Johnston, and Johnston, 2006 

 

Typically, the higher the NCI of a refinery the more costly it is to build. Most refineries, 

including the NNPC refineries rarely publish their Nelson Complexity Index. However, 

given the known process units at each of the NNPC refineries (discussed in Section 
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2.3), it appears the PHRC-II and KRPC refineries would have much higher NCIs 

compared to PHRC-I and WRPC.  

 

Another important way to classify refineries is by their mode of construction. In this 

regard, there are two main kinds: conventional and modular. 

2.2.8 Conventional and Modular Refineries  

 

A conventional refinery is a standard refinery facility built to fully process variable 

crude slate (different kinds of crude oil) into several different product yields. Usually 

built onsite, these types of refineries take substantial resources and time (usually 3+ 

years) to be completed (Gary et al., 2007 and Cross et al., 2013). Given their processing 

ability, they have higher profit margins (Singh, 2021). The capacity range of these 

refineries usually runs from 100,000 barrels to 1,000,000+ barrels. As such, it may take 

a relatively longer time for these refineries to break even since their development costs 

usually run into billions of dollars (PWC, 2017). Currently, the world’s largest refinery 

- the Jamnagar refinery with a capacity of 1.24 million bpd, which is located in Gujarat, 

India and owned by Reliance Industries - is a conventional refinery (Ondrey, 2009). 

 

On the other hand, a modular refinery is a crude oil processing plant that has been 

constructed entirely on skid mounted structures. Each structure contains a portion of 

the entire process plant, and through interstitial piping the components link together to 

form an easily manageable process facility (Cenam Energy, 2012). Modular refineries 

are ideal for providing a quick-fix solutions when there is an urgent need to adapt 

rapidly to local demand. This is because they can be built offsite in modules and 

transported to the site where they can be assembled. Singh (2021) reports that the main 

advantage of this kind of construction lies in the lower capital costs afforded by their 

speed and flexibility. As the capacity of modular refineries can range from 1,000 bpd 

up to 50,000 bpd, an average 20,000 - 30,000 bpd modular refinery is reported to cost 

between $180 – 250 million and may take between 12 - 18 months to build (PWC, 

2017). 

Essentially, while all NNPC refineries can be regarded as conventional refineries, two 

of the private sector-led refineries completed to date (2021) in Nigeria are modular 

refineries. These refineries include the 1000-bpd diesel refinery plant owned by Niger 

Delta Petroleum Resources and the 5,000-bpd diesel Waltersmith Petroman Oil refinery 



35 
 

(Bala-Gbogbo, 2020).  Although efforts from private investors to boost local refined oil 

production in Nigeria have been hailed by the government and private sector alike, 

experts, believe these efforts are far from adequate and would hardly enable Nigeria to 

attain energy sufficiency (Oweh, 2018). The main reason for this challenge appears to 

be that there are hardly any modular Fluid Catalytic Crackers (FCCs). This is because 

these process units, which are mainly responsible for processing most of the demanded 

lighter product fractions such as PMS rarely comprise smaller modules. As such, 

smaller modular refineries in Nigeria can technically produce mainly diesel which is in 

much less demand in Nigeria compared to PMS. The implication being that more 

conventional refineries like the NNPC refineries, and the new Dangote oil refinery are 

necessary to ultimately solve Nigeria’s petroleum product import problems.  

2.2.9 Dangote oil refinery and other private refineries  

 

According to Gupte (2019), the Dangote oil refinery is a private sector-led 650,000 bpd 

refinery and petrochemical complex being constructed on a 2,635 hectares site in the 

Lekki Free Zone area of Lagos State, Nigeria. The facility is owned by the Dangote 

Group and is reported to be the largest single-train (i.e., having only one crude 

distillation unit) refinery facility in the world and the largest refinery in Africa when 

completed. Construction of this facility commenced in 2013, with the refinery reported 

as expecting to cost an estimated US 12 - 14 billion dollars. When completed, the 

refinery should enable Nigeria to attain refined product sufficiency with some potential 

for export (Reuters, 2018c) 

However, one could argue that if the large Dangote refinery was to come on-stream, 

Nigeria may no longer need the NNPC refineries. The question then becomes: what 

capacity can the refinery bring on-stream at start-up and how many years would it take 

the new refinery to attain full capacity? Gary et al. (2007) notes that no refineries come 

on-stream with immediate maximum production at start up. This means that it normally 

takes time for a new refinery to hit its full capacity from commencement of operations. 

This then raises the question for Dangote of what would be the future consumption 

figure for refined petroleum products in Nigeria when the plant attains full capacity? 

Various projections done by industry experts, such as PWC (2017), show that Nigeria 

has the market to absorb more petroleum products due to its ever-growing population 

and energy demand and can potentially become the refining hub for West Africa by 

2030. This postulation is also supported by a McKinsey study (2019) that refineries in 



36 
 

developed countries of Europe and North America are confronted with increasing 

stringent environmental compliance requirements with the potential for a 0.3% per 

annum decline in operations. Whereas refineries in developing countries of Africa, 

Latin America and Asia are increasingly adding new capacities and will continue to do 

so at a rate of about 2% per annum up to 2035 and beyond. In fact, Nigeria’s actual 

demand growth rate for refined petroleum products is estimated at 3% per annum based 

on past trends (Ogbuigwe, 2018). In addition, PWC (2017) observes that there is a 

significant market gap for refined petroleum products (RPPs) across West Africa in the 

amount of 39 billion litres per year (more than 245 million barrels per year), which the 

region fills with imports from Europe and the Middle East. This implies that if Nigeria 

attains excess capacity, there is sufficient market within neighbouring African countries 

for the export of these RPPs, which will yield more economic value and benefits for the 

nation. This is especially true considering that Nigeria’s RPPs are partly being 

smuggled to help supplement the supply shortfalls for these countries. The potential 

benefit for exporting RPPs from Nigeria will equally benefit the smaller private 

companies in Nigeria building small-scale (mostly diesel) modular refineries. This is 

due to more demand for the products in neighbouring African countries.  

 

Ideally, it is reasonable to expect a market glut that will affect prices, if the production 

of refined oil in Nigeria is not managed, especially given the growing global calls for 

alternative fuels. The implications for extra capacity of refined petroleum products 

(RPPs), including their management in Nigeria, when achieved, is discussed in Section 

2.6.  

 

2.2.10 Valuation of oil refineries 

Given that this study is focused on the improvement of Nigeria’s state-owned refineries, 

it would be essential to provide an approximate estimate of the economic value of these 

assets to justify their national importance.  Johnston and Johnston (2006) noted that 

providing the valuation of oil refineries can be difficult as most refining and marketing 

operations are often part of an integrated company with limited disclosure of segment 

data. In addition, while a few refineries may change hands each year, it is not often 

common for oil refineries to be sold. However, Johnston and Johnston (2006) further 

indicated that it is more convenient for marketing analysts to estimate refinery values 

based on prices paid per stream day barrel capacity. Considering that Shell sold its 
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156,400-bpd Martinez California oil refinery for US $960 million to PBF Energy in 

February 2020, analysts point that this sale represented a refining asset price of about 

US $6000 per daily barrel capacity (Seba, 2020). Similarly, the sale of El Paso’s 

315,000-bpd refinery to Valero at US $315 million in 2004, represented a price of US 

$1,159 per daily barrel (Energy Intelligence, 2004). Given that refinery sale values can 

vary with time and location, including the fact that Nigeria has not sold any refineries 

previously, it may be difficult to correctly estimate the value of the NNPC refineries. 

However, using the most current data of $6000 barrel per stream day capacity for the 

Martinez Refinery and ignoring other variations, the 60,000-bpsd PHRC-I would be 

worth about US $360 million, while the 150,000-bpsd PHRC-II would be worth about 

US $900 million. Whereas the 110,000-bpsd KRPC would be worth an estimated US 

$660 million, and the 125,000 WRPC would be worth about US $750 million. Based 

on these estimates, the total value of the NNPC refineries would be worth $2.67 billion. 

This implies that the current US $1.5 billion loan raised by the Nigerian government to 

refurbish the PHRC (I and II) appears to be over-budgeted (Onuah, 2021). It can also 

be argued that given the total value of these assets, it would be more economical to 

refurbish these facilities on their existing locations re-using components that are still fit 

for purpose to provide fully functional refineries.  

 

Based on the foregoing, it is imperative at this point to fully review the current state of 

Nigeria’s State-owned refineries.  

2.3 The Nigerian state-owned refineries – a summarised history 

 

Nigeria has four refineries owned by the federal government and operated by its 

National Oil Company, the NNPC. The refineries include: The Port Harcourt Refining 

and Petrochemical Company (PHRC-I and PHRC-II), Warri Refining and 

Petrochemical Company (WRPC), and Kaduna Refining and Petrochemical Company 

(KRPC). The process technologies of these refineries range from simple to very 

complex configurations such as topping refineries, hydro-skimming refineries, cracking 

or conversion refineries and coking or deep conversion refineries (Atris, 2020). A brief 

overview of each of these refineries is necessary to understand their resource 

contributions and situations.  
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2.3.1 Port Harcourt Refinery I (PHRC-I) 

 

The Shell-BP consortium built the first oil refinery in Port Harcourt, Nigeria using a 

consortium of several British and American contractors (Turner, 1977). The option to 

build a refinery was initially awarded to Shell-BP as part of the terms of their Oil 

Prospecting License awarded in 1954 from the colonial government in Nigeria (NPRC, 

1966). According to Turner (1977), this agreement was updated in 1958 with a thirty-

year Oil Mining Lease (OML) awarded to Shell-BP to commence the refinery when the 

company’s daily oil production reached 10,000 b/d. The establishment of the refinery 

was favoured by both the company and the new Nigerian government, which came into 

office in 1960. This is because the investment would not only put Nigeria on a new 

developmental course but also save the nation some $40 million ($364m in 2020, Bank 

of England rates) in foreign exchange due to refined petroleum products being imported 

at the time (Turner, 1977 and Pearson, 1970).  
 

Global developments post second world-war, especially from the early 1950s up to the 

1960s, saw a boom in refinery construction as countries tried to rebuild their economies. 

In developing countries, this drive was further fuelled by competition from smaller oil 

companies against the more established majors in order to gain entry into new markets 

(Iheukwumere et al., 2020). In addition, as more African countries gained 

independence, Turner (1977) noted that the appeal to own large public assets and 

infrastructure such as airports and refineries was quite significant. Hence, there was a 

willingness from these governments to liaise with relevant companies to achieve their 

developmental objectives. The ensuing economic upheaval forced a shift in the business 

strategy of the established majors which seemed to have a more relaxed approach of 

building refineries only near major markets with subsequent export to underdeveloped 

small African markets. Combined with the push from the more aggressive smaller 

companies such as the Italian Eni, the majors began to build smaller refinery plants in 

Africa to retain their interests in the smaller but resource-rich African markets (Turner, 

1977 and Herman, 1974). 

 

The earliest and most comprehensive account for the details of the transaction between 

Shell-BP and the newly formed Nigerian government in 1960 was presented by Turner 

(1977). Hence, the construction of the first Port Harcourt refinery was eventually 

commenced after a service agreement was signed by the federal government and Shell-
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BP in 1962 allowing the company to coordinate the construction works through a series 

of bids involving various international construction companies. Subsequently, the 

refinery was commissioned in 1965 and became Nigeria’s premier oil refinery with 

initial ownership stakes of 50% to the Nigerian government and 25% each to Shell and 

BP. 

 

The cost of the project was about US $28.6 million ($252m in 2021, Bank of England 

inflation rates) with an initial capacity of 38,000bpsd (Turner, 1977; NNPC, 2018 and 

Wapner, 2017). Presently, this facility is commonly referred to as the old Port Harcourt 

refinery (PHRC-I). The refinery was later expanded to increase its capacity up to 

60,000bpsd in 1973. This increment was to accommodate the growing domestic 

demand in Nigeria for refined oil (Kahn, 1994 and Wapner, 2017). PHRC-I is co-

located with the new Port Harcourt refinery (PHRC-II) at Alesa-Eleme and has been 

mostly inoperative since the year 2001 due to maintenance issues (NNPC ASB, 2001 – 

2018). Fig 12 shows some areas of the PHRC-I facility.  

 

 

 

 

 

 

 

 

 

Source: Vanguard Nigeria, 2017 

 

Ogbuigwe (2018) notes that the PHRC-I was completely acquired by the Nigerian 

government in July 1979, through an outright buyout. Hence, the refinery inherited a 

new management structure led by the government. This development in combination 

with the growing demand for refined petroleum products in the country led to 

invitations by the government for bids from international petrochemical construction 

companies to build more refineries in Nigeria (Atumah, 2016; and Turner, 1977).  

 

 

Figure 12: Some pictures of Port Harcourt refinery 
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2.3.2 The Warri Refinery (WRPC)  

 

The Warri refinery (WRPC) was the first refinery in Nigeria to be built under full 

government ownership. Unlike the PHRC-I, the project for the construction of Warri 

refinery was awarded by the federal government of Nigeria to the Italian construction 

company, Snamprogetti in 1975 (Wapner, 2017). The intention of the government was 

to increase the production of motor oil for Nigerian consumption and to meet the 

growing need for other RPPs in the country. The project was a semi-packaged contract 

using a six-man project team and the French BEICIP (French Petroleum Institute’s 

Bureau of Industrial Studies) as consultant advisories to act on the government’s behalf 

from site selection through a range of licensing and technology issues to contractor 

selection. After deciding on the general design of the refinery, the consultants 

commenced a tendering process to choose a contractor for the construction of the main 

refinery plant. With the project team supplying the philosophy and BEICIP in charge 

of developing the detailed tender documents, Turner (1977) notes that invitations for 

bids were eventually trimmed down to three companies out of the 20 that prequalified 

for the contract. This was due to the companies’ willingness to use a fixed-term contract 

over the cost-plus that others preferred (Tanzer, 1969). Eventually, the award went to 

the Italian company, Snamproghetti, for the design, procurement, and construction of a 

new 100,000 bpsd capacity refinery at an initial cost of $285 million. According to 

Turner (1977), this cost later escalated to $478 million due to changes to add a catalytic 

cracking unit (CCU). In 1978, Snamproghetti successfully completed the project, and 

the plant was commissioned by the federal government in the same year (Turner, 1977; 

NNPC, 2018).  

 

Chima et al. (2002) and Turner (1977) agree that the knowledge and experience gained 

by the federal government and some Nigerian engineers from the first Port Harcourt 

refinery (PHRC-I) helped shore up the ability for Nigerians to fully manage the setup 

of the Warri refinery. Also, the growing revenue from the sale of crude oil, which by 

then had risen to 95% of Nigeria’s total revenue provided a significant financial boost 

for Nigeria to embark on this project with plans also made for similar future projects at 

the time (Tanzer, 1969 and Herman, 1974). 

The 100,000 bpsd Warri refinery, which was built to be supplied by crude oil pipelines 

from Escravos was subsequently expanded in 1987 to process 125,000 bpsd in order to 
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help meet the growing demand for RPPs in Nigeria (Ogbuigwe, 2018; NNPC, 2018b; 

Wapner, 2017). Much later (1988), a merger with the neighbouring Ekpan 

Petrochemical plant through a business incorporation officially led to the present name 

change of the facility to Warri Refining and Petrochemical Company (WRPC) (NNPC, 

2020). 

 

With its catalytic cracking unit, the Warri refinery may be regarded as a complex 

cracking refinery that produces PMS, Kerosene (Domestic/Aviation), AGO, LPG, 

Polypropylene Pellets (Nipolene) and Carbon Black Pellets. After the 1987 capacity 

expansion, the refinery continued to function at near-optimal capacity (above 70%) 

until 1991 when it started experiencing production cuts due to a lack of maintenance 

(NNPC 2018b and Wapner 2017).  

 

Recently, the refinery has experienced significant production interruptions due to 

several challenges arising from attacks on its crude oil supply pipelines and frequent 

plant breakdowns due to mismanagement (Wapner, 2017, and Akinola 2018). As such, 

since 2019, the refinery has been on a shut down for an ongoing maintenance operation. 

2.3.3 The Kaduna Refinery (KRPC) 
 

The federal government of Nigeria awarded the Kaduna refinery project in 1976 to 

Chiyoda Engineering and Construction Company of Japan. The project was awarded at 

the cost of $525m for a 36-month duration (Wapner, 2017). According to NNPC 

(2019), the project comprised of two distinct plants – a 50,000-bpsd Fuels plant and 

another 50,000-bpsd Lubes plant, altogether making a 100,000-bpsd capacity refinery 

and was completed in 1979. Later in 1987, the refinery was expanded at the Fuels plant 

from 50,000 to 60,000 bpsd, making the overall capacity of the facility 110,000 bpsd. 

This was also done to match the growing demand for petroleum products in Nigeria 

(Ecowas, 2007, and Wapner, 2017).  

 

The Kaduna refinery was designed to be supplied by a crude oil pipeline from Escravos 

via Warri (Ogbuigwe, 2018). The refinery produces regular fuels as well as lube oils 

for lubrication. It is important to note that it was the production of lube oils that led 

Nigeria to import heavy crudes as raw materials from Venezuela in 1982 (Atumah, 

2016). This is because, unlike the Nigerian light-sweet crude, which is ideal for 

producing the more desirable regular fuels, the heavy Venezuelan crude was more 
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suited to produce lubricating oils, waxes, and asphalts. According to Wapner (2017), 

this arrangement was, unfortunately, short-lived mainly due to the inability of low 

asphalt prices to justify the cost of production. 

 

However, the location of Kaduna refinery in the northern part of Nigeria, far away from 

the oil-producing South, was criticised as an unnecessary political strategy by the 

government to please northern Nigeria, despite constituting a waste of resources 

(Ogbuagu, 1985; Ekwe-Ekwe, 1985; Owojori, 2011). This criticism obviously 

stemmed from the considerable amount of money invested in constructing oil pipelines 

(about 600km) from the Southern part of the country (Escravos near Warri) to the 

Northern region (Kaduna), which could have been avoided if the facility were sited in 

southern Nigeria. This is a clear contradiction of Weber’s theory of industrial location, 

which recommends the location of industries where the cost of their raw material 

transportation is a minimum (Weber, 1982; and Ogbuagu, 1985). Hence it appears this 

was a political decision with potential consequences on productivity. As such, the need 

to supply crude oil to KRPC via pipelines running from south to north, has created 

several vulnerable points of attack along the pipeline route for vandals (Eboh, 2010).  

 

The Nigerian government, on the other hand defends their position for building the 

Kaduna refinery as a strategic way of ensuring an effective distribution of petroleum 

products across the country in a timely and efficient manner (KRPC, 2015; McCann 

and Sheppard, 2003). This objective seems to be quite well-intentioned. Regrettably, 

the difficulties experienced over the years with transporting crude oil to KRPC via 

pipelines seem to defeat this objective and tends to justify the position of its critics.  

 

It is, however, important to note that presently (2021), KRPC does not process any 

crude due to a shutdown for a maintenance pre-inspection (Iheukwumere et al., 2021). 

2.3.4 The Port Harcourt Refinery II (PHRC-II) 

 

The award for the second Port Harcourt refinery was driven by a federal government 

initiative conceived in 1985 to export refined petroleum products from Nigeria (Atumah 

2016). Wapner (2017) notes that the project was awarded to a consortium of JGC & 

Marubeni Corporation of Japan and Spie Batignolles of France at the cost of $850m 

($2.195B, in 2021). It was completed in 1989 and became the most modern and largest 

refinery facility in Nigeria with a capacity of 150,000-bpsd. Production from this plant 
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created a surplus capacity in Nigeria, allowing the export of refined petroleum products 

for the first time in 1991 (Ogbuigwe, 2018). By 1992 the country had made about US 

$280m from the export of RPPs alone (Atumah, 2016 and Akinola, 2018). This 

achievement was, however, short-lived due to production cuts from Warri and Kaduna 

refineries, which necessitated the redistribution of production from Port Harcourt 

refinery to other parts of the country rather than continuing to export these products. 

 

PHRC-II is a complex cracking refinery comprising of four process areas each of which 

houses different process technologies. The refinery produces a wide range of RPPs such 

as LPG, Kerosene (aviation and domestic), PMS, AGO and HPFO (NNPC, 2018). 

Presently, PHRC-I and PHRC-II are run together as a single entity under the name, Port 

Harcourt Refining and Petrochemical Company Ltd and are supplied by crude oil 

pipeline from Bonny (Ogbuigwe, 2018). The capacity utilisation of PHRC-I and 

PHRC-II have remained below 25% since 2016 (NNPC ASB, 2016 – 2020). Table 8 

summarises the process technologies of the NNPC refineries. 

Table 8: Refinery classification based on complexity and process technologies. 
Complexity Refinery 

Types 
Process Technology Type of output 

products  
 

Si
m

p
le

 

Topping 
 
 

Atmospheric 
Distillation (AD) 

Naphtha and middle 
distillate fuels 

PHRC-I 
Hydro-
Skimming 
 

AD + Catalytic 
Reforming 

PMS or gasoline 

C
o

m
p

le
x 

Cracking 
Refinery 

AD + Vacuum 
Distillation 

& 
Catalytic Cracking 

Light and middle 
distillates such as jet 
fuels, heating 
kerosene and gas and 
diesel oils 

PHRC-II, WRPC 
and KRPC 

V
er

y 

co
m

p
le

x 

Coking 
Refinery 

AD + Residue 
Destruction 

Light, middle & heavy 
distillates (PMS, 
Kerosene, diesel, jet 
fuels and heavy fuel 
oils). 

Currently, no 
govt-owned 
refinery in Nigeria 
has this level of 
complexity 

Source: Author generated, inspired from Gary et al., 2007. 

 

Table 8 shows the classification of oil refineries from Gary et al (2007) and where each 

of the NNPC refineries fall under these classifications. As such, the Table indicates that 

PHRC-I is a simple hydro-skimming refinery, while PHRC-II, WRPC, and KRPC are 

complex conversion refineries with catalytic cracking units. None of the refineries are 

of the very complex coking configurations. The construction details of the NNPC 

refineries are summarised by Table 9.
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Table 9: Project details for the construction of Nigeria’s refineries 

 

Source: Author generated, combined from data from Turner, 1977 and Wapner 2017 * Inflation calculated using Bank of England rates

Refinery Name Location in 
Nigeria 

Initial 
Capacity 

Expanded Capacity 
(bpsd) 

Award Date Completion 
Date 

Construction Company Cost of Project 
Award (USD) 

Remarks 

Port Harcourt Refining 

and Petrochemical 

Company I (PHRC I) 

 

Port Harcourt, 

Rivers State 

38,000 60,000  

(Expanded in 1973) 

1962 1965 Procorn Ltd, George 

Wimpey and Taylor 

Woodrow, Lloyds’ 

Examiners & Surveyors 

$39.6 M  
($336M in 2021) 

Built by a private consortium 

of Shell-BP to provide 

domestic supply 

Warri Refining and 

Petrochemical 

Company (WRPC) 

  

Warri, Delta 

State  

100,000 125,000 

 (Expanded in 1985) 

1975 1978 Snamproghetti $478 M  
($2.46B in 2021)  

Built to increase domestic 

production of PMS 

Kaduna Refining and 

Petrochemical 

Company (KRPC)  

Kaduna, 

Kaduna State 

100,000 110,000  

(Expanded in 1985) 

1976 1979 Chiyoda Engineering & 

Construction Company 

$525 M 
($ 2.56B, in 
2021)  

50,000 b/d regular fuels and 

50,000 b/d lubricating fuels, 

waxes, and asphalts 

Port Harcourt Refining 

and Petrochemical 

Company II (PHRC II) 

Port Harcourt, 

Rivers State 

150,000 Not Applicable 1985 1989 A consortium of JGC 

Corporation & Marubeni 

Corporation of Japan 

and Spie Batignolles of 

France 

$850 M  
($2.195B in 

2021) 

Built to create adequate local 

capacity which also paved 

room for export capacity 

which was achieved for only 

two years (1991 to 1993). It 

was short-lived due to 

production cuts arising from 

Warri and Kaduna refineries. 

      Total (2021 est. val.) $7.551B  
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It can be observed (Table 9) that none of the construction companies that built these 

refineries are of Nigerian origin. This reflects the apparent lack of technical skills for the 

construction of refineries in Nigeria. Although no Nigerian company presently has the 

technology to build refineries, the operations of NNPC refineries over the years has led 

to the acquisition of the operational know-how for running refineries by Nigerians. 

Consequently, all NNPC refineries are currently run by Nigerian engineers, technicians 

and administrators trained by expatriates both locally and internationally (Chima et al., 

2002; Wapner, 2017; Turner, 1977). It may be difficult to benchmark the level of 

expertise of Nigerian engineers to their established western operators regarding refinery 

operations. This is mainly due to the fact that the NNPC refineries still run on relatively 

outdated technology compared to most European and American refineries with 

significant technology upgrades (Wapner, 2017 and UKPIA, 2018). 

 

As such, it is important to note that although, Nigerians are yet to fully develop the 

capability to completely and independently man their oil and gas operations from 

upstream to downstream, much knowledge has been acquired by the locals over the years 

through the various local content development policies initiated by the government, in 

which international oil companies (IOCs) are mandated to train and employ the locals in 

certain technical areas of the industry (Heum et al., 2003 and Balouga, 2012). In addition, 

Wapner (2017) and Chima et al., (2002) acknowledged that more Nigerians have also 

received training through government-sponsored programs such as the Petroleum 

Technology Development Fund (PTDF), Niger Delta Development Commission 

(NDDC) and others, in which the best talents from the universities are regularly sent 

abroad on scholarships to receive trainings in technical fields for subsequent 

employment in Nigeria’s oil and gas sector.   

 

Clearly, the foregoing brings some major observations to notice. After the construction 

of the first Port Harcourt refinery (PHRC-I), the government built additional refineries 

successively from 1978 to 1989 to meet the growing need for domestic supply of RPPs. 

During this time PHRC-I was essentially nationalised, and this raised the cumulative 

capacity of NNPC refineries over the 24-year period to 445,000bpsd (Fig. 13). 
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Source: Author generated  

 

This capacity has remained the same from 1989 till date without further additions, 

despite growing demand. Although, Nigeria’s indigenous private organisations have 

begun to make strides to boost local capacity, Iheukwumere et al. (2020) note that these 

efforts have met significant challenges, which have delayed their progress.  

 

The challenges faced by the NNPC refineries have been well documented by various 

scholars. Turner (1977) outlines the implications of technological know-how and 

government ownership on refinery operations; Iwayemi (2008) documents the policy 

issues that underlie the poor performance of Nigeria’s downstream sector. Eti et al. 

(2006) examined the implications of poor maintenance culture across the NNPC 

refineries. Badmus et al. (2012) investigated the efficiency of energy consumption 

profile for PHRC against recommended standards. Ogbuigwe (2018) outlines the 

challenges and prospects of NNPC refineries. Ikelegbe (2015) examined the impact of 

youth restiveness and struggles for resource control in the Niger Delta on oil 

infrastructure in the area as well as on the national economy. The outcomes of these 

studies, as indicated in Sections 2.9 are found to touch on political, economic, social, 

technical, environmental, and legal (PESTEL) issues.   

 

In the context of this study, political factors (P) imply the various forms of government 

interventions, applicable national legislations, expert regional projections, and outlook 

as well as identified political factors from published sources, which directly or indirectly 

impact on the refineries. Economic factors (E) involve the macroeconomic conditions, 

such as project costs and expectations, competing factors for government resources and 
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their implications on the refineries' performance. Social factors (S) include the various 

social, cultural, behavioural, and other demographic factors of the external environment 

which bear direct or indirect consequences on the refineries' performance. While 

technical factors (T) refer to the various technologically related activities, 

infrastructures, training, skills, including gaps in local capacity, which present 

challenges to the refineries' operations. Environmental factors (E) involve the various 

environmental impacts that result directly from the operations of the refineries, including 

associated activities of illegal/artisanal refineries encouraged by the sub-optimal 

performance of NNPC refineries. Legal factors (L) refer to the various legislative 

frameworks that apply to the refineries’ operations. Some of these legal factors 

interweave with the political factors but efforts are made in this study to avoid their 

overlap with the identified political factors.  

 

Further justification for the adoption of PESTEL framework to categorise these 

challenges and how it connects to the conceptual framework for this study is presented 

in Chapter 3 (Section 3.9). 

2.4 Challenges faced by the refineries.  

The possible challenges faced by the NNPC refineries can therefore be categorised under 

the following sections. 

2.4.1 Political factors  

 

The political challenges confronting the NNPC refineries stem from the management 

structure of the NNPC Group, which controls the affairs of the refineries. Ogbuigwe 

(2018), notes that there has been a significant shift from the initial management structure 

of the NNPC refineries to what it is presently.  According to Ogbuigwe (2018), the 

refineries were initially set up to have full autonomy, which enabled them to run 

profitably and efficiently under the then Ministry of Finance Incorporated (MOFI) - an 

investment arm of the government. This arrangement appeared to have worked well as 

the refineries were able to manage their own affairs under the governance of a Board 

comprising professionals and a government representative all appointed by the federal 

government.  

 

However, this situation suddenly changed in the early 1990s when the then Nigerian 

military government forced the NNPC to close its accounts in commercial banks and 
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transfer them to the Central Bank. This marked a turning point in the management of the 

refineries as funding control was transferred to the government officials, giving room 

for corruption. Consequently, the refineries lost their autonomy and became subjected 

to the political interference of inexperienced government officials. Other scholars have 

noted that this change impacted on funding for maintenance and subjected the refineries 

to political indecisions stemming from unclear government policies from politicians who 

apparently lack the will to fix the refineries (Chima et al., 2002; Ambituuni et al., 2014 

and Chikwem, 2016). In addition, Wapner (2017) and Ogbuigwe (2018) report that there 

exists a multi-layer of bureaucracy sometimes requiring the approval of up to 27 

signatures within the NNPC Group and the federal government to sign off for a major 

maintenance operation across the refineries.  These bureaucratic layers compound issues 

and unnecessarily prolong intervention times to respond to critical emergencies at the 

refineries. Figure 14 illustrates the management layers required to be navigated before 

an approval can be issued to carry out a major maintenance on the refineries.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author generated, inspired from Ogbuigwe, 2018 

 

From Figure 14, it can be observed that the Refinery Management Committee must first 

weigh any requests for carrying out a maintenance for the refineries before passing it on 

to the Corporate Refineries’ Directorate. This second body weighs the issues and sends 

it to the Corporate Management Committee who after giving a nod, passes it on to the 

Corporate Board before it gets to the National Executive Committee, where the final 

approval will be given by Nigeria’s President. Otherwise, only smaller issues not 

exceeding N5m (USD13,000 in 2021), enough to replace a few valves and minor 

Refinery Management Committee 

Corporate Refinery Directorate 

Corporate Management Committee 

Corporate Board 

National Executive Committee led by the President 

Figure 14: Approval Committees for the NNPC refineries 
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components, may be authorised by the refinery management (Interviewee number 2 

(PHC-2), April 2019). Clearly, this condition is potentially one of the main factors 

limiting the performance of the refineries.  As such, these factors were included on the 

research questionnaire for investigation. 

Further literature search reveals, however, that this condition does not stand alone in 

limiting the performance of the refineries as they operate together with other factors to 

drive inefficiency. These discussions are developed further in the following sections 

(Sections 2.4.2 – 2.4.6). 

2.4.2 Economic factors 

 

The NNPC refineries are major economic investments of the government, intended to 

make profits and maximise the economic benefits from Nigeria’s petroleum resources. 

Unfortunately, the poor performance of these refineries over the years have made it 

difficult for the government to reap its expected returns from these assets.  

 

Gary et al., (2007) opine that building refineries is a capital-intensive undertaking, of 

considerable expense to its project sponsors. To understand the cost of NNPC refineries 

to the Nigerian government, it would be necessary to attempt presenting the cost of the 

projects in their present values. Although, the Nelson-Farrar cost index would have 

served a better means of estimating these figures, however, the inability to obtain the full 

components of the refinery equipment, makes it difficult to use this index. In place of 

this, an estimate of the present equivalent cost of the four refineries built from 1965 to 

1989, is calculated using the Bank of England inflation calculator from each of the 

project award year to 2021 (Table 7). The cost sums up to be approximately US $7.5 

billion. Even though, this figure appears to be much smaller than the overall cost of 

building such refineries today, it does provide an appreciation of the total expenditure of 

building such assets, thereby justifying the need to ensure the refineries do not become 

economic drains.  

 

Ideally, operating the NNPC refineries on a profitable basis would necessitate selling the 

refined petroleum products (RPPs) in a free market environment, where prices would be 

determined by natural market forces. Unfortunately, the Nigerian downstream sector has 

long been under full government regulation, such that prices of RPPs are fixed by the 

government while the differentials are covered by oil subsidies (Akinola, 2018). 
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Ordinarily, this arrangement should present a variable cost for the government given that 

the cost of the differentials could either increase or decrease with time. Unfortunately, 

this is not the case as subsidy costs to the Nigerian government have consistently been 

on the increase growing from N349bn (US $918mn) in 2011 to N750bn (US $1.97bn) 

in 2019 (Mark, 2012; and Osae-Brown and Clowes, 2021). Chikwem (2016) opine that 

this increase is exacerbated by corruption, which encourages the responsible cabals to 

ensure that government efforts to revitalize the refineries continue to fail. Obviously, it 

would be difficult for government to continue to operate the NNPC refineries profitably 

under such conditions. Akinola (2018) and Wapner (2017) argue that subsidy issues in 

Nigeria also contribute to the erosion of profit margins across Nigeria’s refining sector. 

Context discussions of petroleum subsidy in Nigeria and its impact on the downstream 

sector was presented in Chapter One – Section 1.2.3.   

 

Other economic factors impacting on the performance of the refineries include poor 

exchange rates between the Nigerian Naira (N) and the dollar due to the disadvantage 

that Nigeria incurs from selling its RPPs at local currency (Naira) while it purchases its 

crude oil and related equipment in foreign currency (USD) (Akinola, 2018). Hence, 

small shocks in the local exchange rates exposes the refineries to more financial losses. 

For instance, the Nigerian Naira fell more than 25,000% from 0.77 Naira to the dollar in 

1982 to 199 Naira per dollar in 2015 and more than 91% to 381 Naira per dollar as of 

December 2020 and has continued to depreciate even further since then (Wapner, 2017 

and CBN, 2020). In addition, the operating capital for the refineries is on the increase 

(Iheukwumere et al., 2021), being compounded by other social problems such as pipeline 

vandalization as will be discussed in the subsequent section. 

2.4.3 Social Factors 

 

The social factors affecting the performance of NNPC refineries have multiple 

dimensions. These factors comprise the large-scale forces operating within cultures and 

societies, influencing people’s feelings and patterns of behaviour (Marmot and 

Wilkinson, 2006). NNPC refinery operations in Nigeria have often been confronted with 

problems associated with social issues. Such problems include the regular attacks on 

crude oil pipelines conveying products to and from the refineries. The disruption caused 

by this incidence to the supply chain logistics of the refineries is estimated to be 

responsible for 53% of the refinery shutdowns as compared to 47% due to equipment 
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breakdown (McKinsey, 2009). The scale of these attacks can sometimes lead to the total 

shut down of an entire refinery for a considerable length of time. For example, in 2001, 

NNPC GMD announced the temporary closure of Warri and Kaduna refineries for weeks 

pending the rehabilitation of the pipelines feeding the facilities as a result of a bomb 

explosion by militants on the trunk lines connecting the refineries (Oil and Gas Journal, 

2001). 

 

The fundamental causes of such hostilities have been widely debated. Okolo and Etekpe 

(2010) opine that unmet expectations of the indigenes of the Niger Delta from the 

companies operating in their environment, often fuel hostilities towards oil installations. 

This submission is consistent with the views of Edoho (2009) and Ekhator (2014) that 

despite the presence of some corporate social responsibility (CSR) projects in the Niger 

Delta, such as hospitals, markets, and school buildings; the impacts of such projects has 

fallen below the expectations of the host communities and therefore breeds tension in 

those communities. Whether it is the poor performance of the oil companies with regards 

to developing their host communities or the government that fails to hold up to their own 

bargain, remains an ongoing debate. However, there is evidence to suggest that 

corruption plays a huge role in this menace. For example, Akinola (2018) reports that 

some of the security personnel charged with the duty of protecting the oil and gas 

installations sometimes collude with the militants to perpetuate these crimes.  

 

Another form of corruption that appears to compound social issues in the downstream 

sector is the reported collusion of some NNPC and State officials with corrupt agents in 

the private sector towards the hoarding and diversion of refined petroleum products 

(Akinola, 2018; Ehinomen and Adeleke, 2012). A policy change from the government 

targeted at the stakeholders involved in these practices would be necessary to achieve 

true reforms in this area. Such policies must also encourage transparency and 

accountability across the activities of the NNPC to be effective.  

2.4.4 Technical factors 

 

The complexity of an oil refinery makes its technical aspect very paramount. Studies 

show that technical issues constitute one of the most fundamental challenges of NNPC 

refineries (Iwayemi, 2008; Turner, 1977; Eti et al., 2006; and Chima et al., 2002). Eti, 

Ogaji and Probert (2006) suggest that the performance of NNPC refineries have been on 
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the decline for years due to poor maintenance culture. The study reports that a reactive 

maintenance (to breakdowns) culture is prevalent across Nigerian industries, including 

the refineries. Similarly, Wapner (2017) acknowledged that poor maintenances practices 

contribute to the refineries’ sub-optimal performance.  Ideally, refineries are required to 

undergo scheduled turnaround maintenance (TAM) every 24 to 36 months of continuous 

operation (Duffuaa and Ben-Daya, 2004). TAM is a planned periodic shutdown of plants 

or machinery which may either be total or partial, for the purposes of repairs, overhaul, 

and maintenance operations (Obiajunwa, 2013). According to Duffuaa and Ben-Daya 

(2004), TAM is an essential component of the process industry, which provides the 

opportunity for repairs and services that rejuvenate declining equipment and precludes 

them from further disrepair and deterioration. 

 

Historically, turn around maintenance (TAM) in Nigerian refineries has often been 

caught in the web of politics and corruption (Wapner, 2017; Bush, 2008; and Iwayemi, 

2008). The last refinery in Nigeria (PHRC-II) built in 1989, only had its first TAM on 

schedule in 1991, the second TAM was done a year late in 1994 and the third, even three 

years late in 2000 (Wapner, 2017). Since then, there has not been any major TAMs until 

the ongoing pre-inspection for maintenance exercise commenced since 2019 across all 

the refineries. The same case was applicable to the Kaduna refinery, which had its first 

TAM in 1992, which ran over budget and was never satisfactorily completed. According 

to Busch (2008), the last TAM at the Kaduna refinery was commenced in 1998 and was 

also not completed.  

 

For the Warri refinery, available TAM records are incomplete as the records show that 

the last full turnaround maintenance (TAM) at this plant was done in 1994. No other 

record of a completed or partial TAM for this facility can be obtained at the time of this 

write up. The other problem with the TAMs of these refineries is that the project must 

be sanctioned by the federal government, thereby denying the refinery authorities the 

autonomy to embark on these activities as they see fit. In addition, Busch (2008) reported 

that such projects are often awarded without being carried out. In Nigeria, such cases are 

common for government-owned organisations - as can be seen in the Power sector, 

railways, and steel complexes - all of which have received fixes that failed (Iwayemi, 

2008; Eti, Ogaji and Probert, 2006; and Bamisaye and Obiyan, 2006). Furthermore, as 

noted in Section 2.4.4, the quality of training for local Nigerian engineers and technicians 

who work in the refineries needs to be reviewed with the aim of scaling up the programs 
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from a mere operational level to a more technical level that imbues the competence to 

fully troubleshoot, replace or rectify faults with major components.  

 

It is important to note that the maintenance culture for other organisations in Nigeria 

with optimum performance standards is remarkably different to that for the refineries. 

For example, the Nigerian Liquefied Natural Gas Company (NLNG) has managed to 

maintain an optimum performance standard across all their Trains 1 – 7 (LNG 

liquefaction facilities) since 1999 when production started at its first plant in Train 1. 

According to Iheukwumere et al. (2021a), the NLNG facility has detailed maintenance 

programs scheduled for the plants up to 10 years ahead! More importantly, there is an 

ongoing support from the original equipment manufacturers (OEMs) who monitor the 

status of each plant using digital twins (offsite electronic replica of onsite equipment) to 

determine when any production unit may require intervention long before an impact 

occurs (Iheukwumere et al., 2021a).  

 

One of the fundamental differences between the NLNG and the NNPC refineries is the 

structure of their contractual agreements with their original equipment manufacturers 

(OEMs). This is because while the NNPC’s contract with their OEMs are more 

transactional in nature through a turnkey arrangement, that of the NLNG embraces 

elements of ongoing partnership and support from the various OEMs for the entire asset 

life. This support from the OEMs, which has proven effective for the NLNG may hold 

a lesson for the refinery authorities.   

2.4.5 Environmental factors  

 

The impact of refinery activities on the environment constitutes one of the interesting 

topics of the modern environmental debate (Bevilacqua and Braglia, 2002; Otokunefor 

& Obiukwu, 2005 and Mirkouei, et al., 2016). The environmental factors that affect the 

performance of NNPC refineries have both social and cultural ramifications. Although 

this study could not obtain any records of carbon emissions and air pollution from NNPC 

refineries, the impact of the effluents released into the atmosphere due to refinery 

operations generally have the potential to cause environmental and health hazards 

(Wake, 2005 and Concawe, 2004). In addition, the incidence of oil spillage arising from 

pipeline vandalization of NNPC refineries (see Section 2.4.3) degrades the ecological 

environment (Nwilo et al, 2006 and Agunobi et al., 2014). Ragothaman and Anderson 
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(2017) opine that there has been growing concern for refineries in developed economies 

over emissions as well as the general quality of refined products. The requirement by the 

International Maritime Organisation (IMO) to limit the sulphur content of marine fuels 

to 0.5% in 2020 had a costly impact on the operations of refineries due to requirements 

for technical adjustments to their desulphurisation techniques (Van et al., 2019). 

Although these standards have been hardly experienced across refineries in Africa due 

to their poor performance, local authorities still require certain compliance to emission 

standards (Otokunefor and Obiukwu, 2005). In addition, refineries can face large 

financial loses through legal suits brought by host communities over claims for 

compensation on damages to the environment (Watts, 2006). Similar developments can 

also elicit anger from communities against refinery installations or attacks on refinery 

workers, especially when such compensations are not paid. These facts inform risk 

assessment while planning the development of oil refineries, especially in African 

countries. Particularly, in Nigeria, community grievances as a result of environmental 

degradation, which have a higher likelihood than elsewhere in the developed countries, 

may result in higher insurance premiums for new refinery projects and consequently 

increase the cost of operations (Cruz and Krausmann, 2013).  

 

The foregoing indicates that it is much easier to establish the impact of oil refineries on 

the environment than it is to state their claim over refineries’ operational performance. 

As such, it is not clear how environmental factors affect the performance of Nigerian 

refineries. Wapner (2017) indicates that the performance of NNPC refineries is impacted 

upon environmentally through health and safety issues. For example, the occurrence of 

frequent fires at NNPC refineries due to accidents usually increases the risk of loss of 

lives and property, including damage to oil installations and the environment. 

2.4.6 Legal factors  

 

The Nigerian oil industry has numerous pieces of legislations governing its activities.  

Particularly, in the downstream sector, there are four applicable laws relating to the 

building and operation of refineries. They include: The Petroleum Act (1969), the 

Hydrocarbon and Oil Refineries Act (1965), the Petroleum Refineries Regulation 

(1974), and the Department of Petroleum Resources (DPR) guidelines for the 

establishment of hydrocarbon processing plants (2008). The first three pieces of 

legislations establish the legal basis for a refinery to operate in Nigeria but have mostly 
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become outdated and unfit for purpose (DPR, 2017). Hence, the introduction of the 

newer DPR guidelines for private refinery construction in 2008.  

 

Unfortunately, Iheukwumere et al. (2020) observed that the new DPR guidelines also 

created some technical difficulties through the requirements of its three-stage licensing 

framework. Also, the absence of strong vetting systems in this licensing scheme in 

addition to the unclear path for transition from one tier of licensing to another, has seen 

not more than 3 companies out of 41 progress to the final licensing stage in more than 

10 years. 

 

The main legislation which is supposed to harmonise all the activities of the Nigerian 

petroleum industry, promoting transparency, while stimulating growth in the sector, is 

the Petroleum Industry Bill (PIB). Unfortunately, this bill spent about 17 years in 

Nigeria’s parliament without passing into law. However, in 2018, the bill was broken 

down into four different segments, namely: Petroleum Industry Governance Bill, Fiscal 

Regime Bill, Upstream and Midstream Administration Bill, and Petroleum Host 

Communities Bill. Eventually, the Petroleum Industry Governance Bill (PIGB) 

progressed through the parliament and was sent to the President for assent (Reuters, 

2018a). Unfortunately, the Presidency rejected this bill on the grounds that the new 

version of the bill whittles down Presidential powers on governance in the petroleum 

industry (Reuters, 2018b and Okon-Ekong & James, 2018). This development was 

perceived as unfortunate by many observers, who note that such a conflict of interest 

usually hinders progress in Nigeria’s downstream sector (Udo, 2018).  

 

A situation, where a head of government sees their right to exercise their powers over 

mineral resources at the expense of transparency and accountability is not only 

considered selfish but also dangerous for national development. According to Ernst & 

Young (2021), a reworked version of the bill was presented to the national assembly in 

late 2020 and has finally been passed and signed into law in August 2021.  

 

Table 9 shows the summary of the identified PESTEL factors that needs to be evaluated 

for the performance challenges of the NNPC refineries. 
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Table 10: A summary of the PESTEL factors to be evaluated for NNPC refineries’ poor 

performance. 

FACTORS REFERENCES 

Political Factors 

Govt interference Ogbuigwe, 2018; Akinola, 2018; Wapner, 2017; and Sayne, 

Gillies, and Katsouris, 2015 

Funding issues Chima, Owioduokit, and Ogoh, 2002; and Ambituuni et al., 2014 

Political indecision Chikwem, 2016;  

Political will Iwayemi, 2008; PwC, 2017 

Managerial appointments Sancino, Sicilia, & Grossi, 2018  
 

Economic Factors 

Cost of spare parts Kennedy-Darling et al., 2008 

Subsidy issues Akinola, 2018; Iwayemi, 2008; Ambituuni et al., 2014,  

Operating capital Eti et al., 2004 

Exchange rates Wapner, 2017 and Gary et al., 2007 

Profit margins Gary et al., 2007 
 

Social Factors 

Theft/attacks on pipelines Siddig et al., 2014; Iwayemi, 2008; Wapner, 2017 and Onuoha, 2008 

Illegal refining Ikelegbe, 2005; and Boris, 2015 

Security issues Boris, 2015 

Compensations Izere, 2010 

Collusion and sabotage Akinola, 2018; Siddig et al., 2014; Brazilian and Onyeji, 2012; 

Wapner, 2017 

Grievances and community disputes Ikelegbe, 2005; and Obi, 2009/2010. 

Technical Factors 

Maintenance issues Iwayemi, 2008, Bazilian and Onyeji, 2012, Siddig et al, 2014 

Ageing facilities Iwayemi, 2008; Ambituuni et al., 2014; Eti et al., 2004 

Facility design Eti et al., 2006, Turner, 1977 

Crude oil/Feedstock supply Eti et al., 2006 

Staff training Chima et al., 2002, Turner, 1977 

Staff competence Chima et al., 2002 
 

Environmental Factors   

Pollution (air, land and water) Van et al., 2019, and Bevilacqua & Braglia, 2002. 

Health and safety issues Wapner, 2017 

Penalties & Fines Lynch et al., 2004 

Legal Factors   

Petroleum Industry Bill issues Okoye, 2012 

Legal actions Lynch et al. 2004b 

Regulatory procurement issues Kallestrup et al., 2014 

Regulatory limitations on emissions Van et al., 2019 
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Figure 15: Schematic of government remedial efforts 

A discussion on how PESTEL can be combined with other methodological frameworks 

(both qualitative and quantitative) is presented in more detail in Chapter 3 (Section 3.9).  

 

However, in the following sections, a review of previous efforts undertaken by the 

Nigerian government to address the identified problems of the refineries is presented. 

2.5 Previous remedial government efforts to address the refining sector 

problems. 

 

Over the years, the Nigerian government has made some efforts to address the problems 

of the refining sector to ensure the steady availability of petroleum products in the 

country. Unfortunately, these efforts which involve several strategies by multiple 

administrations have not yet proven effective.  Iheukwumere et al., (2020) identifies the 

most important of these steps as:  

• The commencement of issuance of licenses in 2002 to private organisations to 

construct refineries in Nigeria. 

• Awards of contracts for the refurbishment of existing refineries in Nigeria in 2003 

• Attempted sale or divestment of the NNPC refineries to private organisations in 2007 

• The attempted removal of petroleum subsidy in Nigeria in 2011 

• The introduction of the 7 big wins by the Federal Government in 2015 as well as the 

enactment of the National Petroleum Policy (NPP) in 2017. 

 

The schematic structure of these steps is as shown in Fig 15.  
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2.5.1 Commencement of licensing for private refinery construction in Nigeria  

 

The creation of a licensing framework that seeks to encourage private sector 

participation in the downstream sector was re-initiated after Nigeria’s transition to 

democratic governance in 1999. According to Ross (2013) this was done to encourage a 

more sustainable growth in the oil and gas sector through the involvement of indigenous 

private companies to achieve more prosperity through local content development. 

Unfortunately, this measure has not yielded its expected benefits as not more than three 

companies (Niger Delta Petroleum Resources, Dangote Oil Refinery and Waltersmith 

Refinery) out of 41 issued licenses have made any significant progress in new refinery 

construction. Iheukwumere et al. (2020) identified some of these challenges to include 

unstructured refinery licensing scheme, poor vetting processes for licensing indigenous 

companies, shortage of local skills in refinery construction, and barriers for accessing 

sufficient capital. 

2.5.2 Award of contracts for the refurbishment of existing refineries in Nigeria 

 

Since 1999, there has been several announcements in the Nigerian news media of NNPC 

awarding contracts to fix the refineries. Unfortunately, as mentioned in Section 2.4.4, 

Busch (2008) opines that most of such awards either did not take place or were not 

completed. This claim is buttressed by the former NNPC Group Managing Director 

(GMD), Funso Kupolokun, who stated that not less than US $1bn was committed to the 

turnaround maintenance of NNPC refineries between 1999 to 2007 without achieving 

any results (Oluwagbemi, 2016). To this end, Faboyede (2010) notes that such practices 

are primarily driven by corruption, which involves multiple actors within both the NNPC 

and the federal government. 

2.5.3 Attempted sale of the NNPC refineries to private organisations 

 

In 2007, the outgoing Obasanjo administration engaged in a last-minute privatisation 

exercise to sell the Port Harcourt refinery to a consortium of Blue Star Energy owned by 

a handful of Nigerian billionaires (Oluwagbemi, 2016). This development led to a 

massive outcry by the Nigerian public through pressures mounted by the civil society 

groups on the government. Eventually, this action led to the overturn of the decision by 

the new Yar’Adua administration (Vanguard, 2015). Consequently, the refineries were 

returned to their original State-ownership status. Iheukwumere et al. (2021) notes that as 
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at September 2020, there were discussions within the management of NNPC to give up 

a controlling stake for the refineries in exchange for partnership with private foreign and 

local investors. 

2.5.4 Attempted removal of petroleum subsidy in Nigeria. 

 

The Jonathan administration in 2011 attempted to remove petroleum subsidy in a bid to 

eliminate the burden of subsidy costs on the government and also free the country of 

much needed funds to improve the refineries. This announcement drove the pump price 

of petrol from N65 (US $0.17) to N140 (US $0.37) - an increment of 115% (BBC, 2012). 

The development once again led to a public protest by the Nigerian Trade Unions, which 

eventually forced a partial reversal of the policy to a new price of N97 per litre of PMS, 

a 49% increment from the previous figure. The recurrent inability of the government to 

tinker with the pump price of RPPs suggest a need for an alternative approach.  

 

Although, experts believe a radical change is necessary to turn around the performance 

of these assets, unfortunately, there appears to be a public distrust with the way the 

government has attempted to carry out these initiatives. This is especially the case for 

the attempted privatisation of the refineries, which generated a lot of controversy about 

the national assets being converted to the private property of a handful of wealthy 

individuals to the detriment of the general public (Ahemba, 2007). Meanwhile, the 

Nigerian government now promises to remove the petroleum subsidy in 2022 following 

a downturn in the industry, and the economic impact arising from the COVID-19 

pandemic (Udo, 2020c). How this development will unfold and any reactions it might 

elicit over time is yet to be seen. 

2.5.5 Government’s introduction of 7 Big Wins initiative in 2015 and approval of 

the National Petroleum Policy (NPP) in 2017  

 

The 7 Big Wins initiative targets the reinvigoration of the refining sector through the 

complete rehabilitation of the local refineries to enhance their utilisation rates. It also 

incorporates the setting up of co-located modular refineries to enhance the supply and 

distribution of refined petroleum products around the country (Omoregie, 2019). 

Essentially, this strategy is targeted at transforming the country from a net importer of 

RPPs to a net exporter, such that the benefits of Nigeria’s oil resources can be maximised 

through GDP growth and employment generation.  
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On the other hand, the National Petroleum Policy (NPP) introduced in 2017 also restates 

the importance of a commercially viable and significant refining sector through the 

creation of additional value. The NPP hopes to achieve this through increased processing 

of oil into finished products. It also seeks to divest the refineries from the dominant 

control of government to a private sector-led control such that the necessary technical, 

commercial, and financial capabilities would be infused into the sector (KPMG, 2017).  

Experts suggest that achieving any of these objectives, would require a strong political 

will and a coherent strategy that will provide a reliable framework for its implementation 

(KPMG, 2017). This submission reflects the true state of Nigeria’s situation given the 

country’s notable weakness with policy implementation. Awuzie (2014), Makinde 

(2005), and Okoroma (2006), all agree that the lack of political will, corruption, and 

discontinuity in government programs consistently lead to policy implementation 

failures in Nigeria. This condition often constitutes a major barrier to the realisation of 

laudable government plans and objectives.  

 

It would be useful for the Nigerian government to adopt a means of measuring policy 

implementation at stage gates. This will help uncover key lessons for the success or 

failure of implemented policies which can benefit subsequent government programs. For 

instance, it should be noted that since 2001, there has been no government review of 

failed policies within the refining sector to understand the barriers to their success.   

 

Considering these difficulties, it may be worth evaluating a three-step approach to revive 

the declining downstream sector in Nigeria. 

2.6 Potential approaches for corrective action for the Nigerian refining sector 

 

Although this is not the actual focus of this study, a corrective action can be potentially 

achieved through strategic investment in the refining industry in Nigeria to restore its 

performance and optimise the benefits. The three approaches that can be evaluated 

include: 

• Investing to revamp the existing refining infrastructure and restoring them to 

their full operational capacity. 

• Investing to increase the installed processing capacity of the existing refineries. 

• Investing to build new refining capacity in Nigeria. 
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Implementing the first level approach would, in theory, restore the capacity utilisation 

of the existing refining infrastructure up to their installed nameplate capacity. However, 

with the estimated current demand for RPPs at about 700,000bpd, this capacity alone 

will not be sufficient and would require additional importation of about 35% – 40% of 

RPPs to augment the local capacity (Ogbuigwe, 2018). 

 

A second level approach would be to increase the capacity of the existing refining 

infrastructure above their current level to accommodate the growing demand for RPPs 

in Nigeria. As a second step to the first, more capacity would be achieved, especially if 

performance is maintained. However, the addition of refining capacity by NNPC should 

be borne out of four main considerations, namely:  

• The percentage annual demand growth for RPPs in Nigeria 

• The potential growing addition of spare capacity from private refineries in 

Nigeria 

• The growing desire of other neighbouring African nations to compete and supply 

their own domestic fuel, and 

• The future potential departure in world energy consumption from fossil fuels to 

green renewable energy. 

Balancing these variables will not be an easy undertaking, as some will be hard to 

predict. For example, the progress rate for neighbouring countries to acquire their own 

refining capacity and its impact on Nigeria’s export capacity, the growth rate of Nigeria’s 

private refining sector, and the adoption rate of African economies for green energy and 

its corresponding impact (reduction) in fossil energy demand. There is a need for a 

careful determination of any capacity expansion by the NNPC as a careless approach to 

such a strategy would potentially lead to a market glut. Maples (2000), Gary et al. (2007) 

and Cross et al. (2013) all agree that growing competition between refiners in an already 

saturating global market further erodes the margins for many refiners and has contributed 

to the closure of many refineries in Europe and North America.  

2.7 Nigerian Petroleum Distribution Network 

 

Nigeria has 5,001km length of oil pipeline that distributes petroleum products - PMS, 

AGO and DPK – in the country. These pipelines are owned by the NNPC through its 

subsidiary, the Pipeline and Products Marketing Company (PPMC) (Ambitunni et al., 
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2015). Figure 16 is a map of Nigeria showing the network of petroleum pipeline 

infrastructure for oil distribution in Nigeria. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Ambituuni et al., 2015 

 

According to Akpogomeh et al., (2006) and Aronsayin (2005) most of Nigeria’s oil 

pipeline network are buried about 3ft deep on an 11.5ft (3.5-metre) wide Right of Way 

(ROW) to avoid accidental contacts. The pipelines are made up of steel with diameters 

in the range of 6 to 24 inches. These pipelines link the four refineries and import-

receiving jetties to 21 oil storage depots nationwide. Overall, pipeline transport makes 

up about 70% of the refined petroleum products transported from the refineries to the 

depots. The other means of transport are by road through trucks and formerly by rail and 

marine jetties in minor quantities (Akpogomeh et al., 2006). Unfortunately, due to the 

dilapidation of Nigeria’s rail infrastructure, as well as the Jetties at Warri, Calabar, 

Apapa, Atlas Cove and Okrika, the rail and jetty means of transport for RPPs are mostly 

moribund at present (2021). The state of pipeline and other distribution infrastructure for 

RPPs are important to refining operations as regular inflow and outflow of products 

contribute to the success of refinery operations. 

 

Available data indicates that across the NNPC refineries, pipeline transport for RPPs 

vary in percentages. For example, in 1988, only 36% of products from Port Harcourt 

Figure 16: Petroleum pipeline distribution network in Nigeria. 
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refinery was transported by pipelines, while the figures for WRPC and KRPC were 47% 

and 49% respectively for the same year (Akpogomeh et al., 2006). Unfortunately, 

accurate present figures for pipeline transport for RPPs to each of the refineries cannot 

be obtained at the time of this write up, but Ogbuigwe (2018) suggests that the recurring 

incidence of pipeline vandalization in the Niger Delta region has compromised pipeline 

transport as a reliable means of product movement in the region and has caused some of 

the refineries to switch to alternative ways of shipping crudes to their plants at higher 

costs. For example, the incessant vandalism experienced along Escravos-Warri pipeline 

route has led NNPC to switch to the use of vessels to send crude oil to Warri refinery at 

an additional cost of US $4.20 per barrel – a contract that amounts to over US $7m per 

month and constitutes an additional burden to the refineries’ operating costs (Ogbuigwe, 

2018).  

 

Aside from the significant cost of repairs that goes into pipeline damage, the associated 

loss of oil revenue can be as substantial. For instance, Akinola (2018) reports that 

between 2009 – 2011, it cost US $5bn to repair damaged oil pipelines caused by 

militancy and another US $10.9bn of losses in oil revenue. It suffices, therefore, to say 

that the cost of breaches to pipeline transport in Nigeria has multiple implications – loss 

of revenue due to product losses, associated cost of repairs & maintenance as well as 

contamination of the environment due to oil spillage. It would be difficult for the NNPC 

refineries to scale profitably alongside improved performance under such mounting 

social and financial challenges, especially for an industrial sector that already suffers 

from low profit margins (Cross et al., 2013 and Maples 2000). Confronting the 

challenges around the safety and reliability of petroleum pipeline infrastructure in 

Nigeria would, therefore, be crucial for the sustainable operations of the refineries.  

 

According to PwC (2017) improving Nigeria’s oil refining and supporting infrastructure 

can be achieved through private sector led partnerships. Public Private Partnership (PPP) 

is a known mechanism that can provide a pathway for the attainment of such goals by 

governments. 

2.8 Public private partnership (PPP) 

 

Public Private Partnership (PPP) has been suggested by both experts and scholars alike 

as a viable means of building Nigeria’s infrastructure, including the downstream assets 
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such as refineries (PWC, 2017; Iheukwumere et al., 2020; and Unya, 2015). According 

to Vining et al. (2008) and Yescombe (2011), PPPs are partnership arrangements 

between a public sector entity and a private sector entity, which are created for the 

development and management of public infrastructure or assets for a specified period 

based on agreed commercial terms. PPPs essentially, represent a form of shared service 

delivery between the public and private sector, in which the private sector supports a 

public sector project through financing, construction, or management of the asset in 

return for a stream of income from the government or indirectly from the users 

(Boardman et al., 2005; Vining et al., 2008).  

 

There has been concerns over sustainable use of PPPs in Nigeria, mainly due to a lack 

of trust for government’s contribution and possible expropriation by future 

administrations (Akanfe et al., 2014; PWC, 2017). Hodge and Greve (2016) also report 

that the assessment of the success of a PPP is often hampered by the lack of a shared 

understanding of what a PPP is, as well as the secrecy surrounding their financial details.  

However, studies have shown that PPPs, when carefully designed and managed can yield 

better economic outcomes, and thereby help a country such as Nigeria develop its critical 

infrastructure like its oil refineries (Akanfe et al., 2014). 

 

Considering that the construction of oil refineries is usually capital intensive (PwC, 

2017), governments are often confronted with the challenge of raising sufficient capital 

to undertake such projects, especially in the face of other competing projects, such as the 

provision of healthcare facilities, schools, roads, and bridges. PPPs typically play 

significant roles towards providing the needed capital, as well as the managerial 

competence to actualise such projects (Wang et al., 2020). For this reason, the adoption 

of PPPs by the Nigerian government to procure or refurbish its oil refineries would be a 

reasonable alternative to consider. 

 

It should be noted, however, that the sustainability of any built infrastructure project 

relies on proper management of the built assets. One of the ways to ensure the proper 

management and efficient performance of an oil refinery is by adopting measurable key 

performance indicators (KPIs). Such KPIs provide a reliable basis for assessing the 

operating efficiency of an asset. 
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2.9 Assessment of performance challenges of Nigeria’s refineries and Key 

Performance Indicators (KPIs) 

 

There is hardly any consensus in relevant literature on any set of universal KPIs for 

measuring the efficiency of an oil refinery. As each refinery is unique in their 

configuration, so are their modes of operations. Moreover, it appears that efficiency KPIs 

across oil refineries vary between studies. While some studies focus more on energy 

utilisation efficiency, others prioritise throughputs, operational costs, or a combination 

of other factors (Azadeh et al. 2015; Francisco et al., 2012 and Li et al., 2017). 

Unfortunately, previous studies across Nigeria’s refineries have assessed the 

performance of these facilities as isolated cases from the lens of a particular background 

of study. As such, there has not been a single study assessing all the refineries and their 

challenges from a holistic viewpoint. For example, Badmus et al. (2012) appraised the 

performance of government-owned refineries in Nigeria using exergy analysis. Their 

study revealed that energy consumption patterns of the NNPC refineries fall below 

international benchmarks.  Jesuleye et al., (2007) replicated this study using Port 

Harcourt refinery as a case study. He observed that for over the 16-year study period, 

the yearly energy demand level of the refinery far exceeded the stipulated refinery 

standard.  

 

Ngwu (2014) carried out extant analyses of Nigeria’s downstream oil sector and 

observed that the drivers of its underdevelopment were inefficiency, corruption, 

mismanagement, excessive subsidising, and bureaucratic bottlenecks. Ogbuigwe (2018) 

took a different perspective and examined the history, challenges, and prospects of the 

NNPC refineries and recommended a full rehabilitation of the refineries and a transfer 

of their management to a fully commercial governance structure. Akinola (2018) 

reviewed the implications of globalisation and oil sector reform in Nigeria and 

recommended effective deregulation of the Nigerian oil industry. Iwayemi (2008) 

examined the challenges of Nigeria’s dual energy problems along policy lines. He 

observed that Nigeria’s dismal energy standards negatively impact on its local 

population and recommends a radical reform of the sector to eliminate corruption and 

achieve transparency. Igboanugo et al. (2016) carried out a study to identify some of the 

important factors affecting the operations of the Warri refinery.  He observed that a 

correlation exists amongst the multifaceted variables such as equipment reliability, 

safety issues, technology limitations, turnaround maintenance and political uncertainties.  
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A thorough review of these studies showed that none attempted to show any causalities 

or interrelationships amongst these factors. This study attempts to bridge this gap by 

examining all identified causal factors from a holistic viewpoint. However, to achieve 

this evaluation requires an appropriate selection of relevant KPIs to assess the 

performance of this industry.  

 

Technically, the measurement of efficiency was established by the work of Farrell 

(1957), which considered the ratio of input to output in organisations. However, Farrell’s 

work has been extended over time by other scholars to incorporate different measures 

based on the priority of the organisation under study (Charnes et al., 1978). Atris (2020) 

synthesised numerous methodologies employed by various scholars who assessed 

refinery efficiency using several input and output measures. Table 11 presents a 

summary of the relevant studies and their themes. 
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Table 11: Synthesized efficiency KPIs 

Authors Description Inputs Outputs Key themes 

Azadeh et al. 

(2015) 

This study presented a combined 

approach for evaluating the 

performance of 5 gas refineries in 

Iran over the period 2005–2009. 

Number of personnel 

Total costs (except the 

cost of goods sold 

(COGS)) 

Personnel education 

cost 

R&D cost 

Fixed non-current assets 

Stock turnover 

Asset turnover ratio 

- 

Current assets turnover 

ratio 

- 

Amount of refinery’ s 

fuel 

consumption/amount of 

received sour or sweet 

gas 

• Return on sales 

• Operating earnings 

• Net income 

• Return on assets 

• Capital return 

• The amount of gas sent to the 

torch/the amount of received sour or 

sweet gas 

• Operating capacity divided by 

nominal capacity 

• Operating capacity of each LPG 

production unit divided by design 

capacity of each LPG production 

• Operating capacity of each 

refrigeration and dew point control 

unit divided by design capacity of 

each refrigeration and dew point 

control unit 

• Operating capacity of each sulphur 

production unit divided by design 

capacity of each sulphur production 

unit 

• Operating capacity of each liquid’s 

stabilization unit divided by design 

capacity of each liquid’s 

stabilization unit 

Operating capacity of each dehydration 

unit divided by design capacity of each 

dehydration unit. 

Profitability  

Capacity utilisation 

   

 

https://www.sciencedirect.com/science/article/pii/S0301420719306671#bib3
https://www.sciencedirect.com/science/article/pii/S0301420719306671#bib3
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Authors Description Inputs Outputs Key themes 

Francisco et al. 

(2012) 

This study assessed the 

environmental efficiency for 10 oil 

refineries in the public sector in 

Brazil in 2004 

Idleness percentage of 

the operating plant 

The amount of water 

consumed 

Desirable: (refinery production volume) 

 

Undesirable: (generated effluents) 

Downtime  

Effective productivity 

 

Li et al. (2017) This study examined the 

sustainable performance for 15 

refineries in China 

Asset-liability ratio 

Comprehensive energy 

consumption per unit of 

output 

Entire cost per unit 

 

Solid waste emissions 

per unit of output 

 

Wastewater emissions 

per unit of output 

Waste gas emissions per 

unit of output 

Employee turnover rate 

Return on assets 

Asset turnover 

Investment intensity in science and 

technology 

R&A personnel 

Comprehensive commodity rate 

Environmental protection cost per 10 

thousand Yuan of output 

“three wastes” 

disposal rates 

social contribution rate 

income per capital. 

Profitability 

 

Song and Zhang 

(2009) 

This study presented a method for 

evaluating and predicting oil 

refineries performance, using two 

different techniques. 

Manpower cost index 

 

Operation cost index 

Return on average capital employed 

 

Operation cost added value index 

 

Manpower cost added value index 

Operating cost 

https://www.sciencedirect.com/science/article/pii/S0301420719306671#bib13
https://www.sciencedirect.com/science/article/pii/S0301420719306671#bib13
https://www.sciencedirect.com/science/article/pii/S0301420719306671#bib19
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Authors Description Inputs Outputs Key themes 

 

Assets added value index 

Mekaroonreung 

and Johnson 

(2010) 

This study Investigated the 

technical efficiency of 113 US oil 

refineries in operation over two 

years, 2006–2007. They found that 

domestic refineries could improve 

efficiencies regardless of the 

different DEA assumptions. 

Further, environmental regulations 

reduced the amount of potentially 

desirable outputs produced by some 

facilities. 

Equivalent distillation 

as a proxy of capital 

 

Energy 

 

Crude oil 

Gasoline 

 

Distillate 

 

Toxic release 

Utilisation capacity 

Source: Adapted from Atris (2020)

https://www.sciencedirect.com/science/article/pii/S0301420719306671#bib25
https://www.sciencedirect.com/science/article/pii/S0301420719306671#bib25
https://www.sciencedirect.com/science/article/pii/S0301420719306671#bib25
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From Table 11, some key themes that unify most of the input/output variables can be 

observed. These themes are capacity utilisation, operating costs, and downtimes. Given 

that these measures are consistent with the established problem statement of this study 

(see Chapter One – Section 1.2), this research adopted these three indices as the main 

criteria to assess the performance of the NNPC refineries. These criteria shall be 

presented alongside the Analytical Hierarchy Process (AHP) as part of the research 

methodology in Chapter Four. 

2.10 Chapter Conclusion  

 

This chapter established the context relevant to provide an understanding of the 

problems of Nigeria’s downstream sector. To this end, it illustrated Nigeria’s oil sector 

across the energy supply chain as comprising the upstream sector (exploration and 

production; midstream sector (oil storage, processing, and transportation); and 

downstream sector (oil refining, marketing, and distribution). It further described the 

economic importance of crude oil to the Nigerian government as the mainstay of the 

nation’s economy. Secondly, it reviewed the various challenges of the downstream oil 

sector in Nigeria and identified that these issues cut across a wide range of factors. This 

includes political, economic, social, technical, environmental, and legal factors. These 

factors, which would be evaluated by this study, were summarised in Table 10 (Section 

2.4). Thirdly, a review of relevant Key Performance Indicators (KPIs) for measuring 

the performance of oil refineries was carried out in this chapter. As a result, the main 

KPIs adopted by this study to assess the performance of the NNPC refineries are 

capacity utilisation, operating costs, and operating runtime/downtime.  

 

Finally, the chapter reviewed the previous measures undertaken by the Nigerian 

government to address the challenges of the refining sector. As such, it noted these 

measures to include the issuance of licenses to private indigenous companies to 

construct refineries, the award of contracts to refurbish existing refineries, the attempted 

sale of the refineries to private investors, the removal of petroleum subsidy to unburden 

the government and free public capital to fund the refineries, and the enactment of 

National Petroleum Policy (NPP) to divest the refineries from government control. This 

study argues that the failure of the implementation of these initiatives is mainly due to 

the fact that these approaches were attempted from isolated standpoints rather than from 
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a coherent holistic viewpoint. As such, it proposed the adoption of a holistic approach 

to understand the causal interrelationships amongst the factors that lead to inefficiency. 

 

The next chapter discusses the concept of systems thinking as an underpinning theory 

with a holistic approach for dealing with complex organisational problems. 
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CHAPTER THREE: UNDERPINNING THEORY AND CONCEPTUAL 

FRAMEWORK  

 

3.1 Introduction 

This chapter connects the previous literature and the underpinning theory for this study, 

thereby establishing its conceptual framework.  
 

The chapter also aims to identify the optimal methods within the constraints of the study 

to explain the causal interrelationships amongst the multiple factors leading to the 

performance challenges across the NNPC refineries.  Lastly, the overall conceptual 

framework evaluated through systems thinking covering political, economic, social, 

technical, environmental, and legal (PESTEL) factors, is presented. 

3.2 From systems to systems thinking 

 

According to Sherwood (2011), there were two pioneering works that laid the 

foundations for systems to be studied as their own subject: Weiner (1948) with his 

publications on cybernetics, which examined the basis of control with respect to 

information flow; and Forrester (1961) with his industrial dynamics, in which he 

examined complex commercial and managerial systems to infer better decision-making 

in organisations. However, more recently, other notable works in the field such as 

Limits to Growth by Meadows et al. (1972), and Fifth Discipline by Senge (1990) 

appear to have made as much impact.  

 

 Meadows (2008) defines a system as an interconnected set of elements that is 

coherently organised in a way that achieves something. This definition aligns with the 

view of Kim (1990), who defined a system as a group of interacting, interrelated and 

interdependent parts that form a unified complex whole with a specific purpose. This 

compares well with the definition of a system in the Oxford dictionary, which defines 

a system as a set of things working together as parts of a mechanism or an 

interconnecting network, a complex whole. From these definitions, it appears that 

elements (things) are being interconnected with some purpose. Building on this 

concept, Meadows (2008) illustrated some examples of systems sharing these 

attributes, as shown Table 12. 
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Table 12: Some examples of systems and their attributes 

System Elements Interconnectedness Purpose 

A football team Players, coach, referee, 

field etc 

The rule of the game, 

players communication, 

coach’s strategy etc 

To score and win, 

have fun, exercise, 

make money. 

 

An organisation Workers, managers, 

cleaners, buildings etc 

Communication amongst 

employees, cooperation, 

management of work and 

team, policies and 

procedures 

Make money 

(profits) and grow, 

serve the community. 

 

A digestive 

system 

Teeth, oesophagus, 

intestines, enzymes etc 

Communication and 

exchange between the 

constituent parts 

Break down food and 

nourish the body. 

 

A forest Trees, bushes, animals Trees provide food and 

shade for some animals; 

animal dungs provide 

manure for some trees. 

Survival  

 

A school Students, teachers, 

classrooms etc 

Teaching, examinations, 

admissions, graduation 

Discover and pass 

knowledge across 

and award 

recognised 

certificates 

Source: Meadows, 2008, amended by author. 

 

However, before assigning the label “system” to things, Meadows (2008) calls for 

caution as not everything can be regarded as a system. For example, a new apartment 

building with different people that are not communicating or working towards any 

common goal is not yet a system until such a purpose and interactions emerges. 

Similarly, a dead body is no longer a system as the functionalities within the living parts 

of the body ceases even though the body can constitute an addition to the wider 

ecological system in terms of manure generation. This submission appears to be 

consistent with the views of Ackoff (1994) who also acknowledged that a system as a 

whole is one that cannot be divided into independent parts, such that its performance 

can never be equated to the sum of the actions of the parts taken separately. Just like a 

disassembled human body loses its overall essence when divided into separate parts, a 

system must depend on the interactions of its component parts to satisfy its purpose.  
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Meadows (2008) argues that systems can change, adapt, goal-seek, and even respond 

to events. They can be resilient, evolutionary, and self-organising. Systems can be 

embedded in systems, which can also embed other systems. This implies that systems 

can sometimes be organised in hierarchies to incorporate other sub-systems. Examples 

include a tree in a forest, the earth in the solar system, a department within an 

organisation, the digestive system in a human body, a ministry within a Federal 

Government and a refining sector within a wider industry segment.  

 

Foster-Fishman et al. (2007) suggests that changes in system parts (elements) can alter 

the characteristics of the system as much as changes to its interconnections and purpose. 

A football team, a university or a national assembly of a country will essentially remain 

a system even though their parts (members) change from time to time. If their purpose 

and interconnections essentially remain the same, systems may still retain their name.  

3.3 Systems Thinking - Origins and Foundations 

Sherwood (2011) reports that the earliest reference to the concept of systems thinking 

is credited to Aristotle some 2,300 years ago. In his Metaphysics, Aristotle is quoted as 

stating: 

“Now anything that has a plurality of parts but is not just the sum of these, like a heap, but 

exists as a whole beyond its parts, invariably has a cause”. 
 

This description appears to be the first in literature to convey the general idea of a 

system. However, since the 20th century, systems ideas appear to have developed as a 

field of inquiry and practice extending from various disciplines such as biology 

(Bertalanffy, 1946/1968), anthropology (Ashby, 1961; and Bateson, 1972), 

mathematics (Weiner, 1948), computer science (Forrester, 1968).  and management 

(Checkland, 1981; Senge 1990; and Ackoff, 2003).  Peters (2014) and Arnold & Wade 

(2015) seem to agree that the term systems thinking can be credited to Barry Richmond, 

who in 1987 proposed a common language and framework for sharing specialised 

knowledge, expertise, and experience. Since then, the term has been defined by various 

scholars in different ways but along what appears to echo unifying themes: wholeness, 

interconnectedness, and complexity.   

 

Senge (1990) described systems thinking as a discipline for seeing wholes rather than 

parts, for observing patterns of change rather than static snapshots, and for 

understanding the subtle interconnectedness that give systems their unique character. 
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Goodman (1997) defined it as a holistic approach to analysis that focuses on how the 

constituent parts of a system interrelate and act over time within the context of larger 

systems. Cabrera (2006) observed that systems thinking is interdisciplinary and bridges 

the physical, natural, and social sciences. They argued that the concept of systems 

thinking has gained in popularity because of its promise to conceptualise issues and 

solve complex problems. Monat and Gannon (2015) synthesised the definition of 

systems thinking using over thirty key publications on the subject. They opine that 

systems thinking appears to encompass three main themes: perspective, language, and 

a set of tools. 

3.3.1 Systems thinking as a Perspective: 
 

Monat and Gannon (2015) observed that systems thinking is opposite to traditional 

linear thinking and focuses on relationships amongst components of a system rather 

than the components themselves. In addition, aside from the fact that systems thinking 

allows for the ‘breaking up’ of larger systems into sub-systems for analytical purposes, 

Monat and Gannon (2015) argue that systems thinking differs from “dissective” 

scientific thinking and attempts to study systems holistically. This approach requires a 

vision of the future and an understanding of the past. As a perspective, the researchers 

acknowledged that systems are dynamic and are subject to forces of feedback 

mechanisms, some of which are reinforcing while others are de-stabilizing. According 

to Goodman (2002), to view systems thinking in perspective, a linkage to the Iceberg 

Model would be beneficial.  

 

The Iceberg Model explains that events and patterns which are observed in 

organisations normally develop from hidden systemic structures, which in turn are 

derivable from people’s mental models. Just like an iceberg in the ocean, the model 

argues that while events and patterns are observable (above water level), systemic 

structures and mental models are not as obvious (below water level) (Lisa et al, 2012). 

A clearer explanation for this is offered by the works of Blokland and Reniers (2020), 

who present the Iceberg Model as four levels of thinking.  In their submission, the first 

level of the iceberg model is concerned with the basic information or data for what 

happened, where, how, and when, which are all observable or collectable data from the 

Event. The second level is then built on the richer picture which can be drawn from a 

deeper level when the data is collected for a longer time frame to reveal Patterns and 
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Trends. The causes behind these patterns and trends can then be drawn from a much 

deeper level of thinking that shows how the interplay of factors bring about these 

observable outcomes. At this level, Blokland and Reniers (2020) argue that it is critical 

to understand how the factors interact due to how the systems are structured (Systemic 

structures). And yet the deepest level of thinking of the iceberg model that hardly comes 

to the surface are referred to as the Mental models. This is the reflection of the views, 

attitudes, and values of the individuals within the system (organisation) and the overall 

influence of the organisation on how things should or should not work. Figure 17 

depicts the iceberg model and mirrors it on the Nigerian refining sector.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author generated, inspired from Goodman, 2002. 

 

Figure 17 indicates that each level of the iceberg model is important and helps provide 

critical answers to the underlying situation of the Nigerian refining sector. Table 13 

presents a summary explanation of the iceberg model. 

 

 

 

 

Figure 17: The Iceberg model as compared to the Nigerian refining sector. 
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Table 13: The iceberg model explained. 

Iceberg 

Concept 

Relationship to Nigeria’s Refining Sector Perceptibility Water 

level 

Events Lack of sufficient locally refined petroleum 

products in the country 

Can be observed 

(Obvious) 

Above 

Water 

Patterns Continuous lack of adequate locally refined 

petroleum products occasioned by frequent 

refinery breakdowns. Product shortage 

continuously being filled by imports. 

Not obvious 

B
elo

w
 W

ater 

Systemic 

structures 

What drives the sub-optimal performance of the 

Nigerian refineries? Organisation structure of 

NNPC Group? Govt control? 

Not obvious 

Mental 

models 

What are the thoughts of the stakeholders of the 

Nigerian refining industry? How are things 

perceived in this industry by the people who run 

the affairs and the people whose lives are 

affected by the outcome?  

Not obvious 

 

3.3.2 Systems thinking as a language:  

 

As a language, Monat, and Ganot (2015) identifies several key terminologies of systems 

thinking which incorporates the concept of the iceberg model such as events, patterns, 

systemic structures, and mental models; and those of other system properties such as 

self-organization, emergence, feedback, and unintended consequences. They further 

argued that systems thinking tools such as causal loop diagrams and stock & flow 

diagrams constitute effective systems thinking language for communicating inter-

relationships amongst components. 

 

Table 14 provides a summary definition of some of the key systems thinking terms 

essential for understanding systems knowledge. 
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Table 14: Systems thinking terms and definitions 

Systems Thinking 

Terms 

Definitions 

Boundary The borders of the system, determined by the observer, which 

determines where control action can be taken. 

Emergence This is the property of a system which is developed as a result of the 

combined interrelationships from its various components (sub-

systems), which are not possessed by the constituent components 

(sub-systems) on their own. Essentially, these are properties which 

emerge as a result of the assembly of sub-systems e.g., the concept 

of countries from regional or state governments, schools of fishes, 

the murmuration of (starling) birds etc. 

Feedback The return of information or response about the status of a process. 

Environment The context or space outside the system boundary which may affect 

the behaviour of the system. 

Perspective A way of experiencing in a cognitive way, that which is shaped by 

our unique personal and social histories.  

Hierarchy  Layered structures about a system forming a continuum of levels in 

organisation. 

Complexity The characteristic of a system having many components and the 

different ways in which these components interact. 

Unintended 

consequences 

Results of actions that were neither planned nor foreseen arising due 

to a lack of systems thinking. 

Self-organisation The tendency of systems to develop patterns or structures without 

the intervention of a designer or central plan. 

Leverage point An area where a small change can yield a large improvement in a 

system.  

Events Things that happen which we can see or observe 

Patterns Sets of recurring and consistent observable events 

Systemic structures The underlying inter-relationships that drive the components of the 

system 

Mental models Paradigms or belief structures that attempt to interpret or simplify 

the world in which we live. 

Source: Monat and Gannon (2015) 

 

These systems thinking terms enrich the language for communicating complexities and 

interdependencies.  Goodman (1991) infers that systems-thinking, as a language, also 

possesses certain qualities useful for discussing and analysing complex issues. Such 

qualities include: its focus on closed interdependencies, its ability to provide visual 

diagrams using some of its tools, such as causal loop diagrams (CLDs), and its power 

to force mental models into visible pictures. 
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3.3.3 Systems thinking as a tool:  
 

As a tool, Monat, and Gannon (2015) mapped out five distinct criteria to identify the 

tools fundamental to systems thinking. They explain that these tools must be widely 

applicable to most systems, must be well described in systems thinking literature, must 

be easy to use and understand, must address one of the concepts of systems thinking 

and must focus on the understanding of existing systems. As such, they outlined the 

following tools as basic to systems thinking: systems archetypes, behaviour over time 

graphs, causal loop diagrams (CLD) with feedback and delays, systemigrams, stock and 

flow diagrams, system dynamics/computer modelling, root cause analysis (RCA) and 

interpretive structural modelling (ISM).  

  
The foregoing essentially suggests that systems thinking promotes the understanding 

that the world is made up of interconnected and hierarchical social and technical 

entities, which are organised to produce unique behaviours that are not often likely to 

be predicted from observing the parts of the systems in isolation. As such, the 

fundamental tenet of systems thinking is that real and complex problems can best be 

interpreted as networks of interconnected feedback loops (Sherwood, 2011). This 

network of interconnected feedback loops is represented as causal loop diagrams, which 

form the backbone of systems thinking modelling.  

3.3.3.1 Causal Loop Diagrams (CLDs) 
 

Videira et al. (2014) and Sterman (2010) note that causal loop diagrams are systems 

thinking tools for showing interrelationships between causal variables within a system. 

CLDs are used to demonstrate the behaviour of cause and effect by mapping 

relationships between variables in a system and also identify their feedback loops.  

CLDs normally interconnect variables in a system in given directions using positive or 

negative sign notations accordingly (Iheukwumere, et al., 2021b). A simple CLD 

network in which an increment in variable A leads to an increment in variable B is 

considered to be moving in the same direction and is represented by a curly arrow from 

A to B with a positive sign notation (+). While a network in which an increment in 

variable B leads to a decrease in variable C is considered to be moving in opposite 

direction and is represented by a curly arrow from B to C with a negative sign notation 

(-). This convention is illustrated by Figure 18 as shown.  
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According to Sterman (2010) and Sherwood (2011), CLDs are usually drawn using the 

most important (significant) variables in the system to express more relevant 

relationships that keep system diagrams simpler.  

 

It is important to note that two kinds of loops are distinguished in causal loop diagrams 

– a reinforcing and a balancing feedback loop (Sherwood, 2011; Sterman, 2010 and 

Meadows, 2008). 

 

A reinforcing loop (denoted by R with a clockwise arrow) is considered a positive 

feedback loop in which an action from a variable within a system produces a change in 

the system, which furthers more of the same action leading to further increase or 

decrease in the system property (Iheukwumere et al., 2021b). As implied by its name, 

reinforcing loops re-enforce the behaviour expressed by the system property producing 

further growth or decay in the system (Sterman, 2011). These loops are determined in 

a system with arrows bearing all positive sign notations in a loop or by arrows bearing 

all positive sign notations with an even number of negative sign notations in a loop 

(Meadows, 2008 and Kim, 1992). A simple example of a reinforcing loop can be 

illustrated by the effect of an interest rate on a principal deposit over time (Figure 19). 
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Figure 18: Causal loop diagram 

Figure 19: Reinforcing and balancing loops 
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Conversely, a balancing feedback loop (denoted by B with a counter-clockwise arrow) 

is considered a negative feedback loop and is expressed in a system, where an action 

through a variable produces a counteracting force to oppose further growth or decay in 

the system property. Balancing loops are characterised by an odd number of negative 

sign-bearing arrows in a loop, which may be interconnected with some positive sign 

arrows. These loops are goal-seeking in nature by acting to move the system from one 

state to a desired state by closing the gaps between the two states. These examples are 

illustrated as shown in Figure 19. 

3.4 Hard and Soft Systems approaches 

 

 Hard and soft systems approaches are systemic viewpoints introduced by Checkland 

in the 1970s. According to Checkland (1978/1981), soft systems approach or soft 

systems methodology (SSM) is a strategy for analysing complex systemic problems 

with a view of identifying acceptable improvements to the system. SSM acknowledges 

systems as epistemological constructs rather than real world entities as different 

stakeholders interpret the problems of the systems differently (Checkland and Scholes, 

1990). Hasan (2011) opine that to achieve an improvement in a system, SSM utilises 

information gathering techniques such as qualitative and quantitative methods of 

enquiry, including observations to build a model consistent with the various viewpoints 

drawn from data gathering. Checkland (1981) observes that human organisational 

problems are typically representative of soft systems approach as the problems appear 

messy and less defined. Therefore, SSM requires a creative and intuitive approach to a 

solution that is geared towards an organisational improvement through learning and 

better understanding rather than a defined solution. 

 

On the contrary, hard systems thinking assumes that systems have a clear purpose and 

well-defined goals (Hasan, 2011). It is ideal for problems which can be modelled with 

precise objectives having solutions expressed in precise quantitative mathematical 

models. Examples of hard systems include engineering systems and operations research 

models requiring a scientific approach to problem solving to provide a precise solution. 

Hard systems approach represents the traditional way of viewing systems in computer 

science. It requires rigid techniques and procedures to provide unambiguous solutions 

to data processing problems (Cairns, undated). 
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This implies that while the problems relating to the complex engineering and technical 

systems at the refineries may benefit from a hard systems approach; the management 

issues which form the focus of this study will benefit from a soft systems approach. 

3.5 Systems Thinking in Engineering and Management 

 

The fields of systems engineering, and management present some overlap. According 

to the International Council on Systems Engineering, INCOSE (2019), the systems 

engineering (SE) perspective is based on systems thinking. As such, SE may be 

described as an interdisciplinary field that encompasses engineering and management 

in a manner that focuses on approaches to design, integrate, and manage complex 

systems over their life cycles. Some studies further demonstrate the usefulness of 

systems thinking in Engineering and Management studies. For example, Chan (2015) 

used systems thinking to present a set of useful concepts in the design and operation of 

engineering systems. Monat and Gannon (2018) used systems thinking concepts to 

show how catastrophic failures can be avoided in complex engineering designs.  

 

However, Mingers and Leroy (2010) opine that the importance of systems thinking in 

management sciences was first recognised by Ackoff (1962) and Churchman (1968). 

Similar studies imply that systems thinking may be leveraged by organisational 

management through policy and strategy to lower costs, improve performance and staff 

motivation and increase customer satisfaction (Forrester, 1997; and Duggan, 2016). 

These findings further buttress the importance of systems thinking and its suitability for 

adoption by this study. 

 

Before developing a framework for this study, it is essential to review some of the key 

systems theories that underpin systems thinking applications.  

3.6 Systems theories 

Systems theory incorporates the views that organisations as social systems interact with 

their environment to survive. It encompasses the key concepts and ideas drawn from 

general systems theory, cybernetics, chaos theory, and complexity theory, which are 

essential for management and organisation studies (Schmitz, 2012; and Montuori, 

2011).  
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3.6.1 General Systems Theory (GST) 
 

GST originated in the 1940s with the works of the biologist Ludwig von Bertalanffy, 

who sought a new approach to the study of living things. Bertalanffy (1948/1968) 

envisioned GST as a way to address the increasing complexity of the world’s problems. 

According to Montuori (2011), GST later emerged as an alternative to the then 

dominant form of reductionist enquiry, by rejecting its inability to address wholes, 

interdependence, and complexity. GST argued that by studying parts of a larger system 

in isolation, reductionism is unable to account for the emergent property of systems, 

which is a consequence of the ability of its parts to produce a much greater function 

working together rather than working separately. Walonick (1993), writing on general 

systems theory, asserts that systems can be controlled (cybernetic) or uncontrolled. GST 

further introduced the concept of closed and open systems, recognising the role and 

importance of context and environment for systems (Montuori, 2011). This is because 

systems comprise a complex set of interacting elements that are open to and interact 

with their environment (Bertalanffy, 1968). As such, an open system may possess the 

capability of taking an input from the external environment and produce an output, 

while a closed system may not possess any of such capabilities as illustrated in Figure 

20.  

 

 

 

 

 

 

 

 

 

 

 

Amagoh (2008) and Jaafari (2003) also suggest that open systems possess intelligence 

and can therefore respond to change, whereas closed systems do not.  

 

As will be shown later in Section 3.8, the Nigerian refining sector (as constituting the 

4 refineries) is an open system in theory that interacts with its environment.  

 

Figure 20: Open versus Closed Systems 
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3.6.2 Cybernetics 
 

DeYoung and Krueger (2018) opine that cybernetics or control theory is a trans-

disciplinary approach to the study of principles for exploring regulatory and purposive 

systems, including their structures, constraints, and possibilities. Cybernetics mainly 

involves communication and control with a focus on how information flows through a 

system, including how the system uses that information for self-regulation (Ashby, 

1961). In other words, the information that an organisation receives can influence the 

way it responds to its environment. 

 

Using the concept of circular causality or feedback loops, cybernetics traces outcomes 

of actions of a system back as input for further actions. Deriving its origins from the 

fields of control systems, electrical network theory, anthropology, and psychology in 

the 1940s, cybernetics has evolved, broadening in scope to include works in 

management and organisation studies (Scholte, 2020).  Beer (1985) applied the seminal 

principles of cybernetics to management and operations research. He argued that the 

principles of cybernetics would help all kinds of organisations understand the nature of 

internal interactions within the organisations and thereby lead to increased operational 

efficiency. As such, it can be argued that the flow of relevant information within an 

organisation is as crucial as the ability of the organisation to correctly utilise that 

information for their own benefit. To this end, NNPC refineries can learn from the 

information resulting from other refineries with similar technologies with better 

operating efficiency and use same for their own benefit. 

3.6.3 Chaos Theory 

 

Emerging from a branch of mathematics, chaos theory has become an interdisciplinary 

theory that suggests the presence of interconnected underlying patterns residing within 

random and chaotic complex systems. These underlying patterns may embody feedback 

loops which may be repetitive, producing self-similarity, fractals, and self-organisation 

(Thietart, 1995 and Williams, 1997). Chaotic theory takes root from the concept of 

Sensitive Dependence on Initial Conditions (SDIC) propounded by Maxwell (1876), 

which he described as physical axioms that violate flow-like consequences.  The 

principle is related to the butterfly effect in which small changes in a deterministic 

nonlinear system may produce large changes in a later state (Figure 21). 

Metaphorically, it implies that a butterfly flapping its wing in Scotland might produce 
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a hurricane in Nepal two weeks later. That is, small errors or disturbances within a 

system might result to an explosive growth within the system’s physical behaviour. 

Maxwell (1876) argued that such phenomena was typically present in systems with 

sufficiently large number of variables, and which possesses high levels of complexity. 

However, Poincare (1913) later observed that such behaviour could be recognized in 

systems with small number of variables possessing very complicated behaviour.  

 

 

 

 

 

 

 

 

 

. 

 

Source: SCM Globe (2021). 

 

Chaotic behaviour is prevalent in natural systems, especially in fluid flows, weather & 

climate, stock market, population biology, economics, social psychology, and road 

traffic congestions (Bishop, 2017 and Adewumi et al., 2016). 

 

In addition to exhibiting sensitive dependence, Smith (2007) opined that chaotic 

systems possess two other important properties: deterministic and nonlinear properties. 

Deterministic properties are not related to predictability and refer to systems exhibiting 

chaotic behaviour while experiencing unique evolution, whereas nonlinearity accounts 

for any disproportionality in response to small changes in a system’s variable.   

 

Considering NNPC refineries as a social system, chaotic behaviour may be observed 

by the repercussions which wrong decision-making, such as a delay in maintenance 

operation, might set off on the entire plant.   

 

Figure 21: The butterfly effect with sensitive dependence on initial conditions 
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3.6.4 Complexity theory 

 

Complexity theory is widely applied in the field of strategic management and 

organisational studies (Houchin and MaClean, 2005; Lewin, 1999; and Anderson, 

1999). It examines complexity and non-linearity and emphasizes interactions and their 

associated feedback loops that constantly change systems (Grobman, 2005). 

Complexity is characterised by a system with multiple parts interacting in multiple 

ways, producing a higher order of emergence greater than the sum of its parts. It is 

important to note that the definition of complexity can be nuanced, in that, what one 

organisation may consider as complex, another may see as simple.  

 

Weaver (1948/1991) posited the existence of two forms of complexity: organised 

complexity and disorganised complexity. Organised complexity is embodied by the 

non-random or correlated interactions between parts, which create differentiated 

structures that can interact with other systems. This coordinated system’s linkages 

create properties not carried by the individual system parts – emergence. A system with 

organised complexity can be understood by modelling and simulations. An example of 

organised complexity is a city neighbourhood with its people as the system parts, a 

university system with its students and faculty members, and an organisation such as 

NNPC refineries. Disorganised complexity, on the other hand, is manifested by the 

random interaction of a system with large number of parts. The properties of a 

disorganised complex system can be understood by probability or statistical methods. 

A typical disorganised complex system is a gas stored in a container with the molecules 

as its parts.  

 

Complexity theory in general tends to explore how organisations adapt to their 

environment and cope with uncertainties. The multiple interactions within the Nigerian 

refining sector, which produces an undesirable sub-optimal performance may possibly 

be understood by viewing it from the lens of a complex system. Table 15 summarises 

how the various systems theories can be related to the NNPC refineries.  
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Table 15: Relationship of system theories to the Nigerian refineries. 

Systems Theory Adaptation to the NNPC Refineries 

General Systems Theory 

(GST) 

GST helps explain how the Nigerian refining sector as 

an open system interacts with its environment to 

function in the society.  

Cybernetics The principles of cybernetics enhance the 

understanding in this study that NNPC refineries can 

learn from the internal interactions and feedbacks of the 

factors that inform their sub-optimal performance. As 

such, this provides opportunities for observing 

potential leverage points through these 

interdependencies to address their operational 

inefficiencies.   

Chaos Theory Considering NNPC refineries as a social system, 

chaotic behaviour may be observed by the 

repercussions which wrong decision-making such as a 

delay in maintenance operation, might set off on the 

entire refinery plant. 

Complexity Theory Complexity theory can be beneficial for explaining the 

interrelationships amongst the variables that lead to 

inefficiency across the NNPC refineries. As the 

refineries can be classed as a social system with 

organised complexity, modelling and simulations can 

be applied to understudy the relationships of the 

elements operating within the system. 

 

Table 15 shows that the NNPC refineries as a social system can benefit from the four 

system theories to understand their operational relationships with their internal and 

external factors. In addition, the influences that have shaped contemporary systems 

theories, approaches, and the linkages from which they have emerged is as shown in 

Fig 22. 
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Source|: Adapted from the Open University, 2017 

3.7 Justification for systems thinking applications for the Nigerian refining 

sector. 

 

Systems thinking has been successfully applied to multiple problem-solving areas 

ranging from local to global levels. Ulrich (1988), Forrester (1994), Meadows et al. 

(1972), including the OECD in Ramos and Hynes (2019) have all applied the concept 

of systems thinking for policy analysis, both at national and international levels. Paul 

and Stroh (1999) applied it to life management and parenting issues. Cole (2019) also 

applied systems thinking to project management to improve project success. Systems 

thinking has been equally applied across diverse areas to help conceptualise and analyse 

issues regarding global warming (Ballew et al., 2019), food security (Roggio, 2019), 

violence and terrorism (Monat and Gannon, 2015b), and public health (Leischow et al., 

2008). Similarly, Ackoff (2008), Senge (1990), Boardman & Sauser (2008), and 

Figure 22: Contemporary systems theories and approaches 
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Sherwood (2011) have used it to analyse strategic organizational management issues. 

There is, therefore, a preponderance of evidence that systems thinking can be 

successfully applied to analyse strategic management issues across Nigeria’s NNPC to 

evaluate the performance challenges across its refining sector.  

 

The relationships that drive systems-thinking transcend traditional linear thinking and 

requires application of a non-linear holistic approach that enhances deeper 

understanding of any patterns contributing to the problem under study. Given that the 

issue of Nigeria’s refining sector has lingered for more than two decades, evading all 

implementation measures as a solution, a holistic approach to understanding all the 

possible interconnections in the problem is only reasonable. According to Goodman 

(1997), a problem requires a systems-thinking approach when the issue is important, 

chronic (not a one-time event), has a known history, and has evaded previous attempts 

for a solution. Clearly a study on the performance improvement of the Nigerian 

refineries is a perfect match for this description. 

3.8 The Nigerian refining sector as a system 

 

Ackoff (1994) initially proposed three kinds of systems, namely: mechanical, 

organismic, and social systems. However, in Ackoff (2003), this was updated to four 

kinds of systems: a mechanistic system e.g., machines; an animate system e.g., humans; 

a social system e.g., corporations; and an ecological system e.g., nature. These systems 

are claimed to have hierarchies and possess the capacity to incorporate one another 

according to their levels. They also may or may not have their own purposes. When 

broken down further, the levels of hierarchy in Ackoff’s systems can be related to the 

Nigerian refining sector as explained below. 

 

Mechanistic Systems: These have no purposes of their own but their parts work together 

in a systemic manner to produce a functioning of the whole. Examples are clocks, 

machines, or a refinery plant, in this case. On the other hand, Animate Systems can be 

conceived as purposeful systems. Although the parts have no purpose of their own, the 

whole has one essential purpose – survival. Animate systems are living systems that are 

necessarily open, in the sense that they must interact with and respond to their 

environment to survive. Examples include the human body, plants, and animals or in 

this case, people who work in the refinery plant.  
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On the other hand, according to Merriam-Webster dictionary, Social Systems can be 

defined as patterns/networks of relationships that constitute a coherent whole which 

exist between individuals, groups, and institutions. Ackoff (2003) identified three 

characteristics for social systems as: (1) they have purposes of their own, (2) they 

consist of parts, some of which are animate, hence have purposes of their own too, and 

(3) are usually part of one or more larger containing systems, which may have purposes 

of their own too. Examples of social systems include an organisation e.g., the NNPC 

refineries, an institution, or even a national government. Ecological Systems comprise 

of parts, some of which are purposeful, but the whole is not. For example, the earth is 

an ecological system, which has no purpose of its own but comprises of social and 

animate systems that do, and mechanistic systems that do not. In the context of this 

study, ecological systems can be affected by the activities within their sub-systems. For 

example, the operation of oil refineries can impact on the ecological environment 

through pollution.  Figure 23 shows the map of Nigeria’s refining sector according to 

Ackoff’s System Classes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Adapted from Ackoff, 2003. 

 

Figure 23 implies that the Nigerian refining sector can be considered as a social system 

with sub-systems comprising humans (animate) working towards serving the wider 

Figure 23: Map of Nigeria’s refining sector based on Ackoff’s system classification. 
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economy through the operations of plants and machinery (mechanistic). The entire 

social system is surrounded by a boundary which is open and continuously interacts 

with the larger external environment (ecological). This system can be conceptualised 

through the lens of a framework to help visualise how it interfaces with the challenges 

operating within its macro-environment. 

3.9 Justification for PESTEL framework 

Srdjevic et al. (2012) identified SWOT (Strengths Weaknesses Opportunities and 

Threats) and PESTEL (Political, Economic, Social, Technical, Environmental and 

Legal) as the two most popular frameworks available for strategic planning and analysis 

of an organisation’s business environment, which are also mostly used in management 

studies. Both SWOT and PESTEL take into consideration the external and internal 

factors of an organisation’s business environment.  

 

Introduced in the 1960s by Albert Humphrey, the SWOT model was originally 

proposed to reinforce an organisation’s business strategy by assessing its strengths and 

weaknesses, including its opportunities and threats (Jain, 2015; and Helms & Nixon, 

2010). Presently, the use of the SWOT model has been extended to include the 

identification of strategic options by linking the internal and external factors that 

influence an organisation’s performance within its business environment (Srdjevic et 

al., 2012). However, SWOT has been criticised over its vagueness and over-

simplification of complex business situations, thereby requiring the search for a more 

robust and effective alternative model such as PESTEL (Teoli et al., 2019 and Helms 

and Nixon, 2010). 

 

The PESTEL framework evolved from PEST (Political, Economic, Social and 

Technical) factors, initially introduced in the 1980s by Fahey and Narayanan (1986) for 

the analysis of an organisation’s business environment from a macroeconomic 

perspective. Over time, the framework has been used in various forms. Richardson 

(2006) used it as STEPE to account for the constraints limiting the development of 

Turkmenistan’s information economy. Boateng et al. (2015) used it as STEEP to 

analyse the construction risks of the Edinburgh Tram project. Pan et al. (2019) used 

PESTEL to examine the constraints within the construction industries of Singapore, 

Hong Kong, and the United Kingdom.   
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PESTEL provides a multi-faceted approach for assessing the entire perspective of 

forces necessary to understand an organisation’s business position (Song et al., 2017). 

According to Yuksel (2012), the environment in which an organisation operates has 

two components – the internal and external environment. While the internal 

environment deals with the resources and capabilities of the organisation, the external 

environment involves factors beyond the organisation’s physical control, which 

nevertheless affects its operations (Fleisher and Bensoussan, 2003). An organisation’s 

external environment comprises the macro environment and sectoral environment. 

Ulgen and Mirze (2007) noted that the sectoral environment comprises where the 

organisation procures its inputs, sells its products, and services, and also competes with 

its rivals. The macro environment, on the other hand, comprises the political, economic, 

social, technical, environmental, and legal (PESTEL) factors that directly or indirectly 

affects the organisation’s operations. It is this attribute that makes PESTEL suitable for 

the analysis of the NNPC refineries to understand the extent of the effect of these factors 

and their sub-factors on the performance of the refineries.   

 

PESTEL is reported to have some limitations to the depth of analysis it can provide an 

organisation. For example, Yuksel (2012) asserts that PESTEL’s qualitative structure 

typically favours the qualitative method over the quantitative. It is important to note 

that even though the structure of PESTEL prescribes a holistic approach, previous 

studies have mostly used it to evaluate each of the factors independently (Katko, 2006; 

Shilei & Yong, 2009).  

 

However, these shortcomings are overcome by PESTEL’s ability to integrate other 

analytical frameworks for investigation. In other words, PESTEL has the flexibility and 

effectiveness to integrate both the quantitative and the qualitative methods for analysis. 

For example, Tsangas et al. (2019) integrated PESTEL-SWOT analyses with the 

Analytical Hierarchy Process (AHP) to assess the hydrocarbon sectors in Cyprus. 

Quiceno et al. (2019) also combined PESTEL and SWOT analyses in a case study of 

the Colombian electricity industry for scenario development and strategic design, while 

Yuksel (2012) combined the PESTEL framework with AHP to develop a multi-criteria 

decision model for a Turkish based organisation.  
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Given the effectiveness of PESTEL for evaluating an organisation’s multifaceted 

problems as evidenced from the foregoing, this study adopted the PESTEL framework 

to evaluate the problems of the NNPC refineries. 

 

Table 16 summarises the key differences between PESTEL and SWOT for the analysis 

of an organisation’s performance factors.   

Table 16: A summarised comparison between SWOT and PESTEL framework 

Technique/

model 

Strengths Weaknesses Reason for 

Adoption/Rejection 

SWOT Favours a quick yes or no decision 

usually within a small group 

(Srdjevic et al., 2012). 

Helps to identify an organisation’s 

strengths, weaknesses as well as 

opportunities and threats. 

Vague and over-simplifies 

complex business situations. 

Not suitable for critical 

reflection by a collective 

group (Teoli et al., 2019). 

Will not offer 

opportunity for 

multiple actors over a 

variety of criteria for 

complex decision-

making processes. 

PESTLE Accounts for all the multi-factors 

affecting the performance of an 

organisation from a macroeconomic 

perspective (Song et al., 2017) 

May require efforts and time 

to identify all the significant 

factors and analyse their 

relative strengths (Yuksel, 

2012). 

Suitable to account 

for all the multiple 

factors identified 

across the refineries. 

 

Table 16 indicates that SWOT is too simplified and lacks the detail required to account 

for all the multiple factors affecting the NNPC refineries. On the other hand, PESTEL 

accounts for all the factors and is sufficiently equipped to handle the analysis of the 

NNPC refineries. 

A richer context of the conceptual framework for visualising the challenges of the 

refineries through the established PESTEL framework may be represented by Figure 

24. 
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Source: Author generated, inspired from Ackoff (2003). 

Figure 24 shows how the Nigerian refineries visualised as a social system can be 

understood through the lens of the PESTEL framework. 

 

 

 

 

 

 

 

Figure 24: A conceptual model of the Nigerian refining sector based on Ackoff (2003) 



95 
 

3.10 Chapter Conclusion 

This chapter presented the theoretical and conceptual framework of this study based on 

systems thinking. It demonstrated that Nigeria’s refining industry can be likened to a 

social system as described by Ackoff’s (2003) four classes of systems. As such, it 

argued that, as a social system, a continuous interaction of the NNPC organisation with 

its internal and external environment is essential for its continuous operations. To this 

end, it proposed the suitability of systems thinking tools such as causal loop diagrams 

(CLDs) as capable of building predictive models to understand and address the issues 

of the system. 

 

In addition, a justification for the adoption of a PESTEL framework to the analysis of 

the refinery challenges, was shown to derive from the effectiveness of PESTEL for 

dealing with the complexities of the identified issues as opposed to SWOT’s high level 

and unsuitable technique for the problems. Therefore, the challenging factors presented 

within their PESTEL categories will suitably provide a focused context beneficial for 

policymaking towards resolving the issues. 

 

The next chapter will present the methodology adopted by this study to link these 

concepts through data collection and subsequent analysis. 
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CHAPTER FOUR: RESEARCH METHODOLOGY 
 

4.0 Introduction  

Having established the conceptual and theoretical framework for this study (Chapter 

Three), this chapter focused on the research methodology adopted with respect to its 

philosophical views, approaches, and strategies. An evaluation of different research 

methods regarding appropriate techniques for data collection and analysis for the study 

was also presented.  

4.1 Research methodology 

A research methodology provides the underpinning justification for the choice of 

philosophies, strategies, and approaches for a research study (Bryman, 2012; Goddard 

and Melville, 2004). Essentially, the methodology of a research comprises the 

procedures and techniques employed by the researcher to identify, select, and analyse 

their research data to achieve the aims and objectives of their study (Leavy, 2017, and 

Creswell and Creswell, 2017). 

 

Walliman (2015) and Wilkinson & Birmingham (2003) note that there are various 

research methods available to fulfil different research objectives. While there are 

multiple research methods, there is hardly any method par excellence (Ormston et al. 

2014; Schultze and Miller, 2004). On the contrary, some methods are more appropriate 

for specific cases than others. According to Conway & Lance (2010) and Descombe 

(2003), it is important for a research method to be reasonable, explicit, and appropriate 

for lack of such attributes can lead to doubts and criticisms.  

 

To maintain some structure for this Chapter, the key steps adopted for this research 

design may be represented as shown in Figure 25. The grid as shown in Figure 25 was 

made by author from the various steps for research design as outlined by Saunders et 

al. 2019. 
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Figure 25: Steps for research design 

Philosophy Positivism 
Critical 
Realism 

Interpretivism 
 

Post-
modernism 

Pragmatism 

Approach to 
theory 
development 

Deduction Abduction Induction 

Methodological 
Choice 

Qualitative Quantitative Mixed methods 

Strategies Experimental Case study Action research 

Data collection 
and analysis 

Semi-structured 
Interviews 

 
Online self-completed questionnaires 

Author generated from Saunders et al. 2019  

4.2 Research Philosophy 

According to Saunders et al. (2016) a research philosophy refers to a system of beliefs 

and assumptions regarding the development of knowledge. Johnson and Clark (2006) 

also note that researchers must not only possess the ability to carry out their study within 

their philosophical preference but must also be able to justify the choice of their 

philosophies amidst other alternatives.  Although philosophical ideas may remain 

largely hidden in research works, they still influence research practice and need to be 

clearly identified (Creswell, 2003). As such, research projects are usually guided by 

basic philosophical worldviews or paradigms (Lincoln, Lynham, & Guba, 2011). 

According to Saunders et al., (2019), the main philosophical paradigms commonly 

adopted in management studies include positivism, critical realism, interpretivism, 

post-modernism and pragmatism as described in Table 17.  

 

Positivism imitates the natural sciences and ultimately relies on meanings derived by 

sensory experiences and interpreted by reason as authentic knowledge (Bryman, 2012; 

and Crotty, 1998). As such, it does not accommodate imperfections arising from the 

complexities inherent in the study of social phenomena within organisations. Critical 

realism, on the other hand, considers reality as independent and external to the 

researcher and cannot be accessed by observation and knowledge (Saunders et al. 
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2016/2019 and Sayer, 2004). As such, critical realism tends to undermine the 

researcher’s knowledge and abilities to interpret the social realities regarding their 

study. Interpretivism recognises the differences in social realities and acknowledges 

that humans are capable of creating meanings from social phenomena (Saunders et al. 

2019). Unfortunately, interpretivists overly rely on interpretations of social realities 

with little or no recognition for the value of objective measurements as true knowledge 

(Lincoln et al. 2011; Guba and Lincoln, 1994). Post-modernism focuses on language to 

recognise limitations and bias inherent in social order (Chia, 2003). Post-modernists’ 

lack of belief in any right or wrong way to describe the world makes it opaque and 

inherently flawed to offer any philosophical viewpoint (Willower, 1998). 

 

Table 17: Various research philosophies. 

Philosophies Definitions and characteristics 

Positivism Positivism embraces the view that genuine knowledge can be 

exclusively derived by imitating the natural sciences, whereby 

only the meanings derived from sensory experiences and 

interpreted by reason and logic may be regarded as authentic 

knowledge (Bryman, 2012 and Crotty, 1998) 

Critical realism Critical realism, on the other hand, holds the view that reality is 

independent and external, but not directly accessible through 

observation and knowledge (Saunders et al., 2016/2019; and 

Bhaskar, 1989). In other words, critical realists believe that as 

social phenomena are produced by mechanisms that are real, they 

cannot be accessed by direct observation but can only be 

discerned through their effects (Wynn and Williams, 2012). 

Interpretivism Interpretivism recognises differences in social realities and 

emphasizes that humans are different from physical phenomena 

as they create meanings (Saunders et al., 2016). Interpretivists are 

critical of the positivists’ attempt to make definitive universal 

law-like generalisations and rather argues that a richer and 

contextual understanding of the social world can be drawn from 

the interpretations of different meanings of different people 

(Guba and Lincoln, 1994). 
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Post-modernism Post-modernism focuses on the role of language and power 

relations and seeks to challenge conventional ways of thinking. 

Post-modernists recognise the inadequacy and bias of language to 

account for social order (Chia, 2003). In other words, post-

modernism believes that as there is no order in the social world 

beyond that ascribed to it by language, there is then no absolute 

way of determining the right or wrong way to describe the world 

(Saunders et al., 2016). 

pragmatism In contrast, pragmatism strives to reconcile facts and values with 

accurate and rigorous knowledge using different contextualised 

experiences (Saunders et al., 2016; and Creswell, 2003).  

Creswell (2003) and Bryman (2012) also note that pragmatists are 

rather more concerned with what works and aims to provide 

practical solutions to research problems. Consequently, instead of 

focusing on methods, pragmatic researchers emphasize the 

research problems and use all available approaches to understand 

the problem.   

Source: Author adapted from various literature as indicated in the Table. 

 

On the other hand, pragmatism values the meanings and opinions captured in research 

data as facts that can be accessed through the examination of their practical 

consequences (Kelly and Cordeiro, 2020). Although pragmatism has been criticised 

over its approach of adopting a soft stance for what works for a researcher (Denzin, 

2010 and Heis-Beiber, 2015), the lack of logic to determine who decides what works 

has been questioned (Teddlie and Tashakkori, 2003). In addition, Patton (2005) and 

Kelly & Cordeiro (2020) argue that pragmatism epistemologically steers clear of the 

metaphysical debates of the nature of truth and reality and focuses on the practical 

understanding of concrete real-world issues. Feilzer (2010) and Biesta (2010), also note 

that pragmatism provides the philosophical underpinning for mixed methods in social 

science research and provides informed solutions to guide future practice. For these 

reasons, pragmatism was considered most suitable for this study as it could afford the 

researcher an opportunity to apply the relevant research methods to uncover as much 

detail as necessary from the NNPC refineries. 
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4.2.1 Philosophical Assumptions 

 

The philosophical assumptions of this study were based on the views of Creswell & 

Poth (2018) and Saunders et al. (2019) that researchers consciously or unconsciously 

make three main kinds of assumptions regarding realities while developing knowledge. 

These assumptions include ontological assumptions (the nature of entities/knowledge), 

epistemological assumptions (what counts as knowledge) and axiological assumptions 

(the role of values in research). These assumptions essentially shape a researcher’s 

understanding of their research questions, choice of methods, and interpretation of 

findings. 

4.2.1.1 Ontology 
 

Ontology deals with the classification and explanation of entities (Bryman, 2012). A 

researcher’s ontological assumptions shapes the way they see and study their research 

objects (Saunders et al., 2016; and Creswell and Poth, 2018). Such objects may include 

organisations, management, events, and artefacts. In social sciences, ontology considers 

whether social entities can be regarded as objective entities with a reality external to 

social actors (objectivism); or should be regarded as social constructs built from the 

perceptions of social actors (constructionism) (Bahari, 2010). 

 

In a social context, the ontological emphasis on the interactive nature of an organisation 

becomes more significant when viewed through the lens of systems thinking. This is 

because humans can be regarded as active agents within an organisation with 

behaviours conditioned by ongoing processes of perceptions, interpretations, and 

creation of meanings (Hammond, 2005). This paradigm appears to support the 

interpretivist theory, which can be helpful for drawing out meanings while interpreting 

the relationships amongst the causal factors affecting the performance of Nigeria’s 

refining industry. This is because interpretivist researchers believe that access to reality 

can be gained through social constructions such as language, instruments, 

consciousness, and shared meanings (Myers, 2008). As such, it is important for a 

researcher to appreciate the differences between people and their perspectives 

(Saunders et al., 2016). 

4.2.1.2 Epistemology 

Epistemology is concerned with the assumptions about knowledge and what constitutes 

acceptable and valid knowledge, including how knowledge can be communicated to 
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others (Burrell & Morgan, 1979; and Saunders et al., 2016). The multi-disciplinary 

nature of some backgrounds, especially management studies, makes different kinds of 

knowledge e.g., numerical data, textual data, audio-visual data, narratives, stories, facts, 

and their interpretations acceptably legitimate (Saunders et al., 2016). By implication, 

different epistemological assumptions can provide a researcher with different choice of 

methods requiring different forms of data collection. This is because, while the 

positivist assumption may prefer objective facts as the best form of evidence and 

thereby favour the quantitative method, the interpretivist view may argue that a richer 

and more complex view of organisational realities can be accounted for through the 

qualitative method.  

 

Under a systems viewpoint, epistemological consideration of knowledge highlights the 

dynamic and dialectical nature of knowledge, which emerges out of the complex web 

of relationships linking the researcher and their object of study (Eilam and Reisfeld, 

2017 and Verhoeff et al., 2018). Hammond (2005) argues that the nature of systems is 

a continuing perception and deception, requiring continuous review of the world and 

whole systems and their components. As such, systemic knowledge encourages 

effective communication, the asking of meaningful questions and the discovery of 

alternative points of view, which promotes participatory decision-making. The 

knowledge derived from this approach, which supports the qualitative method, will 

arguably lead to a more effective management for the refineries. The asking of 

meaningful questions and the discovery of alternative points of view, can be drawn from 

interviews. The information obtained through interviews can also be useful for 

validating facts uncovered through literature reviews and quantitative surveys (Naes, 

2018 and Pehrson et al., 2017).  

4.2.1.3 Axiology 

Axiology considers the role of a researcher’s personal values and ethics, including those 

of the research subjects in the research process (Saunders et al., 2016). Hebron (1996) 

opines that a researcher’s axiological skills must enable them to articulate their values 

as a basis for making judgments regarding their research methods. In other words, a 

researcher’s axiology influences their choice of philosophy and data collection 

techniques. Table 18 synthesized the various methodological assumptions relevant to 

this study alongside different paradigms.



102 
 

Table 18 A synthesis of the five main Philosophies in Management 
Ontology  

(The nature of reality) 

Epistemology  

(What constitutes acceptable knowledge) 

Axiology  

(Role of values) 

Typical Methods  Weaknesses and reason(s) for 

acceptance/rejection in the study 

Positivism 

Real, external, and 

independent of the researcher. 

Granular and ordered 

Based on the scientific method using 

observable and measurable facts to 

produce law-like generalisations. Uses 

causal explanations to make predictions 

as contributions. 

Researcher is 

detached maintaining 

a neutral and 

independent mindset 

from what is 

researched. 

Mainly deductive and 

highly structured. 

Employing measurements 

in typically quantitative 

methods of analysis, 

although can incorporate a 

range of data. 

 

Inflexible and disregards human 

behaviour which may appeal to a 

researcher’s emotion influencing their 

objective judgement (Carr, 1994). For this 

reason, this philosophy is not considered 

suitable as it would not allow for a 

comprehensive validation of data through 

the qualitative method. 

Critical Realism 

Stratified and layered across 

the empirical, the actual and 

the real ontological 

frameworks. External and 

independent. Makes use of 

objective structures and 

observes causal mechanisms.  

Adopts relativism in its epistemological 

stance. Knowledge is historically situated 

and transient.  

Research is value 

laden. Bias is 

acknowledged by 

researcher by world 

views, cultural 

experience, and 

upbringing. 

Researcher, however, 

tries to minimise bias 

Research is retroductive 

and in-depth making use of 

historically situated 

analysis of pre-existing 

structures and emerging 

agency. It also employs a 

range of methods and data 

types to fit the subject 

matter. 

Although this philosophy can be quite 

useful for a systems-thinking approach for 

the Nigerian refining industry given its 

recognition of the fact that the problems 

surrounding the sector is historical and 

relies mainly on pre-existing systemic 

structures. However, because it 

encourages bias in a researcher and due to 

the fact, that the researcher has a common 
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Ontology  

(The nature of reality) 

Epistemology  

(What constitutes acceptable knowledge) 

Axiology  

(Role of values) 

Typical Methods  Weaknesses and reason(s) for 

acceptance/rejection in the study 

and remain objective 

as much as possible. 

  

popular knowledge of how things 

“supposedly work” in NNPC Nigeria, it is 

rejected as it would not allow the 

researcher to detach himself from those 

cultural opinions. 

Interpretivism 

Ontologically, this type of 

study is complex, rich, and 

socially constructed through 

culture and language. It can 

involve multiple meanings, 

interpretations, realities, 

experiences, and flux of 

processes. 

Epistemologically, its theories and 

concepts are too simplistic. It focuses 

mainly on narratives, stories and 

perceptions, and interpretations. It brings 

new understandings and world views as 

its contributions. 

This is value-bound 

research in which the 

researcher is part of 

what he is 

researching. Mainly 

subjective. The 

interpretation of the 

researcher is key to 

their contribution. 

 

Typically, inductive. 

Making in-depth 

investigation of small 

samples through 

qualitative method. The 

researcher is reflexive in 

the process. 

Interpretivism has been criticised for its 

susceptibility to interview bias. It is also 

difficult to replicate such studies as the 

effect of time on long term observations 

can be quite significant (Saunders et al., 

2016). For this reason, this philosophy is 

considered unsuitable for this study. 

Pragmatism 
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Ontology  

(The nature of reality) 

Epistemology  

(What constitutes acceptable knowledge) 

Axiology  

(Role of values) 

Typical Methods  Weaknesses and reason(s) for 

acceptance/rejection in the study 

Rich, complex and external in 

its ontological assumption. It 

believes “reality” is the 

practical consequence of 

ideas. It involves flux of 

processes, experiences, and 

practices. 

The practical meaning of knowledge is 

placed in specific contexts. Focuses on 

problems, practices, and relevance; with 

a view that “true” theories are those that 

enable successful actions.  

Its contribution comes from problem 

solving and informed future practice. 

Axiologically, 

research is value-

driven, initiated, and 

sustained by 

researcher’s doubts 

and beliefs. 

Researcher remains 

reflexive during the 

entire process. 

Typically employs a range 

of multiple methods, 

especially mixed methods 

involving quantitative and 

qualitative methods. Many 

a times action research 

with emphasis on practical 

solution and outcomes. 

  

 

 

 

 

 

 

 

 

 

 

 

 

This philosophy, which allows flexibility 

in adopting a range of methods to fit the 

subject matter, has been criticised as a 

possible escape route for a researcher 

from the challenge of understanding the 

other research philosophies (Sanders et al., 

2016; and Bryman, 2012). However, it is 

considered the most suitable for this study 

given that the Nigerian oil and gas 

environment is sometimes difficult to 

access due to unwillingness to share 

information (Badmus et al., 2013). As 

such, a flexible approach that allows the 

validation of data obtained from one 

method of inquiry, especially interviews 

with that from another form, such as 

questionnaires, will prove more reliable. 

In addition, since the development of any 

decision-making model will require the 

validation of industry experts, this 

approach will allow such continuous 
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Ontology  

(The nature of reality) 

Epistemology  

(What constitutes acceptable knowledge) 

Axiology  

(Role of values) 

Typical Methods  Weaknesses and reason(s) for 

acceptance/rejection in the study 

 

 

 

 

 

interactions between researcher and 

industry practitioners, which will help to 

accurately establish relationships across 

all the identified factors. 

Post-modernism 

Research is ontologically 

nominal, rich, complex, and 

socially constructed through 

power relations. It believes 

some meanings, 

interpretations and realities 

are dominated and 

overshadowed by others. It 

involves flux of processes, 

experiences, and practices. 

Epistemologically, it views what counts 

as knowledge is decided by dominant 

ideologies. It focuses on silences and 

repressed ideologies and tends to give 

voice to oppressed meanings. It 

contributes to knowledge by challenging 

dominant views and power relations. 

Research is value-

constituted. The 

researcher and the 

research are 

embedded in power 

relations believing 

that some narratives 

are repressed and 

silenced by others. 

The researcher is 

radically reflexive. 

It is typically 

deconstructive – involving 

reading texts and realities 

against themselves. It 

makes in-depth 

investigation of anomalies, 

realities, and silences. It 

usually employs 

qualitative method of 

analysis using a range of 

data types.  

This philosophy is considered quite 

untypical for a systems thinking study due 

to its unusual challenge of established 

methods of reliable knowledge. This 

philosophy is also prone to a lack of 

coherence and has been criticised for 

obscurantism and resistance to reliable 

knowledge (Callinicos, 1990 and 

McGowan, 1991). 

  

Source: Adapted from Saunders et al., (2016/2019).
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From the critical review of the various philosophical paradigms shown in Table 18, 

pragmatism (highlighted in green borders) emerged as the most suitable paradigm for 

this study. This is because pragmatism allows the researcher to adopt different methods 

of inquiry necessary to answer the research questions posed by the study (see Section 

4.2). Table 18 further indicates that the ontological, epistemological, and axiological 

assumptions of pragmatism allow for the adoption of case studies incorporating both 

quantitative and qualitative approach for investigating the problems of the NNPC 

refineries. As such, both objective and subjective points of view from different data 

collection techniques are valued.  

4.3 Approach to theory development 

Most researchers identify three main approaches to theory development, namely: 

induction, deduction, and abduction (Reichertz, 2004; and Douven, 2021). According 

to Saunders et al. (2019), a deductive approach to theory development involves a 

researcher beginning with a theory arising from a literature search and progressing to 

research design to test the validity of such theories. In contrast, an inductive approach 

involves a researcher commencing with data collection designed to explore a 

phenomenon to generate or build a theory, usually in the form of a conceptual 

framework. Whereas an abductive approach involves a researcher collecting data to 

explore a phenomenon, identify themes and explain patterns such that a new theory can 

be formulated or an existing one modified, which will further be tested and validated 

through additional data collection.   

 

To achieve the research objectives of this study as earlier stated (Chapter One, Section 

1.3), an abductive approach to theory development is adopted. This is because this study 

commenced from a literature review to identify the challenges of the NNPC refineries 

and culminated in the formulation of a theoretical framework based on systems 

thinking. In addition, the research was designed to validate its findings through 

additional data collection through interviews from relevant experts within the industry 

and academia. As such, abduction will be used to prove and validate the theory that 

systems thinking can be used to explain the causal interrelationships that drive sub-

optimal performance across the NNPC refineries. It is important to note that this 

abductive approach has been shown to be consistent with the pragmatic paradigm 
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already established in this study (Behfar and Okhuysen, 2018 and Saunders et al., 

2016). 

4.4 Methodological Choice  

Creswell and Creswell (2017) identified three main choices of research methods for 

management and social sciences, namely: qualitative, quantitative, and mixed methods. 

A qualitative method emphasises words rather than numbers in its data collection and 

analysis techniques. These techniques include interviews, focus groups, and participant 

observation to generate non-numerical data for in-depth insights into a problem (Denzin 

& Lincoln, 2011). It typically leans towards the interpretivist and inductive approach to 

make sense of its data. A quantitative method, on the other hand, focuses on objective 

measurements for its data collection and analysis techniques. It utilises techniques such 

as questionnaires, surveys, polls, and systematic observations to generate numerical 

data for its analysis.  Quantitative methods generally lean towards empiricist and 

positivist views with a deductive approach to test or shape its theories (Proctor and 

Capaldi, 2006). Whereas a mixed methods research integrates both the use of 

quantitative and qualitative data collection and analysis techniques into a single 

research study. This method helps the researcher triangulate or corroborate the findings 

of one research method with another. As indicated earlier in Table 18, a mixed methods 

research is adopted by this study as depicted in Fig 26. 

 

Figure 26: Methodological choice of study 

 

Source: Adapted from Saunders et al. (2016) 

 

According to Creswell &Creswell (2017), and Sanders et al. (2016), while mixed 

methods is not inherently superior to other research methods, in practice, it can be useful 

for complementing the results of one method with another and thereby provide better 
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detail and clarity for answers. Mixed methods can be used in parallel such that both 

quantitative and qualitative data are collected at the same time, or in sequence whereby 

one method precedes the other (Schoonenboom and Johnson, 2017). Although some 

researchers have argued that mixed methods may be more time-consuming and may 

present tremendous challenges to a new researcher, especially when managing both 

approaches simultaneously (Saunders et al, 2019), mixed methods research has been 

found to provide broader opportunities to help answer research questions in more 

elaborate ways than any one method can afford. In that context, a mixed methods 

approach was considered most suitable for answering the research questions proposed 

in Chapter 1 (Section 1.2). This is because as stated earlier in Table 18, more reliable 

information about the NNPC refineries can be uncovered by validating one method of 

enquiry with another.  

 

It is important to note, however, that this is not to undermine the effectiveness of either 

the qualitative or the quantitative methods as a single method, but rather a recognition 

of the fact that NNPC and its subsidiary companies have a known history of 

unwillingness to release vital information (Jesuleye et al., 2007 and Badmus et al., 

2013), and as such would require a flexible approach to access relevant data for this 

study. 

4.5 Research strategy 

Research strategies refer to how a researcher proposes to answer their research 

questions and implement their methodology. In other words, it is a general orientation 

of how to conduct a research (Creswell and Creswell, 2017; and Bryman, 2012). Denzin 

and Lincoln (2011) report that a research strategy serves as a methodological link that 

can ebb and flow between a researcher’s philosophy and their choice of methods for 

data collection and analysis. According to Saunders et al. (2016/2019), some notable 

research strategies in management sciences include experiments, action research, case 

studies, archival research, surveys, ethnography, and grounded theory.  

 

The following section briefly examines these strategies with a view of selecting the 

most suitable research strategy for this study. It should be noted, however, that the 

suitability of any research strategy should be based on its effectiveness for answering 

the research questions and achieving the research objectives, including the coherence 

with which it links to the research philosophy and approach (Saunders et al., 2016). 
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4.5.1 Experimental research 

Experimental research strategy takes its root from the natural sciences and is mostly 

carried out in controlled environments such as laboratories and requires a high level of 

precision to determine the effects of a change in one variable against another (Brown, 

1992, and Lipsey, 1990). Although experiments are also conducted in the fields of 

psychology and social sciences, they are more suited for research incorporating 

predictive hypotheses in which a researcher can control the variables involved rather 

than in open research questions, where such control is non-existent (Ross and Morrison, 

2004; Bryman, 2012 and Saunders et al., 2016). As this study did not involve the 

experimental research of its subjects in any predictive hypothesis, experimental design 

was not considered suitable for this study. 

4.5.2 Archival research  

Archival or documentary research strategies involve the use of a range of archival or 

documentary materials accessed via online, journals, books, museums, and other 

sources to carry out their investigations. Such materials are usually one of their kind 

and may be in the form of audio, visual, and textual formats which provide reliable 

sources of information (Lee, 2012). Archival research typically presents some problems 

with data reliability and validity as well as inconsistencies and missing gaps, especially 

considering their rarity. As such, this kind of research is often combined with other 

forms of inquiry to complement their findings (Schmidt, 2010). In this study, part of 

the information used to develop the historical background of some of the refineries were 

gleaned from NNPC diaries, which are forms of archives.  

4.5.3 Action research 

Action research can take a variety of forms and usually involves the researcher 

collaborating with members of a social setting to diagnose a problem and develop a 

solution (Clark et al., 2020). By implication, action research requires the participation 

of the researcher within an organisational setting in an iterative manner of enquiry to 

diagnose issues with a view of proffering solutions to organisational problems 

(Greenwood and Levin, 2007). Action research is similar to ethnographic research in 

the sense that both involve participatory activities to understand the phenomena of their 

investigation. However, Passos et al. (2012) opine that action research differs from 

ethnography as it focuses more on process and practices that will improve future 

practice or the creation of new knowledge in organisations. Whereas ethnography 
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focuses more on culture and values and leads to an in-depth understanding of a group’s 

way of life. 

 

Action research strategy could have been ideal for understanding the detailed causal 

interrelationships between the identified challenging factors for the NNPC refineries. 

However, as action research requires a high level of cooperation and collaboration 

between members of the organisation and the researcher, it was difficult to adopt this 

strategy given distance, time, resource, and access constraints.  

4.5.4 Surveys  

Surveys are popular in business and management research and are suitable for 

answering research questions involving “what”, “where”, “who”, “how much” and 

“how many” questions (Saunders et al., 2019). Survey research strategies usually use 

questionnaires to collect standardised data from a large sample of respondents, thereby 

allowing statistical inferences to be made from the analyses of such results (Fowler, 

2013). Additionally, structured observations and structured interviews are other forms 

of data collection techniques employed by survey research (Schatz, 2012). It is 

important to note that surveys are often incorporated in other forms of research such as 

case studies (Gable, 1994; and Saunders et al., 2019). In this respect, questionnaire 

surveys were considered useful for this study. This is because Buckingham and 

Saunders (2004) note that questionnaire surveys provide effective techniques for 

gathering statistical information regarding the attributes, attitudes, and actions of 

research populations. To this end, the opinions of the NNPC workers can be reliably 

captured through the use of survey questionnaires.  

4.5.5 Case studies 

According to Yin (2009), a case study research is an in-depth investigation into a 

phenomenon or topic of interest (which may be a person, a community, or an 

organisation) within its real-life setting. Bryman (2012) further notes that the goal of 

case studies is to basically understand how something works. This understanding can 

be achieved by examining the interactions between a phenomenon and its context 

(Dubois and Gadde, 2002). Case studies have been criticised by some researchers over 

their potential inability to produce generalisable and reliable contribution to knowledge 

(Flyvberg, 2011). Other studies have countered these claims affirming case studies as 

robust research strategies capable of drawing from both quantitative and qualitative data 
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from a range of sources to fully understand the dynamics of the case (Buchanan and 

Bryman, 2012; and Saunders, et al., 2016). It is therefore logical to argue that the 

dynamic interactions between the PESTEL factors within the NNPC refineries (PHRC, 

KRPC and WRPC) will be well understood through a case study strategy. As such, case 

study research strategy will form part of this study. 

 

To define a case for a case study strategy, Yazan (2015) recommends that researchers 

should view their case as “a bounded system” and inquire into it “as an object rather 

than a process”. Stake (1995) also opines that some of the attributes of a case study 

involve conceptualisations in which a case is “a specific, complex, functioning thing,” 

or more specifically “an integrated system” which “has a boundary and working parts” 

and is purposive. In this context, the Nigerian refineries can be treated as multiple cases 

(one per refinery) under a social system.   

4.5.6 Types of Case Studies 

Yin (2018) uses two discrete dimensions to distinguish four kinds of case studies. 

• Holistic versus embedded case studies, and 

• Single case versus multiple case studies 

 

A holistic case study deals mainly with the unit of analysis where the researcher may 

focus wholly on an organisation, while an embedded case study may involve multiple 

units of analysis within the same organisation investigating different departments or 

phenomena.  

 

On the other hand, a single case study refers to the representation of a critical or unique 

case usually selected purposively to typify the case or phenomena under investigation, 

whereas a multiple case study incorporates more than one case with the rationale for 

potential replicability across the cases. Saunders et al. (2019) note that adopting a 

multiple case study approach is not simply related to producing more evidence than in 

single case studies. In other words, using a multiple case study approach does not 

necessarily result in more volumes of data or information to justify the case. As a 

multiple case study approach is usually chosen to allow for replication, it was 

considered suitable for the research questions posed in this study, which sought to 

investigate the significant factors affecting the efficiency of all the NNPC refineries 

(PHRC, KRPC, and WRPC).  
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To use Case studies, Yin (2003/2009) identified three criteria that should be considered. 

1. The type of research questions posed by the researcher. 

2. The researcher’s extent of control over behavioural events, and 

3. The degree of focus on contemporary issues 

 

According to Yin (2009) the typical research questions suitable for the use of case 

studies are the “what”, “how” and “why” questions. From Section 1.2, the research 

questions posed in this study were clearly preceded with these words. As for the second 

condition regarding the degree of control, Rashid et al. (2019) opines that case studies 

are more suitable for conditions where the researcher has no control over behavioural 

events under investigation. In this study, the researcher did not have any control over 

behavioural events affecting the performance of NNPC refineries. The researcher 

merely surveyed the opinions of the experts and was clearly outside the case without 

any abilities to manipulate the behaviour of events therein. Thirdly, the issues being 

investigated were quite contemporary and concerns determining the effects of PESTEL 

factors on the performance of the refineries.  

 

In summary, the rationale for adopting a case study in this research was based on the 

following: 

1. Case studies enable a researcher to make an in-depth analysis of one or more 

units of the selected cases in study (Bryman, 2012). A study on performance 

challenges across Nigeria’s state-owned refineries can be investigated by 

examining the refineries on how the PESTEL factors impact on their 

performance. This approach will help provide sufficient detail to identify any 

policies that may be useful for managing the refineries. 

2. Case studies are concerned with the complexity and particular nature of the case 

in question (Stake, 1995). This study was designed to examine the complexity 

of the nature of the three cases across the refineries to see if there is a common 

pattern that can uncover leverage points that will inform good decision-making 

by government policy makers. 

3. According to Yin (2009), Case studies are suitable for answering “What”, 

“How” and “Why” research questions like the ones in this study (see Section 

1.2). 
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4.5.7 Multiple Case Study design 

 

A multiple case study design allows a researcher to explore the phenomenon under 

investigation by replication strategy. Replication is carried out by selecting cases to 

explore and confirm or disprove identified patterns observed in the initial case (Zach, 

2006). Eisenhardt (1991) and Zach (2006) suggest that if this model produces a situation 

where all or most of the cases are of similar results, then this could lead to the 

development of a preliminary theory to describe the phenomenon. Alternatively, a 

multiple case study may commence with a theory and proceed to case selections 

accompanied by data collection protocol (Yin, 2009).  

 

This may then be followed by conducting the individual case studies and writing their 

case reports, which leads to cross-case conclusions and theory modifications. This 

procedure is as shown in Figure 27.   
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Source: Adapted from Zach (2006) and Yin (2013). 
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Figure 27: Multiple Case study procedure. 
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This study adopted a multiple case study under its qualitative approach to investigate 

the causal interrelationships amongst the PESTEL factors affecting the performance of 

NNPC refineries. This is done with a view of confirming or disproving the findings of 

the questionnaire regarding the performance challenges of the refineries.  

4.6 Ethical Considerations 

In conducting this study, some important ethical considerations were made as required 

by a research process. Smith and Quelch (1992) note that ethical standards are designed 

to ensure that abuse of information and conflict of interest are avoided by a researcher 

through compliance to certain principles and obligations. As such, all research students 

at Robert Gordon University are obliged to observe the highest standards of 

professional conduct in this regard. Prior to the commencement of this study, the 

researcher sought and obtained permission from Robert Gordon Research Ethics 

Committee to proceed on this study.  

 

Subsequently, the researcher took steps through a series of measures to ensure 

compliance to all ethical guidelines. Firstly, the researcher ensured confidentiality and 

anonymity of the research subjects by ensuring that the participants are not exposed to 

harm through exposure of their personal information, or any information obtained in 

the research process. Secondly, the researcher ensured voluntary participation was 

complied with as research subjects were made aware of their freedom to withdraw or 

refuse to answer any questions that they may not feel comfortable answering. Thirdly, 

the researcher adopted a free mindset, maintaining an open mind throughout the 

research process to mitigate personal biases. In addition, the researcher ensured that the 

privacy of respondents is respected by asking only professional and logical questions 

devoid of personal probing. Lastly, the researcher ensured that plagiarism was avoided 

throughout the research process by making sure that all materials used in this thesis 

from other works were appropriately cited and referenced (Saunders et al., 2019).  

4.7 Method of Data Collection and Analysis 

As stated earlier, in their performance appraisal on the government-owned refineries, 

Badmus et al. (2013), acknowledged the challenge encountered by Jesuleye et al. (2007) 

in obtaining data from Port Harcourt refinery. Considering the nature of this study, 

which seeks to understand the causal interrelationships that drive sub-optimal 

performance across the NNPC refineries, a mixed methods approach that will allow the 
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flexibility to obtain relevant information for this study was adopted. This was also to 

ensure the quality and reliability of information for this research. Bryman (2012), and 

Johnson & Onwuegbuzie (2004) suggest that a mixed methods approach complements 

the strengths of both the qualitative and the quantitative methods of enquiry. As such, 

this study employed the use of questionnaires and interviews (mixed methods) for data 

collection and analysis. 

4.7.1 Questionnaires 

Questionnaires are quantitative research instruments designed to extract measurable 

and often numerical data from research participants (Krosnick, 2017). Within business 

and management studies, questionnaires are commonly used with the survey, 

experimental and case study research strategies (Saunders et al., 2019).  

 

Questionnaires were adopted by this study to obtain the relevant quantitative data from 

the experts who work across the NNPC refineries. According to Gill and Johnson 

(2010), questionnaires are particularly helpful for explanatory and descriptive research 

purposes seeking to identify and describe variability across different phenomena. 

Thompson (2017) also opines that questionnaires are useful for examining and 

explaining the cause-and-effect relationships. More appropriately, Boateng et al (2015) 

and Archaya (2010) demonstrate that questionnaires offer valuable means of 

quantitative analysis to answer, “how much”, “how many” as well as ranking research 

questions, which are useful for determining significance based on the weights of the 

variables under analysis.  This attribute of questionnaires makes them suitable to obtain 

the more significant factors within a category of research variables. As such, in the 

context of this research, questionnaires were deployed and quantitatively analysed with 

proven mathematical techniques to obtain the weightier variables for developing causal 

loop models for this study. It can be recalled from Section 3.3.3.1 that causal loop 

models are best developed using the more significant variables to obtain the most 

relevant interconnections in a system, while keeping the model simple.  

 

The type of questionnaire used in this study was the self-completed, internet-based, 

questionnaire. The choice of this path for quantitative data collection is based on the 

fact that the research subjects are experienced enough to answer the research questions 

for themselves, and as such are not influenced by others in reaching their individual 

assessments. Secondly, the internet path was chosen for ease of access as the researcher 
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could reliably reach as many participants as possible in a cost-effective manner without 

having to travel to participant locations. According to Bryman (2012) and Saunders et 

al. (2016), this approach provides an equally effective means for data collection.  

 

Questionnaires were made accessible to participants via emails and WhatsApp forums 

containing a hyperlink to a web-based survey form designed with an online tool, Google 

forms. The path for this data collection is highlighted by the red circles in Fig 28, 

adapted from Saunders et al. (2016). 

 

  

 

 

 

 

 

 

 

 

Source: Adapted from Saunders et al. (2016). 

 

The contact details of the research participants were obtained by the help of the 

researcher’s contacts working in these organisations, who also formed part of the 

research subjects as they fit into the selection criteria. The reason for administering 

internet-based questionnaires via emails and WhatsApp contacts was to gain a higher 

level of confidence that the responses came from the right persons and that the process 

would have little room for collusion and unnecessary duplication (Saunders et al., 

2016). This approach was also considered useful to respect the privacy and commercial 

sensitivity of any information the researcher might obtain as indicated in the ethical 

considerations for this study (see Section 4.6).  

 

4.7.2 Interviews 

A research interview is a purposeful conversation facilitated by a researcher 

(interviewer) with research participant (interviewee) to extract useful information that 

will help answer the research questions (Gillham, 2000). Interviews are useful for 

capturing the experiences and opinions of research subjects on the phenomena being 

Figure 28: Questionnaire selection path for the study. 
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investigated (Bryman, 2012, Gillham, 2000). Interviews were adopted as the qualitative 

method of enquiry for this study to explore the interdependencies and causalities of the 

variables that affect the performance of NNPC refineries.  

 

There are two main kinds of interviews – standardised (structured) and non-

standardised interview (Saunders et al., 2016/2019). While the standardised (structured) 

interview is more applicable for the quantitative method, the non-standard forms of 

interview are more applicable to the qualitative methods (Bryman, 2012). Since the 

interviews conducted for this study were to validate the findings of the questionnaire 

(quantitative method) in a sequential manner, it was logical to adopt the non-standard 

(semi-structured) route to investigate a selected pool of the questionnaire participants 

with higher authorities in the organisations on a one-to-one basis. The choice of 

participants that fit this criteria was determined by a purposive sampling method which 

targeted respondents with higher years of experience as well as being in some decision-

making authority at the refineries. Essentially, the selection took into consideration 

role-relevance, seniority, authority as well as availability, and willingness to participate 

in the study. Dawson et al. (1993) acknowledged the importance of choosing interview 

participants from relevant groups with the highest chances of obtaining more reliable 

information.  

 

The reason for adopting the semi-structured approach was to allow the researcher some 

flexibility to further understand how the performance factors in the refineries 

operationalise based on individual mental models. In addition, a semi-structured 

interview will enable the researcher to effectively answer some of the research 

questions (Section 1.2), which comprise of “what”, “how” and “why” questions. 

Telephone interviews were chosen over face-to-face interviews due to resource and 

time constraints, as well those imposed by the pandemic. This approach did not affect 

the effectiveness of the interview as telephone interviews have been proven equally 

effective in eliciting research responses from research subjects (Musselwhite et al., 

2007).   

 

As such, the path for the interview adopted for this study is the non-standard, one-to-

one, telephone, semi-structured, in-depth interview as shown in Figure 29. 
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Figure 29: Path of interview adopted. 

 

Source: Adapted from Saunders et al. (2019) 

 

The content of the interviews for this study was recorded with an Olympus audio 

recorder with permission from the respondents. However, some respondents (two 

respondents) who refused to be recorded, rather preferred to have their words 

documented as the interview took place. The quality of information recorded in this 

manner was checked by confirming with the respondents the authenticity of what has 

been written at the end of each interview.  

 

It is worth noting that access for data collection in this regard was officially facilitated 

through a request letter from the researcher, which was signed off by the principal 

supervisor to help gain the cooperation of the refinery authorities (See Appendix 1 and 

2)  

 

The overall research design for this study can be logically summarised by the network 

map as shown in Figure 30. 
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Figure 30: A network map of research design 
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Source: Author generated 
 

Figure 30 indicates that this study utilised pragmatism as the philosophy with an 

abductive approach to its theory development. The Figure further shows that the study 

adopted a mixed methods approach with a case study research strategy that involves 

data collection using a semi structured interview and online self-completed 

questionnaire across the three NNPC refineries. Lor (2011) agrees that a multi-strategy 

research paradigm can be combined through case studies that collect both quantitative 

and qualitative data to address the research problems.  

 

Considering the foregoing, it is important to examine how the chosen research 

methodology for this study connects with the research questions. For example, it can 

be observed that questionnaires and interviews can be useful for finding the answers to 

research question 1 (RQ1) - What are the specific factors that drive the low productivity 

of the NNPC refineries? However, for Research Question 2 (RQ2) – “How can these 

factors be prioritised such that effective decision making can be inferred?”, it is 

essential to discuss important strategic decision-making frameworks used for 

prioritising complex organisational issues. 
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4.8 Strategic Decision-making Frameworks 

Cheng et al. (2010) and Bhushan and Rai (2007) acknowledge the challenges 

confronting today’s business managers and government policymakers amid increasing 

flux of technological advancement and information overload. As decision-making in 

big corporations and government agencies usually involve multiple actors, the stakes 

are often high for errors given the increasing demand for accuracy and reliability. This 

is because wrong decisions in such organisations can concatenate into disasters with 

national or international consequences. A typical example of such is the groupthink 

error that contributed to the United States Space Shuttle Challenger Incident in 1986 

(Hughes and White, 2010). Groupthink is a psychological phenomenon which results 

when the desire for harmony and conformity within a group of decision makers causes 

them to make irrational decisions that produce negative outcomes (O'Connor, 2002). 

 

The avoidance of similar errors, including those with less magnitude, necessitates the 

establishment of vital communication links between members of a decision-making 

group with a view of understanding the syntax and semantics of the underlying issues.  

Abdulrahman (2015) and Bhushan & Rai (2007) suggest that given the complexity of 

decision-making requirements which often involve multiple criteria with variables, 

which may be fuzzy or stochastic, it is essential that organisations adopt comprehensive 

frameworks for effective decision-making.  

 

Presently, there are structured techniques utilising practical and theoretical advances in 

the fields of mathematics, artificial intelligence, cybernetics, and operations research to 

optimise decision-making. Some of these techniques are equipped to deal with 

conflicting multiple criteria which decision makers may use to either maximise or 

minimise their combinations to promote the metric of interest within a set of imposed 

constraints. This is because conflicting criteria are typical for option evaluations. For 

example, portfolio managers may be confronted by the challenge of balancing the need 

to bring in high returns while minimising risks, whereas the stocks with the potential of 

high returns may carry the greatest risks (Andrews et al., 2018 and Sharp, 1991). In the 

context of this study, while increasing capacity utilisation may be important to NNPC 

refinery management, ironically, this would require increased spending as well as 

increased operational downtimes for equipment rehabilitation. It is the need to balance 

such kinds of objectives that multicriteria decision analysis (MCDA) techniques were 
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created by decision scientists seeking to aid complex decision-making across 

organisations and government agencies.  

4.8.1 Multiple Criteria Decision Analysis (MCDA) 

 

Multiple criteria decision analysis (MCDA) is a complex decision-making tool, which 

incorporates both quantitative and qualitative factors (Mardani et al. 2015). Wang et al. 

(2009) opine that MCDA is an operational evaluation and decision support technique 

suitable for addressing complex problems with high uncertainties, conflicting 

objectives with multi-interests and perspectives. MCDA belongs to an interdisciplinary 

field commonly used in the field of operations research, business, and management 

studies for evaluating multiple conflicting criteria in decision-making. MCDA is 

profoundly useful for appraising policy options across government and industry. 

According to Emovon and Oghenenyerovwho (2020), some of the key methods of 

MCDA include Analytical Hierarchy Process (AHP), Analytical Network Process 

(ANP), Technique for the Order of Prioritisation by Similarity to Ideal Solution 

(TOPSIS), Data Envelopment Analysis (DEA), Multi-Attribute Utility Theory 

(MAUT), Multi-Attribute Value Theory (MAVT), Value Analysis (VA), Decision-

Making Trial and Evaluation Laboratory (DEMATEL), Value Engineering (VE), 

Weighted Product Model (WPM), Weighted Sum Model (WSM), Fuzzy logic, 

ELECTRE, and VIKOR.  

 

MCDA methods can be used as a single approach or in hybrid combinations for various 

applications. Stojcic et al. (2019) chronicled the various applications of MCDA 

methods in single and hybrid forms across civil engineering, supply chain, transport & 

logistics, and energy sectors. For example, Rashid et al. (2017) combined AHP and 

TOPSIS to assess the properties of fresh and hardened concrete by varying the amounts 

of ceramic waste incorporated. Ozcan-Deniz and Zhu (2015) applied ANP for selecting 

the most environmentally friendly way for highway construction.  Zhao and Guo (2014) 

combined fuzzy entropy and TOPSIS to select the best green supplier in a thermal 

power project. Klein et al. (2015) employed the WSM technique to compare a wide 

range of conventional and alternative electricity generation technologies across 

multiple criteria.  
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Table 19 Summary of main MCDA techniques commonly applied in management and industrial research 

MCDM 

method 

Principle of decision making Inventor/Year Merits Demerits 

AHP Considers the degree of the relative 

importance of its criteria and alternatives 

in determining the optimum solution. The 

problem is generally structured in 

hierarchical format before a solution is 

sought.  

Thomas Saaty: 1970s It does not require additional 

tool for criteria weight 

determination. 

It is a tested and proven 

technique for ranking, 

prioritisation, and option 

evaluation.  

The technique may become more 

complicated as criteria and alternatives 

increases 

TOPSIS Applies the concept of distances to 

positive and negative solutions to evaluate 

the optimum alternative.  

Hwang and 

Yoon:1981 

The process is quite simple, and 

the solution procedure does not 

change irrespective of number 

of decision criteria and 

alternatives 

The correlation between criteria is not 

considered in the evaluation of 

Euclidean distance. In addition, vector 

normalisation may be required in solving 

problem that are multi-dimensional. 

  
PROMETHEE The tool serves as an outranking 

methodology and solves a decision 

problem on the basis of comparing 

alternatives while considering their 

deviation with reference to a decision 

criteria.  

J. P. Brans and P. 

Vicke: 1982 

The process does not require 

score normalisation 

Criteria weights need to be evaluated 

with different tools. Additionally, 

Preference function need to be defined 

ELECTRE The ELECTRE method develops a 

solution by defining outranking 

relationships between two alternatives at a 

time. Some of the variant of the tool are 

ELECTRE I and II 

Benayoun Roy: 1968 The technique can provide 

solution even when there are 

missing data 

In the absence of software, technique is 

computationally difficult due to complex 

evaluation procedures involved 

VIKOR The VIKTOR technique determines 

optimum solutions by comparing 

alternatives with respect to measure of 

closeness to ideal alternative 

S. Opricovic: 1990 The approach is an updated 

variety of TOPSIS 

In the face of conflicting scenario, the 

technique becomes quite challenging to 

evaluate. 
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MAUA The technique offers an avenue for 

systematic trade-off among decision 

criteria in order for the best option to 

emerge from the various alternatives 

P.C. Fishburn: 1965, 

R.L. Keeney: 1969, 

H.R. Raiffa: 1969 

Preference order for 

alternatives is evaluated 

simultaneously 

Decision attribute outcome is uncertain 

WSM In this approach, the optimal solution is 

the one with the best value of the 

weighted sum. For beneficial criteria, the 

best value is the maximum while for the 

non-beneficial criteria the best value is the 

minimum. 

L. A. Zadeh: 1963 The calculation is easy and can 

be implemented without any 

software 

The technique is normally suitable for 

problems having the same type of 

criteria. It is either all criteria are 

beneficial, or all criteria are non-

beneficial 

WPM The technique is very similar to WSM. 

The only difference is instead of using 

addition operation applied in WSM, a 

multiplication operation is performed in 

WPM 

Bridgeman: 1922 The evaluation process is 

simple and can be implemented 

without software 

The approach is generally applicable to 

decision problems with same type of 

criteria. 

Source: Adapted from Emovon and Oghenenyerovwho (2020)
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Dimic et al. (2016) developed a model for strategic transport management by 

combining DEMATEL, ANP and Fuzzy Delphi.  

 

Table 19 adapted from Emovon and Oghenenyerovwho (2020) shows some of the 

MCDA methods alongside their strengths and weaknesses based on which the 

Analytical Hierarchy Process (AHP) is the most suitable technique for answering 

Research Question 2 (RQ2) given its reliability for ranking and prioritisation.  
 

4.9 The Analytical Hierarchy Process 

 

The Analytical Hierarchy Process (AHP) is a structured mathematical model developed 

by Thomas Saaty in the 1970s in support of decision theory. It is a systematic approach 

developed to aid complex decision-making based on experience, intuition, and 

heuristics (Bhushan and Rai, 2004). The technique is recognised as the most popular 

multi-criteria decision analytical tool for structuring and organising a problem into a 

decomposed set of hierarchies with prioritised alternatives as outcomes (Mardani et al., 

2015). The simple logic employed by AHP, and its ease of use has made it attractive 

and resourceful for aiding complex decision-making across government, industrial and 

commercial sectors. For example, AHP has been applied for resource allocation 

(Ramanathan and Ganesh, 1995; Kwak and Lee, 1998); location allocation (Badri, 

1999); planning and development (Nepal et al., 2010); costing implementation 

(Omotayo et al., 2020); spare parts inventory (Gajpal et al., 1994); and for optimum 

portfolio selection (Marasovic and Babic, 2011; and Badri, 2001). Vaidya and Kumar 

(2006) also report that AHP possesses the flexibility to be integrated with other 

analytical techniques such as Linear Programming, Fuzzy Logic, Quality Function 

Deployment etc. to develop solutions to complex problems. For example, Gonzalez and 

Pradenas, (2019) and Stojcic et al. (2019) summarised several papers which combined 

AHP with other decision support methodologies to solve complex decision-making 

problems. 

 

AHP uses ratio scales to make pairwise comparisons between the factors under 

consideration (Saaty, 1977). It starts with the decision maker laying out the overall 

hierarchy of the decision factors involved. The decision hierarchy includes the 

overarching goal of the decision, the criteria for consideration and the alternatives.  
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In the context of this study, the overall goal for using the AHP is to identify the more 

significant PESTEL factors that affect the performance of the NNPC refineries. The 

AHP will also help determine the order of priorities for these factors based on the 

judgement criteria which have previously been established as capacity utilisation, 

operational cost, and operational downtime (Section 2.9). The alternatives, which 

represent the expected outcomes are the order in which the political, economic, social, 

technical, environmental, and legal (PESTEL) factors would be prioritised. The 

prioritised factors obtained by the AHP would provide the input variables for the causal 

loop model, which will explore the interrelationships amongst these factors based on 

systems thinking (see Section 3.3.3.1).   

 

Following the guide provided by Saaty (2004), the structure of the AHP for this study 

can be represented by Figure 31. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author generated 

 

Figure 31 shows that AHP is structured according to hierarchies with an overarching 

goal at the top followed by the decision criteria (and sometimes sub-criteria) at the 

middle and ending with alternatives at the bottom.  
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Figure 31: The structure of the Analytical Hierarchy Process 
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According to Taherdoost (2017) and Bhushan and Rai (2004), the methodology for 

using AHP is as shown by the following steps: 

1. The problem is decomposed into a hierarchy of goal, criteria, sub-criteria, and 

alternatives (Figure 32). 

2. Data are collected from the experts or decision-makers according to the 

hierarchic structure based on pairwise comparisons. The fundamental ratio scale 

(Table 20) provides a guide for decision makers for the judgement ratings.  

 

Table 20: Fundamental scale of pairwise comparison and judgement 

 Option Numerical Value 

1 Equally preferred 1:1 

2 Equally to moderately preferred 2:1,3:2,4:3,5:4,6:5,7:6,8:7,9:8 

3 Moderately preferred 3:1,4:2,5:3,6:4,7:5,8:6,9:7 

4 Moderately to strongly preferred 4:1,5:2,6:3,7:4,8:5,9:6 

5 Strongly preferred 5:1,6:2,7:3,8:4,9:5 

6 Strongly to very strongly preferred 6:1,7:2,8:3,9:4 

7 Very strongly preferred 7:1,8:2,9:3 

8 Very to extremely preferred 8:1,9:2 

9 Extremely preferred 9:1 

Source: Chen et al., 2011 

 

3. The pairwise comparisons generated in Step 2 are organised into a square matrix 

to aid calculations that will derive the alternative priorities. The diagonal 

elements in the square matrix must be 1 as shown in the pictorial matrix (Figure 

33), in which S1/S1, S2/S2, and S3/S3 would be equal to 1.  

 

 

 

 

 

 

 

 

 

 

Figure 32: Square Matrix of AHP’s Pairwise comparison (Saaty, 2004) 
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To evaluate the matrix for a given element A (i, j), the criterion in the ith row is better 

than the criterion in the jth column if the value of the element (i,j) is more than 1; 

otherwise the criterion in the jth column is better than that in the ith row (Saaty, 

1980/1977; and Bushan & Rai, 2004). This comparison matrix, A, is as shown by 

Equation (1). 

 

   A =               

𝑆1/𝑆1 𝑆1/𝑆2 𝑆1/𝑆3 … … 𝑆1/𝑆𝑛
𝑆2/𝑆1 𝑆2/𝑆2 𝑆2/𝑆3 … … 𝑆2/𝑆𝑛
𝑆3/𝑆1 𝑆3/𝑆2 𝑆3/𝑆3 … … 𝑆3/𝑆𝑛

     …………. (1) 

 

4. The principal eigenvalue and the corresponding normalised right eigenvector of 

the comparison matrix give the relative importance of the criteria being 

compared.  The elements of the normalised eigenvector are the weights with 

respect to the criteria or sub-criteria and ratings with respect to the alternatives.  

 

Using a ratio matrix similar to the one in equation (1), equation 2 is given as follows:  

 

 

 ……… (2) 

 

 

 

To determine the ranking of each element in the ratio matrix, the value of eigenvector,  

λmax is calculated as shown in equation 3. 

 

 

 

 …….. (3) 

 

In solving for the rankings, equation (3) can be reduced to the equation (4) as shown: 

 

AW = 𝜆𝑚𝑎𝑥W …………………  (4) 

 

Where W is the weight of the alternatives in question,  
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5. The consistency of the matrix of order, n, is evaluated according to equation (5) 

as shown: 

CI = ((𝜆𝑚𝑎𝑥  −  𝑛)/ (n -1) ……………………  (5) 

 

Where CI is the Consistency Index,  𝜆𝑚𝑎𝑥 is the maximum eigenvalue of the judgment 

matrix.  

 

CI is usually compared to that of a random index (RI) to derive the Consistency Ratio 

(CR) as shown in equation 6: 

         CR = CI/RI ………………………………... (6) 

 

According to Saaty (1980), CR must be less than 0.1 to satisfy the consistency of the 

judgment evaluations; otherwise, answers may be re-examined. 

 

According to Saaty (1980), the Random Index Table from where RI values 

corresponding to the number of elements in the matrix is as show in Table 21:  

Table 21: Average Random Index Table 

n 1 2 3 4 5 6 7 8 9 

RI 0 0 0.52 0.89 1.11 1.25 1.35 1.4 1.45 

Source: Saaty, 1980 

 

6. The rating of each alternative is multiplied by the weights of the sub-criteria and 

aggregated to obtain local ratings with respect to each criterion. The local 

ratings are then multiplied by the weights of the criteria and aggregated to get 

the global ratings.  

From the foregoing, it is logical to conclude that the AHP technique is valid for 

answering research question 2 (RQ2) in this study (Section 1.2) – “How can these 

factors be prioritised such that effective decision making can be inferred? 

At this point, it will be beneficial to review the various research questions relating to 

this study and how the questionnaire questions will further develop. Table 22 

summarises these developments.  
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Table 22: Summary of research questions and formulation of questionnaire questions 

 

Research Questions 
Issues learned from Literature 

Generalised 

Questionnaire/Interview 

questions 

 

1 

 

What are the specific factors that 

drive the low productivity of the 

NNPC refineries? 

The specific factors cut across 

political, economic, social, 

technical, environmental, and 

legal factors. Their sub-category 

factors are listed in Table 10, 

Section 2.4 

How would you rank the 

impact of the PESTEL factors 

and their sub-category factors 

on the refineries’ 

performance? 

 

2 

 

How can these factors be prioritised 

such that effective decision making 

can be inferred?  

The AHP has been justified as a 

reliable technique for 

prioritisation. Three criteria 

(capacity utilisation, operational 

downtime, and operational cost) 

representing key performance 

indicators of refineries have been 

selected for this analysis 

How does the PESTEL factors 

affect the performance of the 

refineries in terms of the 

selected criteria? 

 

3 

 

How do the factors significantly 

interrelate and how can these be 

modelled?  

Systems thinking provides a 

good framework for modelling 

interrelationships between 

causal variables. 

How does each of these 

PESTEL factors influence one 

another regarding performance 

of the refineries? 

 

4 

 

How can these analyses produce 

outcomes that will guide 

policymakers to inform solutions 

that will improve future practice in 

Nigeria’s refining industry?  

Systems thinking produces 

causal loop models that can 

uncover leverage points for 

policies that can improve 

organisational performance. 

How can policy changes 

regarding PESTEL factors be 

used to guide performance 

improvement? 

 

The questions indicated from Table 22 informed the data collection, the result of 

which is presented and analysed in Chapter 5. 
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4.10 Research reliability and validity  

Ensuring the reliability and validity of a research study is an important part of an 

academic research. Hermon and Swartz (2009) opine that research reliability denotes 

the dependability and consistency of the research data. Reliability also refers to the faith 

that can be obtained from the research instrument and the degree to which it controls 

for random error (Mohajan, 2017).  

To ensure reliability for this study, the researcher adopted the following measures: 

• Carried out an initial pilot-test on the research instrument (questionnaire) with 

25 participants representing about 10% of the target population and used the 

outcome to improve the questionnaire quality before its final deployment across 

the organisation. 

• Carried out a consistency check according to Saaty’s (2004) guidelines 

(Equations 5 and 6) to ensure the responses form the questionnaires were 

acceptable.  

• Carried out a thorough check of the research transcripts during qualitative data 

analysis to ensure that errors were eliminated  

• Carefully coded research themes arising from data collected to match research 

findings without shifting meanings of research participants to suit researcher’s 

beliefs. 

On the other hand, research validity entails the appropriateness of the research design 

and data collection techniques for answering the research questions (Bryman, 2012). 

To ensure the validity of this study, the researcher followed the guidelines 

recommended by Shenton (2004) by adopting the following steps: 

• Employing appropriate and well recognised research methods (credibility) 

• Provision of adequate background to the study to establish context 

(transferability) 

• Employing overlapping methods through triangulation afforded by the 

sequential mixed methods approach incorporated to promote repeatability 

(dependability) 
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• Admission of researcher beliefs and assumptions and triangulation to reduce 

researcher bias (confirmability) 

• Spending sufficient time in data collection to ensure an in-depth understanding 

of the phenomenon under study. 

The overall research framework developed for this study can be represented by Figure 

33 as shown.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author generated  

 

 

Figure 33 shows that the study commenced with a literature review to identify the 

various challenges confronting the NNPC refineries using the PESTEL framework. It 

also established the performance indicators for the refineries, as well as the 

methodology employed (mixed methods). Finally, the framework shows the method for 

model development from initial model through validation to final model. 
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Figure 33: Research framework 
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4.11  Chapter Conclusion 

This chapter articulated the various methodologies employed by this study, including 

the rationale behind their selections. It evaluated the effectiveness of the various 

research strategies and identified a case study research strategy as most suitable for 

investigating the problems of the NNPC refineries. It further argued that a pragmatic 

paradigm incorporating a mixed methods approach to data collection was essential to 

obtain a complete and reliable set of data for the study. This decision was primarily 

based on literature evidence recounting the experience of previous researchers who 

encountered difficult challenges with data collection with one method of enquiry while 

understudying the refineries (Jesuleye, 2007 and Badmus et al., 2013).  

 

Lastly, the chapter justified the adoption of the Analytical Hierarchy Process (AHP) as 

a proven structured mathematical technique for ranking and prioritisation suitable to 

obtain the significant challenging factors affecting the refineries.  

 

The next chapter will discuss the techniques for data collection and analysis based on 

the methodologies selected in this chapter. 
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CHAPTER FIVE: DATA COLLECTION AND ANALYSIS 

5.1 Introduction 

Having established the research methodology for this study in Chapter Four, this 

chapter further validates the details of the data collection and analysis techniques 

employed. As such, it describes the details of the mixed methods approach to data 

collection, which was applied in a sequential manner with the questionnaire survey 

being carried out before progressing to the interviews. In addition, the analyses of data 

from both methods of enquiry involving the AHP for the quantitative and thematic 

analysis for the qualitative were presented accordingly.  

5.2 Pilot Study and Survey Questionnaire Design 

Using the categorised PESTEL factors identified from the literature, a pilot test of 10% 

of the targeted population of the staff of the refineries was carried out. This is because 

the study was focused mainly on the employees of the refineries as the study population. 

The researcher utilised the help of a few of his contacts at the refineries to select willing 

participants amongst this population on a simple random basis. The pilot was done to 

ensure that the questions on the questionnaire were clear and unambiguous to the 

targeted respondents. This practice also afforded the researcher the opportunity to make 

necessary adjustments to the questionnaire where such issues arose (Krosnick, 2018; 

and Brace, 2018).  

 

Following the feedback obtained from the initial responses, the questionnaire was 

slightly modified with some changes on the items on the questionnaire to be more 

concise, direct and to refocus the questions towards the research objectives. These 

amendments helped convey clearer meanings to the study participants. Figure 34 shows 

some of the before and after sections of the questionnaire as a result of the pilot study. 

, 

 

Some of the before questions during the pilot study 

 

 

 

 

 

 

Overlap of 
years 

Figure 34: Before and after questions of the pilot study 
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Some of the after questions of the questionnaire as a result of the pilot study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Although Bishop and Herron (2015) argue that Likert scales sometimes violate the 

statistical assumptions required to evaluate them as normally distributed parametric 

data, Likert-type scale was considered appropriate for this study as it has been proven 

Didn’t produce 
relevant answers to 
the research aims 
and objectives due 

to poor focus 

Well delineated 
and 

unambiguous  

More concise and 
better focused on 

research objectives  
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effective for evaluating the interactive experiences and judgements of respondents in 

the form of quantified data (Jamieson, 2004; and Kaptein et al., 2010). It is important 

to note that academic opinions vary on the ideal number of points of scale to choose 

regarding a Likert-type scales. While Cohen, et al. (2000) recommend the use of a 7-

point Likert scale for optimum reliability; Mattel, and Jacoby (1971) argued that the 

number of scale points on Likert scales does not affect their validity and reliability. 

However, Ray (1980) determined that adopting a five-point Likert scale increased the 

internal reliability over a 3-point scale for their results. To this end, a five-point Likert-

type scale was adopted for this study to determine the overall assessments of the NNPC 

workers on various performance issues regarding the refineries.  

 

The targeted population size for the main questionnaires was determined using a 5% 

margin of error with a 95% confidence level based on the estimated number of direct 

staff of all the refineries (Bartlett et al., 2001). According to the 2018/2019 released 

financial statement of the refineries, the number of direct staff who work at the 

refineries was somewhat evenly spread across the three facilities with a total of 2,023 

personnel. Since obtaining responses from all the refinery workers would be practically 

impossible and not actually required, a 5% margin of error on 2,023 staff members with 

a 95% confidence level would require 323 interview respondents for the study. See 

equation 7. 

 

 

………………… (7) 

 

Where, n = sample size 

 σ = population standard deviation 

 z = z score (the number of standard deviations a given proportion is away from 

the mean). To find the right z – score, see Appendix 6. 

 

However, after applying the criteria for a minimum of three years’ work experience, 

the number fell to 199 participants. The choice of the three-year work experience was 

made in addition to the participants’ roles within the industry where the participants 

must be in a field relevant to the refineries operations. This position helped ensure that 

the participants have some good knowledge of the challenges facing the refineries.  
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The questionnaire, which explored the level of effectiveness of the various PESTEL 

factors regarding their impact on the performance of the refineries (See Appendix 5) 

had a range of 1 – 5 representing Least impact to Highest impact, respectively. To easily 

access the survey, an online tool (Google forms) was used to design the questionnaire 

and cascaded it to appropriate staff of the refineries. The data were collected over a 6-

month period from 10 December 2018 to 30 June 2019 as the responses gradually 

accumulated over time with constant reminders. This timeframe was considered 

sufficient for all the willing respondents to complete the survey.  

 

For this study, it is important to note that PHRC-I and PHRC-II were treated as one 

entity (PHRC) as the two refineries are co-located and are essentially run by the same 

pool of staff as a single company.  

 

The summary of the demographics of the questionnaire participants for this study, 

which has been cited in a publication carried out as part of this research in Iheukwumere 

et al. (2021/2021b) is as shown in Table 23. 
 

Table 23: Demographics of questionnaire participants 

Participants Size 

Targeted Population  200 

Respondents 118 

Department  

Engineering/Technical 83 (70%) 

Administration (HR/Finance/Accounts) 28 (24%) 

Managers 7 (6%) 

Years of Experience  

3 – 9 years 65 (55%) 

10+ years 53 (45%) 

Refinery  

PHRC 69 (58%) 

KRPC 27 (23%) 

WRPC 22 (19%) 

Qualifications  

BSC/HND 64 (54%) 

MSc 54 (46%) 

 

Table 18 indicates that 118 out of the targeted 199 (59%) participants completed the 

questionnaire. Although Fowler (2002) argued that there is no standard response rate 
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for research studies, Groves (2006), however, acknowledged that a higher response rate 

can be indicative of a more reliable survey with better quality allowing limited room 

for bias. Fincham (2008) opined that a near 60% response rate for a survey 

questionnaire is not only satisfactory but should be the goal of every researcher. On this 

basis, the response rate for this study is judged to be satisfactory.  

 

From this data, 83 (70%) of the participants had an engineering/technical background, 

24% (28) were from administration, while 7 (6%) have some management positions in 

the refineries. The spread of the respondents across the refineries were 69 (58%) for 

PHRC, 27 (23%) for KRPC and 22 (19%) for WRPC. Overall, 65 (55%) of the 

respondents had 3 – 9 years’ experience, while 53 (45%) had 9+ years’ experience. 

5.2.1 Standardised quantitative results  
 

The questionnaire initially focused on sampling the perception of the refinery 

professionals on the impact of the PESTEL factors on the performance of the refineries 

with respect to capacity utilisation, operational cost, and downtime. The respondents 

ranked their scores from 1 representing Least impact, 2 – Low impact, 3 – Moderate 

impact, 4 – High impact and 5 - Highest impact. This was done to provide some insight 

into how the respondents viewed the effects of each of these factors on the refineries’ 

performance.  

 

These responses were standardised based on participants’ years of experience. This was 

done by multiplying the scores of each participant based on their average years of 

experience. This approach ensured that professionals with higher years of experience 

carried higher relative scores compared with their counterparts with lesser years of 

experience (Boateng et al., 2015). These calculations were tabulated, coded, and 

summarised in an excel spreadsheet.  

 

Using a weighted quantitative scoring (WQS) method (Equation 7), the relative weights 

of the three judgement criteria were first determined using the responses to the question: 

 “How would you rank the importance of the following criteria for measuring the 

performance of this refinery [Capacity utilisation, Operating costs, and Downtime]?”  

 

Based on the WQS method, the Mean Values (MVr) for the relative weights is as 

expressed by equation 8: 
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MVr   =          1/𝑛 (∑ Yi(cu, oc, d)

𝑛

𝑖=1

) … … … … … … … … … … … … . . (8) 

 

Where:  

MVr = the value of mean scores of importance for each criteria determined by the WQS 

Y = value of each criteria expressed as a percentage of each participant’s year of 

experience multiplied by their score of importance. 

Icu   =   participant’s score of importance for criteria on capacity utilisation  

Ioc = participant’s score of importance for criteria on operating cost 

Id = participant’s score of importance for criteria on downtime 

n = total number of research participants (n = 118) 

 

Table 24 is a summary of the standardised participants’ score of importance for the 

three criteria used for pairwise comparisons.  

 

Table 24: Standardised value for criteria 

 
1/𝑛 (∑ 𝑌𝑖(cu)

𝑛

𝑖=1

)  1/𝑛 (∑ 𝑌𝑖(oc)

𝑛

𝑖=1

) 1/𝑛 (∑ 𝑌𝑖(𝑑)

𝑛

𝑖=1

) 
Rounded Mean Values 

(MVr) 

 Capacity 

utilisation 

Operating costs Downtime  

Capacity utilisation 3.50               4 

Operating costs  3.55              4 

Downtime   3.47             3 

 

Having standardised the relative importance of these criteria, the Mean Values for the 

PESTEL factors against each of the criteria were also standardised as shown in Table 

25. 
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Table 25: Standardised criteria Mean values for the PESTEL factors. 

 

CU = Capacity utilisation; OC = Operating cost; and D = Downtime 

 

These standardised set of values (rounded mean values) were used for the pairwise comparisons of the analytical hierarchy process across the three 

criteria namely: capacity utilisation, operating cost, and downtime. These criteria were used to assess the performance impact of the PESTEL 

factors on the refineries through ranking. Therefore, using the question: “How would you rank the impact of the following PESTEL factors with 

respect to capacity utilisation, cost of operation and downtime on the refineries?”.  

The responses of the participants were analysed in a spreadsheet using the AHP equations outlined in equations 1 – 6 (see Section 4.9) and 

summarised as shown in Table 26. 

 

 
1/𝑛 (∑ Yi(CU)

𝑛

𝑖=1

) 1/𝑛 (∑ Yi(OC)

𝑛

𝑖=1

) 1/𝑛 (∑ Yi(D)

𝑛

𝑖=1

) 
 

Rounded Mean Values (MVr) 

 Capacity utilisation Operating costs Downtime Capacity utilisation Operating costs Downtime 

Political 3.54 3.47 3.58 4 3 4 

Economic 2.90 3.18 3.07 3 3 3 

Social 2.34 2.57 2.50 2 3 3 

Technical 3.07 3.15 3.15 3 3 3 

Environmental 2.25 2.36 2.31 2 2 2 

Legal 2.17 2.20 1.92 2 2 2 
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The steps undertaken to develop Table 26 involved the development of the matrices for pairwise comparison, which helped calculate the priorities, 

consistency indices and the consistency ratios. 

 

Table 26: Matrix of pairwise comparisons of the PESTEL factors for capacity utilisation, operating cost, and downtime 

  MVr Political Economic Social Technical Environmental Legal Pi Ranking  

Capacity Utilisation 

 

𝝀 max = 6.0138 

CI = 0.0028 

RI = 1.25 

CR = 0.0022 

 

 

Political 4 1 2 3 2 3 3 0.3268 1 

Economic 3 ½ 1 2 1 2 2 0.1884 2 

Social 2 1/3 ½ 1 ½ 1 1 0.0988 3 

Technical 3 1/2 1 2 1 2 2 0.1884 2 

Environmental 2 1/3 1/2 1 1/2 1 1 0.0988 3 

Legal 

 

2 1/3 1/2 1 1/2 1 1 0.0988 3 

Operating Cost 

 

𝝀 max = 6.0000 

CI = 0.00 

RI = 1.25 

CR = 0.00 

Political 3 1 1 1 1 2 2 0.2000 1 

Economic 3 1 1 1 1 2 2 0.2000 1 

Social 3 1 1 1 1 2 2 0.2000 1 

Technical 3 1 1 1 1 2 2 0.2000 1 

Environmental 2 1/2 1/2 1/2 1/2 1 1 0.1000 2 

Legal 2 1/2 1/2 1/2 1/2 1 1 0.1000 2 
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  MVr Political Economic Social Technical Environmental Legal Pi Ranking  

Downtime 

 

𝝀 max = 6.0138 

CI = 0.0028 

RI = 1.25 

CR = 0.0022 

Political 4 1 2 2 2 3 3 0.3102 1 

Economic 3 1/2 1 1 1 2 2 0.1703 2 

Social 3 1/2 1 1 1 2 2 0.1703 2 

Technical 3 1/2 1 1 1 2 2 0.1703 2 

Environmental 2 1/3 1/2 1/2 1/2 1 1 0.0895 3 

Legal 2 1/3 1/2 1/2 1/2 1 1 0.0895 3 

 Legend: 𝝀 max = Maximum eigenvalue, Pi = Priorities, CI = Consistency Index, RI = Random Index, CR = Consistency Ratio (= CI/RI) 

 

The priorities (Pi) as indicated in Table 26 were calculated using the Row Geometric Mean Method (Ri) with the pairwise N x N comparison 

matrix as expressed by equation (9) and standardised as shown by equation (10) (Escobar et al., 2004). 

 

 

   

  

  

   

 

Therefore, Tables 27 and 28 can be developed for Factor Weights and Factor Evaluations using the priorities across the three criteria over the 

PESTEL factors.  

Ri        =  

 
(∏ 𝐴 𝑖, 𝑗

𝑁

𝑖 = 1

)

1/𝑁

 

……………………. (9) 

 

Pi         = 

Ri
∑ 𝑅𝑖𝑁

𝑖=1
⁄  

 

……………………. (10) 
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Table 27: Factor weights for PESTEL factor 

Factor Weights MVr Political Economic Social Technical Environmental Legal 

𝝀 max = 6.0138 

CI = 0.0028 

RI = 1.25 

CR = 0.0022 

Capacity utilisation 4 0.3268 0.1884 0.0988 0.1884 0.0988 0.0988 

Operating cost 4 0.2000 0.2000 0.2000 0.2000 0.1000 0.1000 

Downtime 3 0.3102 0.1703 0.1703 0.1703 0.0895 0.0895 

 

 

Table 28: Factor evaluation for the three judgment criteria 

Factor Evaluations MVr CU OC D Pi 

𝝀max = 3.0 

CI = 0.00 

RI = 0.52 

CR = 0.00 

Capacity utilisation (CU) 4 1 1 2 0.4000 

Operating cost (OC) 4 1 1 2 0.4000 

Downtime (D) 3 1/2 1/2 1 0.2000 

  

The overall ranking is determined by multiplying the Factor Weights (FWs) by the Factor Evaluations (FEs) for all the PESTEL factors and 

summing the columns to determine the total priorities. Therefore, combining Tables 27 Table 28, will result in Tables 29 and 30 as shown.  
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Table 29: Factor weights and factor evaluations 

Criteria   Factor Weights 

Factor 

Evaluations 

Political Economic Social Technical Environmental Legal 

Capacity utilisation 0.4000 0.3268 0.1884 0.0988 0.1884 0.0988 0.0988 

Operating cost 0.4000 0.2000 0.2000 0.2000 0.2000 0.1000 0.1000 

Downtime 0.2000 0.3102 0.1703 0.1703 0.1703 0.0895 0.0895 

  

 

Table 30: A product (W) of Factor Weights (FWs) and Factor Evaluations (FEs). 

 Political Economic Social Technical Environmental Legal 

Capacity utilisation 0.13072 0.07536 0.03952 0.07536 0.03952 0.03952 

Operating cost 0.0800 0.0800 0.0800 0.0800 0.0400 0.0400 

Downtime 0.06204 0.03406 0.03406 0.03406 0.0179 0.0179 

∑ 𝑊

𝑛

𝑗=1

 
0.27276 0.18942 0.15358 0.18942 0.09742 0.09742 

Ranking 1 2 4 2 5 5 

  
 

Table30 shows the product (W) of the Factor Weights and Factor Evaluations which determines the final rankings of the PESTEL factors. This 

implies that across the three judgment criteria, political factors ranked the highest, followed equally by economic and technical factors, then by 

social factors and lastly by environmental and legal factors, which ranked equally, as summarised in Table 31.
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Table 31: Summary of PESTEL Factor rankings 

 

 

As indicated in Section 4.9, using equations (5) and (6), a consistency test was carried 

out to validate the values obtained from the pairwise comparison matrices. As such, 

since all the values of the Consistency Ratio (CR) were less than 0.10 in Table 26, it 

implies that the values obtained were acceptably consistent (Saaty, 1980/1987).  

 

To determine the priorities for the subcategory PESTEL factors, a pairwise comparison 

matrix was set up as shown in Table 32.  

 

It should be noted that the values in Tables 26 and 32 are mostly a value of one (1) as 

the variables from the questionnaire had been reduced to their least forms having been 

converted using Saaty’s fundamental scale of pairwise comparison shown in Table 20. 

 

 

 

 

 

 

 

 

Factors AHP priorities AHP Ranking Scores 

Political 0.27276 1st 

Economic 0.18942 2nd 

Technical 0.18942 2nd 

Social 0.15358 4th 

Environmental 0.09742 5th 

Legal 0.09742 5th 
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Table 32: Pairwise comparison matrix for subcategory PESTEL factors 

 

Political factors  MVr GI FI PI GC MA Pi Ranking  

𝝀max = 5.0 

CI = 0.00 

RI = 1.11 

CR = 0.00 

 

Government interference (GI) 4 1 1 1 1 2 0.2222 1 

Funding issues (FI) 4 1 1 1 1 2 0.2222 1 

Political indecision (PI) 4 1 1 1 1 2 0.2222 1 

Government commitment (GC) 4 1 1 1 1 2 0.2222 1 

Managerial appointments (MA) 3 1/2 1/2 1/2 1/2 1 0.1111 5 

Economic factors  MVr CSP OC ER SI PM Pi Ranking  

𝝀max = 5.0 

CI = 0.00 

RI = 1.11 

CR = 0.00 

 

Cost of spare parts (CSP) 4 1 1 1 2 1 0.2222 1 

Operating capital (OC) 4 1 1 1 2 1 0.2222 1 

Exchange rates (ER) 4 1 1 1 2 1 0.2222 1 

Subsidy issues (SI) 3 1/2 1/2 1/2 1 1/2 0.1111 5 

Profit margins (PM) 4 1 1 1 2 1 0.2222 1 

Social factors  MVr TPA IR SI C CS GCD STI Pi Ranking  

𝝀max = 7.0 

CI = 0.00 

RI = 1.35 

CR = 0.00 

Theft/pipeline attacks (TPA) 4 1 2 1 2 2 2 2 0.1905 1 

Illegal refining (IR) 3 1/2 1 1/2 1 1 1 1 0.0952 3 

Security issues (SI) 4 1 2 1 2 2 2 2 0.1905 1 

Compensations (C) 3 1/2 1 1/2 1 1 1 1 0.0952 3 

Collusion &Sabotage (CS) 3 1/2 1 1/2 1 1 1 1 0.0952 3 

Grievances & comm disputes (GCD) 3 1/2 1 1/2 1 1 1 1 0.0952 3 

Stakeholder involvements (STI) 3 1/2 1 1/2 1 1 1 1 0.0952 3 
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Technical factors  MVr MI ARP LPC FSS ST SC Pi Ranking  

𝝀max = 6.0 

CI = 0.00 

RI = 1.25 

CR = 0.00 

Maintenance issues (MI) 4 1 1 2 1 1 1 0.1818 1 

Ageing refinery plants (ARP) 4 1 1 2 1 1 1 0.1818 1 

Limited plant capacity (LPC) 3 1/2 1/2 1 1/2 1/2 1/2 0.0909 6 

Crude oil/Feedstock supply (CFSS) 4 1 1 2 1 1 1 0.1818 1 

Staff training (ST) 4 1 1 2 1 1 1 0.1818 1 

Staff competence (SC) 4 1 1 2 1 1 1 0.1818 1 

 

Environmental factors  MVr POL H&S P&F Pi Ranking  

𝝀max = 3.0 

CI = 0.00 

RI = 0.52 

CR = 0.00 

Pollution (Air, land, water) (POL) 3 1 1 1 0.333 1 

Health & Safety (H&S) 3 1 1 1 0.333 1 

Penalties and fines (P&F) 3 1 1 1 0.333 1 

 

Legal factors  MVr UPIB LA RPI RLE Pi Ranking  

𝝀max = 4.0 

CI = 0.00 

RI = 0.89 

CR = 0.00 

Uncertainties about PIB (UPIB) 4 1 2 2 2 0.4000 1 

Legal actions (LA) 3 1/2 1 1 1 0.2000 2 

Regulatory procurement issues (RPI) 3 1/2 1 1 1 0.2000 2 

Regulatory limitations on emissions (RLE) 3 1/2 1 1 1 0.2000 2 

 

Dropping the variables with the least ranking priorities across each category, results in Table 33 where these variables are highlighted. The 

significance of these findings was put up for validation through interviews to ascertain their usefulness for building the causal loop models.
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Table 33: Overall AHP weights highlighting less significant variables to be dropped 

Political Factors 

 

AHP Weight = 0.27276                                         

AHP Score (1st) 

Sub-Factor AHP Ranking                                                                                                                                 

Government interference (GI)  1 

Funding issues (FI)  1 

Political indecision (PI)  1 

Government commitment (GC)  1 

Managerial appointments (MA)  5 

Economic Factors  

 

AHP Weight =0.18942                                           

AHP Score (2nd) 
 

Cost of spare parts (CSP)  1 

Operating capital (OC)  1 

Exchange rates (ER)  1 

Subsidy issues (SI)  5 

Profit margins (PM)  1 

Technical Factors 

 

AHP Weight = 0.18942                                         

AHP Score (2nd) 
 

Maintenance issues (MI)  1 

Ageing refinery plants (ARP)  1 

Limited plant capacity (LPC)  6 

Crude oil/Feedstock supply (FSS)  1 

Staff training (ST)  1 

Staff competence (SC)  1 

Social Factors 

 

AHP Weight = 0.15358                                        

AHP Score (4th) 
 

Theft/pipeline attacks (TPA)  1 

Illegal refining (IR)  3 

Security issues (SI)  1 

Compensations (C)  3 

Collusion &Sabotage (CS)  3 

Grievances & comm disputes (GCD)  3 

Stakeholder involvements (STI)  3 

Environmental Factors 

 

AHP Weight =0.09742                                             

AHP Score (5th) 
 

Pollution (Air, land, water) (POL)  1 

Health & Safety (H&S)  1 

Penalties and fines (P&F)  1 

Legal Factors 

 

AHP Weight = 0.09742                                             

AHP Score (5th) 
 

Uncertainties about PIB (UPIB)  1 

Legal actions (LA)  2 

Regulatory procurement issues (RPI)  2 

Regulatory limitations on emissions 

(RLE) 

 2 
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5.3 Qualitative Analysis (Multiple Case Study) 

Following the results of the quantitative method, it was necessary to validate the 

findings through a qualitative method. As such, the qualitative analysis for this study 

relied on the analysis of the interviews as a means of validating the findings of the 

questionnaires.   

5.3.1 Interviews  

As stated in section 4.7.2, to validate the results of the questionnaire for research 

reliability, interviews were conducted to understand how the identified factors 

operationalise across the NNPC refineries. In addition, considering that environmental 

and legal factors ranked amongst the lowest of the PESTEL factors using AHP analysis, 

it was necessary to determine from the relevant authorities at the refineries if the sub-

environmental and sub-legal factors had indeed no significance on the operations of the 

refineries.  

 

Drawing from a pool of senior refinery staff across the three facilities, the key 

questionnaire findings were put to test via telephone interviews (see Section 4.7.2). 

Fifteen interviews were conducted in total as an additional official was later identified 

in PHRC bringing the total participants of the interviewees at PHRC to 5; 4 officials 

were interviewed at Warri refinery, 3 for Kaduna refinery and another 3 NNPC officials 

from different NNPC subsidiaries (see Figure 7, Section 2.2.3) as a means of 

triangulation. Table 34 shows the demographics of these interview participants.  
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Table 34: Demographics of interview participants 

Participants Role Departments Years of Experience 

PHC -1 Director PHRC 25 

PHC - 2 Plant Manager PHRC 15 

PHC - 3 Maintenance Engineer PHRC 11 

PHC - 4 Maintenance Supervisor PHRC 12 

PHC - 5 Administrator  PHRC 15 

WRP – 1 Production Manager  WRPC 17 

WRP – 2 Plant Manager WRPC 15 

WRP – 3 Materials Manager WRPC 12 

WRP - 4 Process Engineer WRPC 11 

KRP – 1 Plant Manager KRPC 18 

KRP - 2 Technical Supervisor KRPC 11 

KRP - 3 Maintenance Engineer KRPC 15 

SUB – 1 Director Corporate Services 20 

SUB – 2 Supervisor Downstream 15 

SUB – 3 Director Downstream 21 

Source: Author generated. 

 

Various codes were used in Table 34 to classify the participants from the three refineries 

(given that PHRC I and II are treated as one unit – see Section 5.2) and those from the 

NNPC subsidiaries. In this sense, PHC stands for participants from both Port Harcourt 

refineries (treated as one unit), WRP for participants from Warri refinery, KRP for 

participants from Kaduna refinery and SUB describes participants from NNPC 

subsidiaries. It was considered necessary to triangulate the findings from the three 

refineries from other NNPC subsidiaries to eliminate any bias from the refineries’ 

participants. This also helped to ensure both literal and theoretical replication in order 

to establish consistency and/or explore any contrasts across the refineries (Ridder, 2017 

and Eisenhardt, 1991). The interviews were conducted using open-ended questions 

mapped onto the research aims and objectives (See Table 35, Section 5.3.1 and 

Appendix 7). This approach is consistent with the non-standard, semi-structured 

interview format adopted to allow the researcher the flexibility to ask further questions 

(See Section 4.7.2). In addition, a sequential order was followed starting with the 

participants from PHRC, and progressing to WRPC, KRPC and other NNPC 
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subsidiaries. The choice of this order was purely based on convenience to allow the 

researcher to maintain some order to the data collection. 

 

The focus of the interview for the refineries was to explore how the PESTEL factors 

generally operationalise across the refineries, their interrelationships as well as the 

significance (if any) of the least ranking factors from the AHP results. Whereas the 

interviews done for other subsidiaries were to confirm these findings from external 

sources. Unfortunately, the interviews conducted across the subsidiaries did not 

produce any new findings but further confirmed the initial findings from the 

respondents of the three refineries. As such, data collection was therefore discontinued 

as saturation point was reached by this number. According to Bowen (2008), a 

saturation point in a research study refers to a point during data collection where the 

addition of more research participants does not produce new insights but increases 

replication and redundancy. Hence, the data set is judged to be complete at this point. 

 

NVivo 20 was used to carry out thematic analysis for the interview results to identify 

emergent themes from the participants’ responses. According to Scharp and Sanders 

(2019), the six steps undertaken for conducting a thematic analysis include: 

(1) gaining familiarity with the data, (2) creating coding categories or subcategories, 

(3) generating themes, (4) reviewing themes, (5) labelling themes, and (6) identifying 

exemplars.  

 

Thematic analysis was chosen over content analysis (adopted by Iheukwumere et al., 

2021b) in this study as it offers a more flexible and beneficial method, which provides 

a multidimensional account of the research data (Vaismoradi et al., 2013). In addition, 

given that this study was designed to explore the nature of causal interrelationships 

between variables, a content analysis was deemed inappropriate as it overly relies on 

frequency and counting to develop its themes. Marks and Yardley (2004) note that this 

approach presents a danger of missing important themes due to mere quantification. 

Whereas a thematic analysis being theory driven, compensates for this by appropriately 

allowing the researcher’s knowledge to guide the identification of themes.  

 

To categorise the research findings into relevant themes, the study adopted a 

combination of pre-set and emergent themes. Taylor-Powell and Renner (2003) 

describes pre-set themes as those themes which are predetermined by the researcher 
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from the literature, while emergent themes are those themes which emerge from the 

data. The combination of these themes was to eliminate any bias in the coding exercise 

and to allow the emergent themes to provide some triangulation for the pre-set themes 

(Kohlbacher, 2006). Patton (1999) describes triangulation as a means of using multiple 

methods in qualitative research to provide validity to a phenomenon through the 

convergence of information from different sources. Accordingly, the pre-set themes 

were chosen as the themes already established from the literature which formed the 

input for the questionnaires as shown in Table 10 (Chapter Two, Section 2.4). Whereas 

the emergent themes are the themes that emerged from the responses of the participants 

outside the pre-set themes. 

 

Using NVivo 20 software, the relationships associated with sentences were coded into 

nodes, which enhanced the understanding of causality of the variables at play within 

the refineries. Although Rutledge (2008) and Engel and Schutt (2016) note that using 

NVivo to analyse qualitative data can present some challenges for a researcher due to 

the time it requires to learn the package and pre-process the data into the computer 

system. However, Sharp et al., (2019) acknowledge that NVivo can be effective and 

powerful for dealing with large data sets, as well as provide richer insights into 

qualitative data in a timely manner compared to humans.  NVivo 20 was chosen for this 

analysis as the available qualitative data analysis software from the university, the use 

of which appropriate training was also provided for the researcher.  

 

The NVivo analysis output using a word cloud for the most frequently used words 

across the interview transcripts is as shown in Figure 35. This is useful as an initial 

overview of the themes emerging from the research data. 

 

 

 

 

 

 

 

 

  



153 
 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

A close observation of Figure 35 reveals several generated word themes bordering on 

maintenance, management and control, government involvements, financing, 

corruption, vandalization, supply and costs issues with the NNPC refineries.  

 

A hierarchical chart produced from NVivo 20 (Figure 36) from the analysis of the 

interview data further provides evidence on the weight of these themes by references. 

As such, this can be regarded as a valid triangulation for the initial questionnaire 

findings.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 35: NVivo 20 Word cloud image of the most frequently used interview words 

Figure 36: A hierarchy chart of themes by references 
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Figure 36 indicates that management issues and maintenance issues appear to be the 

most common themes identified by the interviewees. This is closely followed by 

government interference, lack of autonomy, funding issues, corruption, pipeline 

vandalism, procurement and logistics, equipment reliability, high operating cost, and 

equipment breakdown. These factors appear to be consistent with the findings of 

Ogbuigwe (2018), Akinola (2018), Wapner (2017) and Iwayemi (2008), which outlined 

the challenging factors limiting the performance of NNPC refineries.  

 

Following the multiple case study protocol shown in Fig 27 (Section 4.5.7), some of 

the significant findings of the interviews conducted across the three refineries are as 

shown in Table 35. For example, when asked to describe how the various PESTEL 

factors influence the performance of the refineries, the following remarks ensued: 

 

Table 35: Interview findings across the refineries 
Refinery Participant 

Code 

Remarks Emerging 

Theme(s) 

P
H

R
C

 

PHC-1 

The factors which affect the refineries are multi-dimensional. 

Personally, I would say the main ones are politically driven. This 

is because as long as these refineries remain under government 

control, nothing major can change. We do not have any authority 

to make any major decisions here except by approval by the 

government. Typically, it would be hard to operate a refinery in 

this manner. You see, sometimes when there is a need to respond 

quickly to a situation in the plant here, before one can obtain all 

the necessary approvals to resolve that issue, a lot of things 

would have worsened. 

 

[…] this truly affects our ability to keep the refineries running 

smoothly in terms of our ability to carry out regular 

maintenance. Again, I would say those social factors like 

pipeline vandalization are also important factors to consider but 

those are not entirely under our control. We our doing our bit to 

engage the communities through our CSR but I think 

government needs to do more on their own end to quell those 

agitations. Even though the incidence has reduced right now 

[March 2021] but we can’t guarantee how long things would 

stay quiet in this regard.  

Political interference 

Lack of autonomy 

Maintenance issues 

Pipeline vandalism 
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PHC-2 

Government should relinquish control of running the refineries 

and change our model of operation. If the management of the 

refineries have the authority to make their own decisions and 

control the money for maintaining their facilities, things would 

be better. The lack of control we experience affects our ability 

to do proper maintenance. Another thing is that operating cost is 

high as the PHRC incurs unnecessary operating costs. One 

major area this occurs is by outsourcing power generation 

contracts to external companies which the refineries continue to 

pay for even at zero operations. On the contrary, I think the 

refinery itself should be able to do this. This is tied to corruption 

with officials at the top trying to enrich themselves. 

Government 

interference 

Lack of autonomy 

Operating cost 

Corruption 

 

PHC-3 

For me, most of the factors all interrelate to affect our 

performance here. The most important ones would be political 

interference from the government in the sense that we are not 

allowed to make timely decisions regarding our plants. This is 

especially due to the fact that we don’t have control of major 

financing. However, the environmental and legal factors are less 

impactful on our operations.  

Political interference 

Funding issues 

W
R

P
C

 

WRP-1 For many years now, things have not been running as they 

should in this refinery. For instance, there has hardly been an 

effective turnaround maintenance done here since I started. It 

seems to me that people at the helm of affairs at government 

level are always more likely to enrich themselves than to 

actually get things working across the refineries...too many 

issues every now and then have slowed down the progress of the 

refineries. If not the issue of pipeline vandalization and supply 

disruptions, it will be that of equipment breakdown. Maybe the 

adoption of the NLNG operating model would make things 

better. As long as government remains in control of issues here, 

I don’t see us making much headway. Even the management can 

also be selfish and corrupt [….] This reflects in lack of relevant 

training on a regular basis for the staff. In fact, some of the 

trainings undergone by some staff sometimes are not that 

relevant to what they actually do. 

Maintenance issues 

Corruption 

Pipeline vandalism  

Training issues 

 

WRP-3 I think all the factors mentioned in the questionnaire come into 

play in one way or the other. For example, sometimes lapses in 

security may result in pipeline breakage. Our inability to freely 

access funding of course impacts our ability to keep our plants 

running as it should be. You know our plants have been down 

Security issues 

Pipeline 

vandalization 

Maintenance issues 
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for more than a year now [April 2021] and this is because there 

are plans by the government to carry out major maintenance. 

This turnaround maintenance has hardly been effectively carried 

out in this facility since I started working here. 

WRP-4 Actually, most of the factors are interlinked in one way or the 

other. […] there is a lot of management issues to what the 

refineries are facing as well. For example, there is no structured 

approach to maintenance. The maintenance done usually 

depends on the level of funding available, the management 

philosophy at the time etc. If the equipment are really well 

maintained the way they should, there would be hardly any 

major breakdowns due to improved reliability.   

Management issues, 

Maintenance issues,  

Funding issues 

Equipment 

reliability 

KRPC KRP-1 For me, the factors are all related in the way they affect our 

operations. You know that government controls the money for 

funding our maintenance. So, if this money is not released 

especially as at when due it usually affects the smooth 

operations of things around here. You see, most of the 

equipment we use are failing and are becoming obsolete. Timely 

turnaround or regular maintenance should have been able to fix 

or replace these equipment, but this is not being done as 

expected.  

Lack of autonomy 

Government 

interference 

Funding issues 

Maintenance issues 

Equipment 

reliability 

 

 KRP-2 A lot of relationships can of course be drawn around those 

factors […] Our problems usually tend to centre around logistics 

and supply of equipment parts, funding for general maintenance 

and corruption within the management. […] If I am asked where 

major changes should come from, I would say change the 

logistics and supply chain managers, the finance managers, and 

the maintenance managers with expatriates. These are where the 

main problems lie…there is a lot of corruption with the way our 

people manage things… 

Management issues   

Corruption 

Procurement & 

logistics 

Maintenance issues  

Funding issues 

 KRP-3 We truly experience most of the factors mentioned in that 

questionnaire […] overwhelming maintenance problems, 

government control, supply issues. The only thing is that we do 

not experience pipeline vandalism within the Kaduna environs. 

But we suffer supply disruptions when there is a breach as a 

result of attack on our line within the Niger Delta Area. So, we 

are definitely affected as we are all in the loop. 

Maintenance issues 

Pipeline vandalism 

Crude oil supply 

issues 

 SUB-1 The main problem with the refineries is the lack of control to 

determine their own affairs. NNPC used to set aside a budget for 

maintaining the refineries, but the government later took over 

Lack of autonomy 

Training issues  

Funding issues 
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the control of that and are now the ones who determine when 

money should be released to the refineries for maintenance […] 

Well, I’m aware that the refineries do not have any structured 

approach for training their staff. Some people have worked there 

for many years and haven’t been sent for a single training, while 

some have attended a few. Training at the refineries usually 

depends on so many factors – the area you work, how your boss 

feels about it, and the funding available. The truth is that the 

original policy for maintaining the refineries designed by the 

equipment builders is not being implemented and this has really 

affected the operations at those plants […] 

Management issues 

Policy issues 

 SUN-3 The refineries are down because there is lack of political will to 

truly get things done. Can you imagine that the refineries built 

to supply Nigeria’s refined products have hardly had any major 

maintenance for years now [….]. Most of the factors I saw in the 

questionnaire are relevant to the poor performance of the 

refineries. Primarily, government control of the refineries does 

not augur well with its performance. This is related to how 

government releases funds to carry out major works there. 

Again, there tend to be corruption here as some of the people in 

charge are sometimes inclined to looking for what they will gain 

from things like this […] 

Political will 

Government 

interference 

Funding issues 

Corruption  

 

 

Table 35 indicates that a thematic analysis of the interview transcripts with NVivo 20 

produced themes which aligned with many of the pre-set themes established from the 

literature and explored by the questionnaire. These results further validate the AHP 

results and is a valid triangulation. 

5.3.2 Interview Analysis  

Respondents from PHRC, WRPC and KRPC all appeared to agree that government 

interference, maintenance issues, funding issues, pipeline vandalism, corruption, 

management issues, equipment reliability, and training issues were some of the main 

factors affecting the performance of the refineries. For example: PHC-1 stated: “[…] 

Personally, I would say the main factors are politically driven. […] As far as these 

refineries remain under the control of government, nothing major can change […]”. 

The statement affirms the respondent’s opinion that political factors operationalise as 

government control (interference) and play a key role in limiting the performance of 

the refineries. This submission is consistent with the opinions of various scholars that 
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government control over the refineries has created major setbacks regarding timely and 

effective decision making which affects the refineries (Iheukwumere et al., 2021b, 

Ogbuigwe, 2018; and Igboanugo et al., 2016). 

 

On the effect of maintenance issues WRP-1 stated: “For many years now things have 

not been working as it should […] for instance, there has hardly been an effective 

turnaround maintenance since I started here […]”. This assertion echoes the 

sentiments of other participants that none of the refineries has been serviced as 

recommended by the manufacturers. This observation contradicts the standard practice 

for refinery maintenance as reported by Duffuaa and Ben-Daya (2004) that turnaround 

maintenance of facilities like refineries ought to be carried out every 24-36 months of 

operation. In addition, further evidence suggests that continuous non-commitment of 

the government via the NNPC to fix the refineries is associated with poor funding 

occasioned by corruption from officials who seek personal gains at the expense of the 

common good. This notion is captured by the statements of KRP-2: “If I am asked 

where major changes should come from, I would say change the logistics & supply 

chain manager, the finance manager, and the maintenance manager with expatriates. 

These are where the main problems lie…there is a lot of corruption […]”.  

 

Also, SUB-1 observes that “[…] the main problem with the refineries is the lack of 

control to determine their own affairs. NNPC used to set aside a budget for maintaining 

the refineries, but the government later took over the control of that and are now the 

ones who determine when money should be released to the refineries for maintenance 

[…]”. 

 

Clearly, the refineries have struggled under government control for many years. 

Ogbuigwe (2018) noted that since the early 1990s when the refineries fell under the 

control of politicians who have little political will to fix the facilities, it has been 

difficult to operate the assets in line with best practice.  

 

When asked how interference from the government is operationalised in the refineries, 

respondents across the three refineries shared similar views. For example, PHC-4 stated 

“[…] when government fails to release needed funds in time, it delays the time the 

refineries will need to get the problems resolved.” This assertion implies that the 

untimely response from government when issues arise in the refineries prolongs 
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intervention time and as a result compounds issues. This statement is corroborated by 

WRP-1 who reported that “[…] since I started working here, I have never witnessed a 

time when an equipment would breakdown or was about to breakdown and an appeal 

is made for funds to quickly resolve the issue and get approved in time”. Clearly, this 

implies that such associated delays in the release of funds contributes to worsening 

equipment conditions. KRP-1 appears to convey the message clearer by stating that 

“[…] if the boss of each refinery had the full authority to access adequate funds, they 

would be more likely to intervene and respond to issues in time.” 

 

Since intervention time is a recurring theme from these assertions, it was therefore 

included as one of the emergent themes (variables) for inclusion in the causal loop 

diagram. 

 

In addition, when asked to explain how maintenance issues are operationalised across 

the refineries, the participants concurred there were no structured approaches towards 

maintenance across the refineries. Instead, there is rather a reactive approach (e.g., 

corrective and turnaround) towards maintenance across the plants rather than proactive. 

This condition clearly falls short of best practice across the industry, where such 

facilities are known to operate with regular maintenance schedule (Forsthoffer, 2011). 

WRP-2 noted that “[…] although we have various maintenance schemes at the 

refineries such as preventive, corrective, and turnaround maintenance […] these 

programs are not being implemented as they should [. . .] it is usually when things 

break down that we go and check what has happened […]” This assertion not only 

confirms a reactive approach to maintenance but also implies that unattended 

maintenance issues at the refineries accumulate over time and result to equipment 

breakdown. It is, therefore, important to capture the link in the model by breaking 

maintenance issues into the relevant types (accumulated and reactive maintenance 

issues).  
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A screenshot of the NVivo 20 window showing some of these themes is as shown in 

Figure 37. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is important to note, however, that some new variables appeared as emergent themes 

from this qualitative analysis, and these include equipment reliability, procurement and 

logistics, and intervention time. The appearance of these variables was consistent across 

the three refineries, and they were therefore included in the overall variables. 

 

Lastly, considering that most the themes arising from the interview seem to validate 

political, technical, social, and economic factors, it was necessary to investigate if any 

of the legal and environmental sub-factors had any significance to the operations of the 

refineries. To this end, WRP-2 stated “[…] well I am not aware of how the listed legal 

and environmental factors do affect our operations. The only thing I can say is that we 

experience incidences of fire in the refineries, and this sometimes leads to shutdowns 

depending on the location and magnitude of the fire. In fact, sometimes we lose certain 

equipment due to damage from the fire. These incidents also put the lives of our staff at 

risk… […]” 

 

 

 

 

Figure 37: A screenshot of NVivo 20 coding window 
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Another official from Port Harcourt refinery (PHC-1) also corroborated this by stating: 

“Actually, in terms of environmental factors, I would say those factors like pollution, 

penalties & fines do not really affect us. This is because I don’t recall any time, we have 

had to pay any penalties or fines due to pollution etc. Although one can acknowledge 

that our activities, of course, contribute to environmental pollution, but it does not affect 

the performance of the refineries rather I would say it affects the environment 

negatively. It is only the issue of health and safety that I would say we experience in 

terms of accidents or related incidences, especially fire incidents which may accidently 

occur around our jetties or pipeline areas. Sometimes these can cause us to shut down 

for a while in order to fix the affected equipment […]. 

 

On the same issue of legal and environmental factors, an engineer from KRPC (KRP-

3) alluded that: 

“I don’t think that our performance here has been affected by legal issues per se. But 

the only factor I can see listed within the legal factors which is relatable is the 

procurement issue. The way we are affected by procurement is that there is a limitation 

to the type of items we can procure by ourselves. Again, this is related to funding 

availability and the issue of autonomy and control…. No refinery manager can 

purchase an item above his approved budget, and this is a real problem…. In terms of 

the environment, I would say that our activities rather impact on the environment and 

not the environment affecting us. For example, you know that when there is pipeline 

breakage, there would be serious pollution on the ground from the spillage and 

sometimes fire outbreak, especially if a refined product is involved. As for limitations 

on emissions, we do not have that issue here yet. However, the issue of the petroleum 

industry bill [now Petroleum Industry Act] is a known problem, but the government is 

at it now. I think it’s an example of how delays in political decisions can impact on the 

industry as a whole. We can only hope that the efforts the government is making on that 

front will yield positive results with time […]” 

 

These statements provide evidence that most of the legal and environmental factors are 

not significant with regards to the performance of the NNPC refineries. The only 

exceptions in this category were the Petroleum Industry Bill [now Petroleum Industry 

Act], which relates to political indecision under political factors, procurement issues 

which was corroborated by previous statements regarding poor procurement and 
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logistics practice across the refineries, and incidences of fire which relates to health and 

safety. Therefore, these factors were included in the variables as additional emergent 

themes considered as a valid triangulation.  

5.3.3 Triangulation of research findings 

 

Nightingale (2009) opines that triangulation is an analysis technique employed by 

multi-method research designs to complement the findings of one method with the 

other. The use of triangulation in management and social sciences is an 

acknowledgement that no one method of enquiry presents a perfect measure and as 

such, validates the importance of mixed methods (Johnson and Onwuegbuzie, 2004). 

As discussed in Section 5.3.1, interviews were used to provide triangulation for the 

quantitative method in this study.  

 

Table 36 summarises the findings of both the quantitative and the qualitative methods 

in this study. 

Table 36: Synthesized significant factors affecting NNPC refineries 

Quantitative Factors  Synthesized Qualitative Factors  

Political Factors  Validated pre-set themes 

Political interference 

Lack of autonomy 

Maintenance issues 

Pipeline vandalism 

Operating cost 

Corruption 

Funding issues 

Training issues 

Management issues  

Security issues 

Additional emergent themes 

Procurement and logistics 

Equipment reliability 

Intervention time 

Safety issues 

 

Unvalidated themes 

Pollution 

Govt interference ✓  

Funding issues ✓  

Political indecision ✓  

Political will ✓  

Managerial appointments ×  

Economic Factors  

Cost of spare parts ✓  

Subsidy issues ×  

Operating capital ✓  

Exchange rates ✓  

Profit margins ✓  

Social Factors  

Theft/attacks on pipelines ✓  

Illegal refining ✓  

Security issues ✓  

Compensations ✓  

Collusion and sabotage ✓  
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Grievances and community disputes ✓  Penalties and fines 

Legal actions 

Regulatory limitations on emissions. 

 

Technical Factors  

Maintenance issues ✓  

Ageing facilities ✓  

Facility design ✓  

Limited plant capacity ×  

Crude oil/Feedstock supply ✓  

Staff training ✓  

Staff competence ✓  

Environmental Factors   

Pollution (air, land, and water) ×  

Health and safety issues ✓  

Penalties & Fines ×  

Legal Factors   

Petroleum Industry Bill issues ✓  

Legal actions ×  

Regulatory procurement issues ✓  

Regulatory limitations on emissions ×  

 

The highlighted variables in Table 36 are the factors that would be dropped due to their 

relative insignificance on the performance of the refineries.  Following the multiple 

case study protocol design as shown in Figure 27 (Section 4.5.7), a summary case report 

can then be written based on these findings. 

5.4 Summary Case Report 

As indicated in Chapter 4 (Section 4.4), a mixed methods approach was adopted in this 

chapter to sample and analyse the results of the data collected through case studies of 

the three refineries. The quantitative analysis employed the Analytical Hierarchy 

Process (AHP) method to identify the more significant factors affecting the NNPC 

refineries, while the qualitative method employed thematic analysis to interpret the 

results of the interviews.  

 

Both analyses indicate that all the refineries experience similar performance challenges 

considering their central management and control by the NNPC Group. The 

quantitative method clearly identified such factors as government interference, lack of 

autonomy, corruption, funding issues, cost of operations, spare parts costs, maintenance 
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issues, training issues and pipeline vandalization as some of the significant factors that 

affect the performance of the refineries. The qualitative process validated these findings 

and clarified the insignificance of some of the themes from legal and environmental 

factors that could have been misconstrued. In addition, the qualitative method provided 

additional themes that were not originally captured through the quantitative method as 

developed from the literature. These factors include equipment reliability, procurement, 

and logistics issues, and intervention times, which can be considered a valid addition to 

the list.  

 

From the analyses, the respondents from all the refineries agreed with the assertions of 

Ogbuigwe (2018), Akinola (2018) and Wapner (2017) that lack of autonomy, 

corruption and government interference are some of the crucial factors limiting the 

performance of the NNPC refineries. In addition, it can be seen that pipeline 

vandalization also disrupts product supply to and from the refineries. These phenomena 

are common across all the refineries. The only technical difference is the manner in 

which this is operationalised for Kaduna refinery (KRPC), which unlike its counterparts 

(PHRC and WRPC), does not experience pipeline attacks within its environs. KRPC, 

however, is only affected by such pipeline breaches in Southern Nigeria as such 

incidences usually constitute a disruption in the trunkline that supplies or conveys 

KRPC’s products (i.e., a disruption to inward and backward flow to and from the 

refineries). 

 

From the foregoing, it can be argued that the multiple factors which affect the refineries 

are interrelated as can be seen from the interview and AHP findings. As such, a model 

that will adequately capture and explain their interrelationships in more detail is 

required to answer research question 3 (RQ3) - “How do the factors significantly 

interrelate and how can these be modelled?” Hence, the need to develop a causal loop 

model as justified in Section 3.3.3.1 to help unravel these phenomena.  

5.5  Chapter Conclusion 

This chapter presented the details of the process of data collection and analysis for this 

study. It demonstrated the application of a mixed methods approach to enquiry, which 

is combined through a case study involving all the NNPC refineries (PHRC, WRPC 

and KRPC) to obtain reliable data.  
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The analysis of both methods of enquiry presented in the chapter produced a 

synthesised pool of validated variables considered significant to the performance of the 

refineries. As such, it was determined that the political, economic, social, and technical 

(PEST) factors and their sub-factors are more significant than the environmental and 

legal factors with respect to the performance of the refineries. The findings from these 

analyses are consistent with the results from other analytical techniques applied to 

evaluate these data as shown by Iheukwumere et al. (2021a/2021b). 

 

Using these variables, a causal loop diagram will be developed in the subsequent 

chapter to represent their interrelationships in deriving sub-optimal performance across 

the refineries.  
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CHAPTER SIX: MODEL DEVELOPMENT AND VALIDATION 

6.1 Introduction  

In Chapter 5, the methods of data collection and analyses for this study were presented.  

That chapter utilised both the quantitative and qualitative methods to identify 

significant factors limiting the performance of NNPC refineries. This chapter (6) builds 

on the significance of these factors by producing realistic causal loop models to explain 

their interrelationships in the context of their influence on the poor performance of the 

refineries. The model will be validated by relevant experts within the industry and 

academia to reveal potential leverage points (PLP), where policy intervention can be 

applied to address the performance gaps and improve future practice within Nigeria’s 

oil refining industry.   

6.2 The Role of Models for Representing Relationships 

Bernard and Ryan (2010) suggest that there is a consensus that models are developed 

to enhance the understanding of the complexities of the real world. The objective of a 

model is to provide an idealised representation of a real-life construct as a means of 

providing an improvement in a system. Mitchell (1993) suggests that models are used 

in management sciences to provide structure and clarification for devising solutions to 

problems. Essentially, modelling in management sciences deals with the application of 

scientific methods to complex organisational problems with the aim of aiding decision 

making. Some management areas which have benefited from such modelling processes 

include environmental health decision-making (Currie et al., 2018), stakeholder 

engagement (Inam et al., 2015), production and operations management, as well as 

inventory and scheduling management (Sterman, 2010).  

 

While modelling, however, there are important guidelines that must be followed. 

Leonard and Beer (1994) recommend the selection of important features that can be 

replicated. This means the selection of features that can be evaluated through the mental 

models drawn from data collected via interviews and expert discussions. This approach 

reduces complications and ensures the development of concise models (Sherwood, 

2011).  

 

Ranganath (2008) and Sterman (2010) opine, however, that it is usually difficult to 

produce a perfect model, and as such, efforts must be made while modelling to replicate 
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the real-life scenario as closely as possible. This implies that models should be open for 

validation through testing, evaluation, and refinement. According to Sterman (2010), 

this is usually done with the participation of professionals who daily experience the 

issues in question. In other words, modelling processes that combine a participatory 

approach through data-gathering techniques arising from a quantitative and/or a 

qualitative method of enquiry are capable of producing more reliable results. 

 

Pidd (2009) and Leonard & Beer (1994) suggest that there are many approaches to 

systems-based modelling in management sciences. These include system dynamics, 

soft systems methodology, viable systems modelling, socio-technical systems and 

causal loop models. However, as established in Chapter 3 (Section 3.3.3.1), this study 

adopted the concept of causal loop diagrams to model the interrelationships of the 

factors affecting the NNPC refineries. For clarity, it should be noted that causal loop 

diagrams form the foundation to system dynamics modelling, which explores the 

dynamic interrelationships of the variables under study. While causal loop diagrams 

represent a model for causalities, they do not show dynamic changes amongst the 

variables in the system, which falls under the purview of system dynamics. As such, 

system dynamics modelling was not incorporated into this study. The reason for this is 

because system dynamics modelling would require real-time production data from the 

refineries to determine the impact of changes in systems variables on actual production 

(Sterman 2010). Unfortunately, given the time such exercises require for iterations, 

including the fact that the refineries had been on an extended lockdown due to an 

ongoing maintenance, this was not possible within the timeframe for this research. 

Hence, another approach was required.  

6.3 Model development 

In management sciences, models are typically used in combination with other analytical 

methods to solve complex problems (Mingers, 2004). Wilson (1990) opined that 

models are a means through which constructs requiring the understanding of the real 

world are developed.  

 

In developing the model for this study, some guidelines outlined by Kim (1992) were 

followed. This is as shown in Table 37. 
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Table 37: Guidelines for causal loop diagrams 

Guidelines Remarks 

Theme selection The selection of appropriate theme that will help the researcher articulate 

and communicate deeper insights into the issue under investigation is 

crucial. 

Time horizon Although time itself should not be included as part of the causal variables, 

it is important to highlight the effect of the variables as a consequence of 

time.  

Behaviour over time charts The diagram should, where possible, incorporate structures that would 

produce projected behaviour. 

Boundary issues It is important to recognise the boundary of the issue or problems being 

resolved.  

Level of aggregation The use of appropriate patterns to keep variable interactions simpler to 

avoid unnecessary clutter in the diagram is essential  

Signification delays It is important to identify the links (if any) that have significant delays to 

other variables.  

Source: Adapted from Kim (1992) 

 

Table 37 indicates that theme selection, time horizon, behaviour over time, boundary 

issues and level of aggregation were some of the important guidelines to consider, while 

drawing causal loop diagrams.  

 

The causal loop diagram representing the model for the refineries were developed using 

the synthesised causal factors from both the quantitative and qualitative methods of 

enquiry as shown in Table 36. The researcher facilitated the process with the initial 

construction based on the output of the research data and further obtained validation 

from selected senior experts from the refineries. This was done in an iterative manner 

via emails and chat forums going back and forth between the researcher and these 

experts to obtain inputs, suggestions, and final revisions to the model. This is because 

as noted earlier, most of the stakeholders worked from offsite locations as a result of 

the ongoing maintenance of the refineries. This approach has been judged equally 

effective as it ensures that the relevant inputs of key stakeholders with good 

understanding of the system behaviour have been captured in the model construction 

(Purwanto et al., 2019). 
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6.4 Boundary and Variable Types  

As noted by Sherwood (2011) and Sterman (2010), it is important to describe the 

boundary of a system as well as the kinds of variables involved within the context of 

their operationalisation. Accordingly, the boundary of the system in focus regarding the 

causal loop diagram in this study is the NNPC refineries as contained within the larger 

NNPC Group. Figure 38 represents this structure.   

 

 

 

 

 

 

 

Source: Author generated  

 

Figure 38 shows that the system in focus is the NNPC refineries. As such, the causal 

interdependencies of the variables driving the performance challenges in the refineries 

are treated in the context of their operationalisation within the refineries as a sub-system 

of the larger NNPC Group, which is, in turn, part of a larger system. 

In addition, using the factors identified from the data analyses (Sections 5.2 and 5.3), 

two classifications are rendered for the types of variables acting within the refinery 

system - endogenous (internal) and exogenous (external) variables.  

Endogenous variables are those variables (factors) that act within the NNPC refinery as 

a system with no significant external components, while exogenous variables are those 

factors that predominantly act on the refinery system externally. While endogenous 

variables may directly affect the performance of the refineries from within, exogenous 

variables operate as outside forces affecting the performance of the refinery system. 

Figure 39 shows the operationalisation of these factors.  

 

Figure 38: NNPC Refinery Boundary with the NNPC Group 
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   Exogenous variables 

Table 38 provides the full detail of these variables according to their mode of operations. 

 

Table 38: Overall endogenous and exogenous variables 

Endogenous variables Characteristics 

Management issues  

Collusion and sabotage 

Operating capital  

Maintenance issues 

Ageing refineries 

Equipment reliability  

Funding issues 

Procurement and logistics  

Crude oil/Feedstock supply 

Staff training 

Staff competence 

Safety issues 

Intervention time 

 

Factors which internally affect the operations of the 

refineries 

 

Exogenous Variables  

Cost of spare parts  

Political indecision  

Government interference 

Political will 

Illegal refining 

Security issues 

Pipeline vandalization 

Exchange rates  

Stakeholder involvements 

Factors which externally affect the operations of the 

refineries 

 

Source: Author 

 

Table 38 shows endogenous and exogenous variables for the model. It can be argued 

that the listed endogenous variables such as management issues, collusion and sabotage, 

operating capital, maintenance issues, ageing refineries, equipment reliability, funding 

issues, procurement and logistics, crude oil/feedstock supply, staff training, staff 

competence, safety issues, and intervention time all significantly fall under the control 

External variables acting 

on the NNPC refineries. 

E.g., Exchange rates, 

illegal refining, pipeline 

vandalism, spare parts 

cost etc. 

Variables internally affecting the performance of the 

NNPC refineries. E.g., maintenance issues, equipment 

reliability, operating costs, staff training etc 

 

Endogenous variables 

NNPC refinery system 

Figure 39: Endogenous and Exogenous variables on NNPC refinery system 
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and internal affairs of the refineries.  Whereas the listed exogenous variables such as 

cost of spare parts, political indecision, government interference, illegal refining, 

security issues, pipeline vandalism/attacks, exchange rates, and stakeholder 

involvements significantly operate externally with respect to the affairs of the refineries.    

Using the Vensim software, these variables are used to develop the initial causal loop 

model (Figure 40), which attempts to correctly depict how the challenges within the 

refineries operate. Sherwood (2011) opined that the correct development of such 

models is the first step for seeing leverage points for intervention in a system. For this 

reason, the initial causal loop model was validated by the refinery experts and the 

correct model representing causal interrelationships of the challenging factors across 

the NNPC refineries was used to inform a proposed model where policy interventions 

can be applied to address the performance gaps of the refineries.   
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Figure 40: Initial causal loop model showing the challenges of the NNPC refineries 
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Figure 40 shows the initial model which reveals the interrelationships of the significant 

political, economic, social, and technical (PEST) factors in four cluster segments. This 

is because the last two PESTEL factors - environmental and legal factors did not yield 

any significant factors to form clusters of their own in the model.  To understand the 

model, it is important to note that variables with issues appended to their names 

represent problem variables e.g., funding issues, security issues, management issues 

and accumulated maintenance issues can all be interpreted as funding problems, 

security problems etc. 

 

Navigating through the four cluster segments of the model, it can be observed that in 

segment 1 representing political factors, government interference is positively linked to 

three variables (intervention time, funding issues, and stakeholder involvements) and 

negatively linked to refinery management authority. This implies that more government 

interference leads to increased intervention time, funding issues, stakeholder 

involvements and reduces refinery management authority. A full explanation of the 

causal links is provided for the validated model in Section 6.5 for the avoidance of 

repetition.  

6.5 Model Validation  

Jackson et al. (2000) opined that model validation strengthens the support for models 

based on expert reviews and factual checks. Anderson et al. (2015) supports this 

argument by acknowledging that model validation implies its correctness and reliability 

for making accurate forecasts. It was considered essential, therefore, to validate this 

model with the input of the experts who are knowledgeable on how the identified 

challenges operationalise across the NNPC refineries. As such, the model was sent to 9 

experts across the refineries, with three experts polled from each of the refineries. This 

exercise was carried out to provide a conceptual validation of the model in order to 

determine whether the assumptions based on data analyses underlying the 

operationalisation of these factors were justifiable (Kerr and Goethel, 2014). The 

demography of the experts who validated this model is presented in Table 39. 
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Table 39: Demography of experts who validated the causal loop model. 

Participant Code Role Station Years of Experience 

PHC-1 Director PHRC 25 

PHC-2 Plant Manager PHRC 15 

PHC-4 Maintenance Supervisor PHRC 12 

WRP-1 Production Manager WRPC 17 

WRP-2 Plant Manager WRPC 15 

WRP-3 Materials Manager WRPC 12 

KRP-1 Plant Manager KRPC 18 

KRP-2 Technical Supervisor KRPC 11 

KRP-3 Maintenance Engineer KRPC 15 

 

Table 39 indicates that 3 professionals from each refinery (PHRC, WRPC and KRPC) 

from mid to senior level management participated in the review and validation of the 

model. A summary of the suggestions and revisions to the initial model, as a result of 

this expert review, is presented in Table 40.
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Table 40: Summary of expert model revisions 

Participant Code Relevant expert comments Changes effected 

PHC-1 While the other loops seem reasonable, the connection of profit margins in the 

model does not seem to reflect reality as the refineries do not independently 

control product sales but PPMC.  Also, check for the connection of more factors 

around management issues. For example, funding issues usually raises the 

perception of the problem in government’s view and thereby dampens the 

political will. This comes back to affect the refinery management. 

Profit margins has been removed from the 

validated model. A proper connection has been 

made from funding issues through problem 

perception and to political will connecting to 

management issues. Political indecision has 

been properly linked to management issues. 

PHC-2 I am impressed with the loops around the social issues, maintenance issues and 

so on. However, the model should be checked for more possible connections. I 

believe corruption contributes to more management issues as well as funding 

issues.  

A proper link has been established between 

corruption, management issues and funding 

issues.  

PHC-4 The maintenance loops seem rational regarding how the refineries eventually 

break down. I believe though that some form of maintenance could improve 

equipment reliability.  

Duffuaa and Ben-Daya, (2004) supports the 

argument that turnaround maintenance improves 

equipment reliability. This connection has been 

correctly established in the model with a positive 

link. 

WRP-1 The issue I have in the model is that I don’t think that increasing refinery 

management authority will necessarily lead to increased staff training. An 

overhaul of the operating philosophy of the refinery would be needed to achieve 

This section has been re-drawn to un-link 

refinery management authority from staff 

training and properly link management issues 

and funding issues to staff training. A change in 
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this. I also believe that staff training issues may be influenced by funding issues 

as well as management issues. 

operating philosophy will become a useful 

variable in the proposed model for policy 

intervention.   

WRP-2 Typically, procurement and logistics issues as it relates to supply chain can also 

increase intervention time when poorly managed. Also, check the connections 

around Profit margins. This doesn’t really sit well with our mode of operations.  

Profit margins have been removed from the 

revised model. Procurement and logistics have 

been linked to positively influence intervention 

time.  

WRP-3 Is exchange rate the only factor that may affect spare parts cost? The link 

between refinery management authority and staff training is not convincing. 

Check the model again for potential missing links.  

This link has been re-drawn to un-link refinery 

management authority from staff training. Also, 

demand for spare parts cost is believed to also 

affect cost and has been connected. 

KRP-1 I am happy with the maintenance loops. However, should the level of 

corruption not influence management issues and vice versa? 

A loop has been appropriately linked between 

management issues and corruption. 

KRP-2 I do not get the direct picture of how the refinery director’s authority may 

increase training. I understand that this can give the management the freedom 

to manage trainings. However, the connection is not quite clear.  

This link has been re-drawn to un-link refinery 

management authority from staff training as this 

is not an accurate reflection of reality. 

KRP-3 I believe that funding issues can affect management issues as well. The other 

loops appear logically connected based on causalities. However, the issue of 

profit margin is not quite relevant there. 

Profit margin has been removed from the model 

as it is not a major factor affecting performance. 

A proper link has been established between 

funding issues and management issues.  
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Table 40 shows the summary of relevant expert comments on the model which resulted 

in its revision.  A revised and improved model is presented in Figure 42 with the 

revision links in green. For example, three of the experts (PHC-1, WRP-2, KRP-3) 

noted that, while high operating costs may somehow compound funding issues, its 

impact on profit margins is not a direct performance driver on the refineries. This is due 

to the fact that the refineries do not govern their inputs and outputs but are rather 

supplied crude oil by PPMC and also return their products to PPMC for sale. The 

refineries, however, receive money for their operations through yearly allocations from 

the parent NNPC Group. In addition, some experts (KRP-2, WRP-1, WRP-3) noted that 

increasing refinery management’s authority will not necessarily increase staff training 

practices as a change in management philosophy would be required to achieve this. The 

professionals also pointed out that corruption contributes to management problems 

(issues) and as such, should have a link, which would produce another loop. Figure 42 

depicts the validated model showing the challenges of the NNPC refineries. 

 

It is important to note that this modelling exercise helped provide a clearer appreciation 

of how the significant factors interdependently drive poor performance within the 

refineries in terms of gaps in actual production capacity from the desired optimum 

capacity. As such, even some factors that were previously considered significant such 

as profit margins were later seen in a different context when the causal loop diagram 

was drawn.  
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Figure 41: Validated causal loop model for NNPC Refinery Challenges 
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6.6 Analysis of the initial validated causal model on challenges of the refineries 

The model as shown in Figure 41 was developed based on the results of the quantitative and 

qualitative data analysis (Sections 5.1 – 5.3) as well as inputs through validation from key 

stakeholders as of October 2021. The interrelationships can be seen in the significant four 

cluster segments representing political, technical, social, and economic factors enclosed in red 

(dashed line) bubbles. The effected changes as a result of the validation are depicted by the 

green arrows. Figure 42 shows the political sector segment of the model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In segment -1 representing political factors (Figure 42), it can be observed that government 

interference is a major driver positively linking intervention time, funding issues, multi-

stakeholder involvements, and negatively linking refinery management authority. This implies 

that more government interference leads to increased intervention time, funding issues and 

multi-stakeholder involvements, whilst diminishing the refinery management authority. In 

addition, part of the political segment shows that funding issues are connected in a reinforcing 

loop through problem perception (+), political will (-), negligence (-), and management issues 

(+). The sign notations on the links implies that the more funding problems experienced at the 

refineries, the higher the perception of the problem in government’s view, therefore the less 

the political will to fix the problem and the more the negligence of the issues, which compounds 

the problems for the refinery management. Corruption also increases both the funding issues 

and management issues through a lack of accountability, transparency and public diversion of 

funds meant to fix the refineries by the government. This segment of the model is connected to 

+ 

Figure 42: Political Factor Segment 
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the technical segment (Figure 43) through prolonged intervention time, which contributes 

towards accumulated maintenance issues.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In segment-2 representing technical factors (Figure 43), it can be seen that accumulated 

maintenance issues (as a variable) is both a major receiver and driver of other variables in the 

segment. The notations of the variables in this segment indicates that less equipment reliability 

due to increasing ageing of the refinery plants will lead to accumulated maintenance issues, 

just as more procurement issues, staff competence issues, and prolonged intervention time will 

do. Over time, the accumulated maintenance issues lead to plant breakdown. This plant 

breakdown, in turn, forces a reactive turnaround maintenance directed to fix the refineries. 

This is a recurring balancing loop which never fixes the plants as the turnaround maintenance 

actions have hardly been done since early 2000s (Ogbuigwe, 2018). The overall effect of this 

loop is the resultant widening of capacity gap through reduced actual capacity of the refineries. 

This segment of the model also connects the social segment (Figure 44) through gaps in 

production capacity as a departure from the desired optimum (target) capacity.  

 

Figure 43: Technical Factor Segment 
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In segment 3 representing social factors (Figure 44), it can be observed that pipeline attacks 

(vandalization) is positively linked by illegal refining, collusions & sabotage as well as 

communal grievances through security issues. In addition, pipeline attacks and pipeline 

ruptures are negatively linked to crude oil supply to the refineries. This simply implies that 

more illegal refining, security issues and collusion & sabotage lead to more pipeline attacks, 

which reduces available crude oil supply to the refineries. Pipeline attacks interacts with the 

next segment (economic factors – Figure 45) through the increment of operating costs of the 

refineries in the model.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 44: Social Factor Segment 

Figure 45: Economic Factors Segment 
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In segment 4 of the model representing economic factors (Figure 45), it can be seen that 

operating costs is positively linked to funding issues which is also positively inked by exchange 

rates. Exchange rates, in turn, is positively linked to cost of spare parts which is also positively 

linked by demand for spare parts. These notations and their connections imply that higher 

operating costs leads to more funding issues (problems) just as higher exchange rates do. High 

exchange rates also increase the cost of spare parts just as demand for spare parts do.  

 

The interrelationships amongst these segments reveal crucial linkages which inform potential 

leverage points for policy interventions.  

 

6.7 Finding leverage points for policy intervention  

 

Senge (1990) defines leverage points in a system as places in the structure of the system where 

a solution can be applied as a shift or change in the structure to bring about enduring significant 

improvements in the behaviour of the system. As such, Meadows (1999) identified 12 places 

to intervene in a system as points of leverage to improve its performance. However, Roxas et 

al. (2019) carried out an extensive study on systems thinking literature employing causal loop 

diagrams as tools for policy intervention to synthesise Meadow’s (1999) 12 points of 

intervention into three categories, namely: weakest leverage, medium leverage, and strongest 

leverage as shown in Table 41. 
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Table 41: Categorized Meadows’ Twelve Points of Leverage. 

Proposed potential leverage points (PLP) criteria Leverage points (in increasing order of effectiveness) Categories 

Common cause to multiple effects that can accelerate 

or decelerate the operation of a system 

12—constants, parameters, numbers 

Weakest leverage 

(Physical leverage points) 

11—sizes of buffers and other stabilizing stocks, relative to their 

flows 

10—structure of material stocks and flows 

09—lengths of delays, relative to the rate of system change 

Can be influenced by an intervener 

08—strength of negative feedback loops, relative to the impacts they 

are trying to correct against 

Medium leverage 

(Information and controls as leverage) 
07—gain around driving positive feedback loops 

06—structure of information flows 

05—rules of the system 

Root cause characterized by being independent (i.e., 

cannot cite further causes) 

04—power to add, change, evolve, or self-organize system structure 

Strongest leverage 

(Ideas as lev erage) 

03—goals of the system 

02—mindset or paradigm out of which the system—its goals, 

structure, rules, delays, parameters—arises 

01—power to transcend paradigms 

 

Source: Roxas et al. (2019) 

 

 

 

Accordingly, Roxas et al. (2019) used this framework to propose three set of characteristics that will aid the identification of potential leverage 

points (PLP) in a system that satisfies Meadow’s 12 points of leverage.  These characteristics include: 
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1. Common cause to multiple effects that can accelerate or decelerate the operation 

of a system: This is where a variable in a causal loop diagram (CLD) results in 

the greatest number of effects and thereby drives the CLD. This implies a point 

in the system where a small shift can result in big changes in the system.  

2. Can be influenced by an intervener: This is a point in the system where an 

intervening variable can be allowed to make significant improvements in the 

system.  

3. Root cause characterised by being independent i.e., cannot cite further causes. 

This is a point in the system where a variable generates significant and 

irreversible changes when thresholds have been reached. 

 

Looking for these characteristics across the validated CLD (Figure 42) which shows 

the challenges of the refineries, policy intervention points can be observed across 

government interference (within political factors) as a major driver of several variables 

(first characteristic), accumulated maintenance issues as a major driver and receiver of 

influence from several variables (first and second characteristics), and  pipeline attacks, 

collusion & sabotage, as well as security issues as the root causes driving shortage of 

crude oil to the refineries (third characteristic). 

 

Making policy interventions across these linkages will significantly change the 

structure and behaviour of the system to obtain the desirable behaviour targeted at 

addressing the performance gaps of the refineries (Meadows, 1999 and Sterman, 2010).   

 

Figure 46 shows the proposed CLD, which this research provides the basis for 

addressing the performance gaps of the refineries through the recommended policy 

interventions.
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Figure 46: Validated Recommended Model for Improved Performance of NNPC Refineries 



186 
 

The proposed model as shown in Figure 46 was re-sent to the industry professionals for 

validation. The industry experts considered the revised model to be reasonably logical 

to help address the problems of the refineries, whilst noting that it is also possible the 

model could be drawn in other ways to produce similar results.  

 

A detailed examination of Figure 46 reveals that the initial PESTEL model has been 

collapsed into three sub-divided segments (1-3) with dotted red lines. These segments 

represent the proposed policy interventions capable of addressing the systemic issues 

across the refineries. Specifically, these proposed policy interventions are named 

management efficiency, stakeholder satisfaction, and maintenance best practices to 

reflect the overarching goals of the emergent sub-systems.  

 

In addition, the model shows several feedback loops acting within the system to drive 

incremental gains that contribute towards closing the performance gap of the system. 

Table 42 shows the various loops (from the Vensim software) acting within the 

segments to achieve this improvement.  

 

Table 42: Identified feedback loops on the proposed model 
 

 
Loops for Stakeholder Satisfaction 
Loop Number 1 of length 3 
  Petroleum Industry Act - Host 
Communities 
       Pipeline attacks 
       Crude oil/Feedstock supply 
       Benefits of PIA to communities 
Loop Number 2 of length 4 
  Petroleum Industry Act - Host 
Communities 
       Security issues 
       Pipeline attacks 
       Crude oil/Feedstock supply 
       Benefits of PIA to communities 
Loop Number 3 of length 4 
  Petroleum Industry Act - Host 
Communities 
       Illegal refining 
       Pipeline attacks 
       Crude oil/Feedstock supply 
       Benefits of PIA to communities 
Loop Number 4 of length 4 
  Petroleum Industry Act - Host 
Communities 

 
Loops for Maintenance Best Practices. 
Loop Number 1 of length 4 
  Change in operating philosophy 
       Routine maintenance 
       Equipment reliability 
       Actual capacity 
       Net income 
Loop Number 2 of length 4 
  Change in operating philosophy 
       Corrective maintenance 
       Equipment reliability 
       Actual capacity 
       Net income 
Loop Number 3 of length 5 
  Change in operating philosophy 
       Staff training & reorientation 
       Turnaround maintenance 
       Equipment reliability 
       Actual capacity 
       Net income 
Loop Number 4 of length 5 
  Change in operating philosophy 
       Staff training & reorientation 
       Routine maintenance 
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       Collusion and sabotage 
       Pipeline attacks 
       Crude oil/Feedstock supply 
       Benefits of PIA to communities 
Loop Number 5 of length 5 
  Petroleum Industry Act - Host 
Communities 
       Security issues 
       Illegal refining 
       Pipeline attacks 
       Crude oil/Feedstock supply 
       Benefits of PIA to communities 
Loop Number 6 of length 5 
  Petroleum Industry Act - Host 
Communities 
       Collusion and sabotage 
       Security issues 
       Pipeline attacks 
       Crude oil/Feedstock supply 
       Benefits of PIA to communities 
Loop Number 7 of length 6 
  Petroleum Industry Act - Host 
Communities 
       Collusion and sabotage 
       Security issues 
       Illegal refining 
       Pipeline attacks 
       Crude oil/Feedstock supply 
       Benefits of PIA to communities 

       Equipment reliability 
       Actual capacity 
       Net income 
 
Loops for Management Efficiency  
 
Loop Number 1 of length 4 
  Management issues 
       Trusted relationships 
       Technical partnership 
       Accountability 
       Corruption 

Source: Output form Vensim Model  

 

Table 42 indicates that 7 reinforcing loops can be found within the stakeholder 

satisfaction cluster, 4 reinforcing loops within the cluster of maintenance best practices 

and 1 reinforcing loop within the cluster of management efficiency.  

6.8 Segment analysis and policy framework 

To provide a more detailed analysis of the clusters, it is important to break the segments 

once again into separate clusters.  
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Across segment -1 representing management efficiency, it can be seen that this theme 

is proposed to be pursued through full deregulation and private sector partnership to 

overcome the influence of government control and over-regulation in the system 

(Graham, 2020).  This variable is positively linked to accountability as the more the 

involvement of private sector participation in the operations of the refineries, the more 

the demand for accountability, hence the less corruption experienced in the 

organisation. Less corruption also leads to less management issues. This, in turn, would 

lead to more trusted relationships across the organisation (+). It is important to note that 

this is a reinforcing loop (R3) which further strengthens the technical partnership with 

the private sector (+). This segment interlinks with the second segment (maintenance 

best practices) through staff training & re-orientation and change in operating 

philosophy informed by technical partnership with the private sector.   

 

 

 

 

 

 

 

 

 

 

 

Figure 47: Model Segment for Management Efficiency 
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In Segment 2, which deals with maintenance best practices, it can be observed that the 

main reinforcing loop represented by the pink lines (R1) is driven by change in 

operating philosophy across the refineries. This change positively drives staff training 

and re-reorientation in the sector. Such new orientation and training will encourage the 

implementation of the necessary maintenance culture through the adoption of routine 

preventative and scheduled turnaround maintenance. These practices will, in turn, 

improve equipment reliability and eliminate accumulated maintenance issues which 

causes regular plant breakdowns (in previous model). Systemically, this strategy will 

potentially drive the increment of the actual production of the refineries, which will 

increase the organisational income and thereby re-enforce the operating philosophy 

through continuous improvements.  Altogether, these interdependencies will contribute 

towards closing the gap between actual capacity and desired optimum capacity. 

 

 

 

 

 

 

 

Figure 48: Model Segment for Maintenance best practices 
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Figure 49 shows the segment representing stakeholder satisfaction. For this cluster, the 

introduction of the new Petroleum Industry Act (PIA) signed in August 2021, is 

believed to be capable of acting as a major policy shift to address the social issues. The 

detailed implications of this policy shift are presented in Chapter 7 (Discussions).   The 

links in this cluster, however, show that the PIA will reduce security issues, pipeline 

attacks, as well as collusion and sabotage within the communities. This section of the 

model has 7 reinforcing loops (presented in Table 42) within the longest loop (R2, 

Figure 49), all acting towards closing the supply gap of crude oil to the refineries.  

 

As such, it implies that, out of the four significant PESTEL factors affecting the 

refineries (PEST), the leverage for addressing the performance gaps lies within the 

political, social, and technical factors. Economic factors present little leverage as such 

factors as exchange rates and cost of spare parts lie outside the control of the refineries. 

However, operating cost can be reduced through policies applied at the social, political, 

and technical (SPT) segments (Figure 46 and 50). Figure 50 shows the proposed policy 

intervention framework for addressing these performance gaps. 

 

 

 

 

Figure 49: Model segment for Stakeholder Satisfaction 
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Source: Author generated 

 

Figure 50 shows that there are three segments comprising political, social, and technical 

(PST) factors at which policy interventions can be applied to potentially close the 

performance gaps of the NNPC refineries. These policy interventions are grouped into 

three levels, namely:  

• recommended actions which comprise full deregulation and partnership with 

the private sector at the political segment 

• successful PIA implementation at the social segment and  

• change in operating philosophy at the technical segment.  

 

This level give rise to the resulting policies (2nd level) within each PST segment, which 

altogether contributes towards an overarching goal (3rd level) of closing the 

performance gaps of the refineries. As such, management efficiency can be pursued 

through full deregulation and private sector partnership as a political approach to fix 

the governance issues of the refineries. Stakeholder satisfaction can be achieved 

through the successful implementation of the PIA as a social approach to resolve the 

social issues within and around the operating environment of the refineries. While 

Figure 50: Proposed Policy Intervention Framework for addressing the NNPC refinery challenges 
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maintenance best practices can be pursued through a change in operating philosophy as 

a technical approach to fix the maintenance culture of the refineries.  

 

It is important to note that this framework emphasises intervention measures and as 

such, is not typical of standard policy frameworks, which incorporates standard 

definitions, development/deployment guide, and review processes (Damianou, 2002). 

Accordingly, each of these approaches, if carefully implemented would systemically 

close the performance gaps of the refineries over time through marginal incremental 

gains i.e., small increments across all segments which aggregates over time to larger 

gains. 

 

It addition, it can be noted that the three underpinning philosophies for the proposed 

policy intervention are more aligned with soft systems methodology than hard systems 

(see Section 3.4). This is because a soft systems methodology acknowledges that 

systemic problems are diffuse and less clearly defined with approximate solutions 

capable of dealing with its challenges, while a hard systems approach assumes that the 

problems are well defined and have a single scientific, optimum solution (Checkland, 

1981 and Hasan, 2011). This implies that changing the operating philosophy of the 

refineries, rolling back regulations in the downstream sector to allow private sector 

participation in the refinery management, and implementing a meaningful engagement 

of all relevant stakeholders represent new ways of approaching the problems of the 

refineries with a view of making incremental gains over time towards their optimum 

performance.   

6.9 Chapter Conclusion 

 

This chapter presented the three stages of model development for this study. It described 

the steps for the development of the initial model (Figure 40), which was validated to 

produce a more accurate model representing the problems of the refineries (Figure 41). 

The validated model was then used to inform a policy intervention model (Figure 46) 

proposed to address the performance gaps across the refineries. Hence, the proposed 

policy intervention model provided the basis for developing the policy framework to 

address the issues.   

 

The policy framework showed that the leverage points for addressing the refinery issues 

laid mainly within the political, social, and technical issues affecting their performance.  
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Consequently, it proposed three main approaches to address the issues through 

management efficiency, maintenance best practices, and stakeholder satisfaction. It 

argued that a coherent implement of these approaches would close the performance 

gaps of the refineries. 

 

The next chapter (Chapter 7) will provide more details on how these interventions can 

potentially lift the performance of the refineries.  
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CHAPTER SEVEN: DISCUSSIONS  
 

7.1 Introduction 

 

The aim of this study was to explore the challenges of the Nigerian crude oil refining 

industry with a view of understanding the causal interrelationships of the factors that 

affect their performance. In addition, the research aims to develop a causal loop model 

that will provide the basis for a policy intervention framework for the Nigerian 

government for addressing the challenges of the refineries. As the preceding chapter 

has demonstrated how the causal loop model (developed through quantitative and 

qualitative data collection and analytical techniques) informed the development of the 

policy intervention framework, this chapter presents a detailed discussion of the 

framework including the policies that underpin its purpose.  

7.2 Policy Analysis 

 

Haynes et al. (2020) observed that policymakers can derive substantial applied value 

from systems thinking which can help them re-conceptualise the problem and its 

contexts. Cairney (2021) suggests that systems thinking diagrams such as Causal Loop 

Diagrams (CLDs) can provide a platform to identify points in a system where 

interventions can be made to rethink its cause and effect. Geyer (2012), however, notes 

that while making policies based on systems thinking, it is important to avoid single-

shot policies that tend to adopt a one-size-fits-all approach to solving complex 

problems. The causal loop model developed in Chapter 6 of this study shows the various 

interdependencies of the factors that drive sub-optimal performance across the NNPC 

refineries. In the proposed model that addresses the issues with the refineries, three 

identified leverage points were used to inform a policy framework to close the 

performance gaps of the refineries.  

 

The underpinning philosophy behind this policy framework is discussed in the 

following sections. 

 7.2.1 Segment 1 - Management efficiency 

In segment -1 of the model, management efficiency is pursued through full deregulation 

and private sector partnership with the refineries. It can be seen that government 

interference in the initially validated model (Figure 41) has been replaced with full 
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deregulation and private sector partnership with the refineries. Full deregulation was 

considered a necessary condition to achieve any form of partnership with the private 

sector as the Nigerian government currently operates a partially deregulated petroleum 

policy, which regulates the pump price of petrol and kerosene, excluding that of diesel 

(Olujobi, 2021). Nkogbu and Okorodudu (2015) argued that full deregulation would 

provide the necessary incentive for private sector participation in Nigeria’s downstream 

petroleum sector by allowing market forces to determine commodity prices. 

Unfortunately, private sector participation in Nigeria’s downstream sector has remained 

unimpressively low due to high regulation by the government (Section 2.4). According 

to Olujobi (2020/2021), the main barriers for full deregulation of the Nigerian 

downstream sector include corruption, bad governance, and inefficient government 

regulators to enforce the legal framework. 

 

Technically, deregulation implies the removal of government control on petroleum 

firms through the de-monopolisation of oil trade within the industry to encourage 

effective competition and profitable development of the sector (Olujobi, 2021; and 

Nkogbu and Okorodudu, 2015). Baghebo et al. (2015) also notes that deregulation 

provides a pathway for private sector investment in a sector by freeing government 

involvements through easing the numerous rules regulating the free market, which will 

allow prices to be determined by market forces. Although it has been argued that 

deregulation might lead to less government oversight with associated fraudulent 

activities resulting to poor service delivery (Goetz and Vowles, 2009).  However, 

Olawore (2012) opines that full deregulation of the downstream petroleum sector in 

Nigeria will allow private investor participation to transform the sector by promoting 

transparency through fuel availability, employment opportunities, and better economic 

growth resulting to increased revenue for the government. These studies provide some 

evidence for proposing full deregulation as a pre-condition for private sector 

partnership. 

 

The importance of private sector partnership for the refineries is related to the 

significance of government interference gleaned from the research findings as a major 

barrier to efficiency through independent control and timely decision making across the 

refineries (Sections 5.2 and 5.3). This policy change is supported by literature findings 

suggesting that private sector partnership with state-owned firms improves efficiency 
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and performance, raises quality of management, and lessens public sector influence 

across organisations (Graham, 2011/2020 and Potter, 2015).  

 

It should be noted that private sector partnership represents a level of privatisation. The 

Organisation for Economic Cooperation and Development (OECD) (2018) notes that 

privatisation involves the full or partial divestment of government incorporated assets. 

This implies that privatisation of state-owned enterprises (SOEs) can be full or partial. 

In their assessment of privatisation for state infrastructure, Deloitte (2018) reported that 

there appears to be a continuous spectrum of models of privatisation with state 

ownership at one end, privately owned at the other end, and with private sector 

participation in the middle. As such, Graham (2020) identifies three popular types of 

privatisations along this spectrum – Initial public offerings (IPOs), Public-Private 

Partnerships (PPPs) and Freehold sale to a single or consortium of investors. While the 

initial public offering and the PPP models embrace elements of shared ownership 

between the state and the private sector, the freehold sale depicts a full transfer of 

ownership to the private sector. 

 

Le Grand and Robinson (2018) opined that privatisation essentially involves the 

reduction of state involvements in three areas: provision, subsidy, and regulation. The 

current structure of the NNPC refineries uses subsidy and regulation to provide cheaper 

petroleum products for the Nigerian population. Unfortunately, this practice has been 

fraught with corruption and has become unsustainable over the years (Section 2.4.2 and 

2.5.4) (Akinola, 2018). According to Le Grand and Robinson (2018), the most popular 

form of privatisation is the replacement of the state by the market, where the service 

will be undertaken by profit-maximizing businesses operating in a competitive 

unregulated environment.  

 

However, there has been legitimate concerns that privatising state-owned entities may 

lead to organisations prioritizing profits over crucial social services and as such may 

not be suitable for certain public sectors such as healthcare and water distribution 

(Lethbridge, 2016). On the contrary, privatisation has been shown to work effectively 

for the oil and gas sector across Europe, North America, and Asia (Kaznacheev, 2016). 

Even across Africa, especially in Nigeria, the most successful organisations particularly 

in the oil and energy sector are run by the privately incorporated International Oil 

companies (IOCs), usually in partnership with the national government (Abdul-
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Rahamoh et al., 2013).  In addition, most of the best global performing refineries 

according to Solomon Associates, an industry assessor, are run by the private sector 

(Solomon Associates, 2020). Even some refineries, such as Sinopec, where state-

ownership comprise a significant portion of its shareholding are usually operated in 

partnership with private organisations (Palmer, 2019).   

 

The benefits of introducing privatisation into state-owned enterprises have been 

severally highlighted. According to a study carried out by the OECD (2018) across 25 

European countries from 2008 to 2017 over the impact of privatisation of state-owned 

enterprises on performance, the result showed that privatisation is increasingly 

becoming popular amongst the EU countries and has resulted to a growth in revenue 

from $110bn in 2008 to $266bn in 2016. In addition, Potter (2015) noted that the 

incentive for profits encourages private-run organisations to introduce new 

technologies that increase productivity. NNPC refineries would benefit from such 

technological innovation as most equipment in the facilities have become outdated and 

require urgent upgrade to meet current industry standards (Eti et al., 2006; and 

Ogbuigwe, 2018).  

 

The decision to privatise state-owned assets such as refineries must, however, be 

governed by justifiable rationales to be successful. The OECD (2018) suggests that in 

emerging economies where the rationales for state ownership of enterprises are more 

broadly defined, especially for the provision of public services, the failure of such 

enterprises to comply with such objectives would ideally make them eligible candidates 

for privatisation. The NNPC refineries clearly fall into this category of state-owned 

assets with a history of repeated failure to supply much needed public products 

(Sections 2.1 to 2.3), thereby necessitating their privatisation.  

 

Chaouk et al. (2019), OECD (2018) and Potter (2015) all acknowledge that the choice 

of a privatisation model for state-owned assets must, however, be tailored to the socio-

political needs of the nation. While the Nigerian petroleum sector generally operates 

with forms of Joint Venture partnerships between the government and the International 

Oil Companies at the upstream sector (see Section 2.1), the downstream sector has little 

to no record of partnerships with the private sector as the facilities in this sector such as 

the refineries and their product pipelines are owned by the NNPC. Given the poor 

performance of the downstream sector compared to the upstream sector, it can be 
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argued that the downstream sector will benefit from the expertise of the private 

organisations that run similar services elsewhere. This is an approach that could 

potentially improve the chances of better service delivery from the sector to satisfy the 

general Nigerian public.  

 

According to Le Grand and Robinson (2018), a simple recommendation of 

privatisation, whereby the state is replaced by the private sector is hardly sufficient, as 

it is necessary to specify the kind of state involvement to be replaced alongside the kind 

of private sector participation to be involved. The popular model of privatisation for the 

NNPC refineries suggested by the NNPC GMD in 2021 was referred to as the NLNG 

model. In this model, the federal government co-owns the Nigerian Liquefied Natural 

Gas (NLNG) company with a minority stake alongside a consortium of other IOCs with 

the expertise to run and manage the company (George, 2021). The fact that this model 

has effectively worked for the NLNG for more than three decades in Nigeria appears to 

provide some evidence that it can equally be suitable for the refineries. This model, 

which represents a partnership with an experienced private sector is the recommended 

model from this study as supported by the model in Figure 46 (Section 6.7). The 

implementation of this model will provide an opportunity for the government to not 

only be partly involved in the refining business but also ensure that abuses from the 

private sector are checkmated for the interest of the public.  

7.2.2 Segment 2 - Maintenance Best practices 

 

In segment 2, maintenance best practices is proposed to drive operational efficiency 

across the refineries through the implementation of processes that prioritize routine 

preventative maintenance alongside scheduled turnaround maintenance programs over 

a reactive maintenance culture. As evidenced by the results of this study, this approach 

can be driven by a change in the operating philosophy across the refineries brought 

about by a change in management strategy led by a profit-oriented private sector (see 

Section 6.7). 

 

To sustain this practice, it would be essential for the NNPC refineries to incorporate 

international benchmarking standards to measure and monitor their performance 

against peer group refineries. A good example of such standard is the Solomons 

Associates, which provide regular performance assessments of oil refineries across a 
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wide range of criteria such as reliability, margin generation, safety, operating expense 

control, and utilisation maximisation (Solomon Associates, 2020). These assessments 

are provided through a data-driven process that recommends improvement strategies 

based on their outcomes. 

 

One of the key drivers of success in this segment would be a change in the operating 

philosophy for the refineries as revealed by the research findings (Section 6.5). Ideally, 

setting a business philosophy requires senior management commitment to identify and 

set important goals of the business. A business philosophy refers to an organisation’s 

goals and purposes, including its moral obligations (Drucker, 2012). This implies how 

an organisation operates with respect to its values, belief systems and how they organise 

to achieve their goals. As such, it is the guiding statement and watchword of the 

organisation that determines the direction and behaviour of its employees. An 

organisational philosophy that values hitch-free operations with uninterrupted 

equipment breakdowns would also prioritise the effective training and development of 

competent manpower to support those vital operations.  

 

It should be noted that the implementation of the optimum maintenance culture across 

the NNPC refineries will systemically reduce or eliminate disruptive breakdowns and 

lower the operating losses incurred through extended downtimes (Abbasinejad et al., 

2021). This will contribute towards closing the performance gaps as production 

capacity rises to meet desired targets as demonstrated in the model of this study (Figure 

46). To achieve this, it would be necessary for the planned turnaround maintenance 

(which as of October 2021 is still underway) to be completed. It is important to note 

that this exercise provides a timely opportunity for NNPC to revitalise the refineries 

using current technologies that will reduce operational and product emissions, hence 

lowering the environmental footprint of the refineries. This will provide greater 

advantage for the refineries in finding responsible international operators with 

experience for partnership with a new management strategy. 

7.2.3 Segment 3 - Stakeholder satisfaction 

In segment -3 of the model (Figure 46), involving stakeholder satisfaction, it can be 

observed that the introduction of a major policy shift that incorporates community 

engagement and stakeholder buy-in will reduce tensions and agitations leading to 

sabotage that ultimately result in damages of oil installations. The Host Communities 
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Section of the Petroleum Industry Act (PIA HC) signed by the Nigerian president in 

August 2021 is expected to help address this issue.  

 

The aim of the Host Communities section of the PIA (PIA HC) is to foster sustainable 

prosperity, peace and good relations between oil licensees and lessees (settlor) and the 

communities. To achieve this, the PIA is to establish the Host Communities 

Development Trust aimed at benefitting the host communities of oil operations. The 

trust is to be funded by the settlor with 3% of their actual annual operating expenditure 

in the preceding year. The Act stipulates that where hostilities occur within any of the 

communities in any year resulting to damages to oil facilities such as pipelines, the host 

community shall forfeit its entitlement for that year to the tune amounting to the cost of 

repair of such damages to the oil facility. This provision, by implication, places a huge 

responsibility on the host communities to be more accountable in policing and 

protecting oil facilities resident in their communities. This development appears to be 

well thought-out and is expected to reduce the incentive for the local beneficiaries of 

the trust from damaging the infrastructure that guarantees the continuity of these 

benefits. Osobajo and Moore (2017) showed that activity links, resources ties, mutual 

benefits, communication, and mutual goals are some of the conditions that enhance 

relationship quality between businesses and their host communities. As such, the 

successful implementation of the PIA HC can be argued to possess the capacity to offer 

significant opportunities for community engagement and empowerment to ensure 

stakeholder satisfaction. This will help fix the incidences of pipeline attacks, and 

communal grievances within the host communities.  

 

Essentially, the significant factors driving the performance challenges of the NNPC 

refineries identified by this study were used to develop a causal loop model which 

showed their interrelationships. As can be seen from the model (Figure 41, Section 6.5), 

most of the challenging factors stem from the Political, Economic, Social and Technical 

issues. While most of the identified Environmental and Legal factors did not influence 

the performance of the refineries as much. The leverage, however, rests much within 

the political, social, and technical factors as the economic factor did not present 

sufficient opportunities for leverage regarding policy intervention.   

 

The recently passed Petroleum Industry Act (PIA), on one hand, possesses a significant 

policy impact through stakeholder satisfaction to address most of the social issues 
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relating to communal tensions and infrastructure vandalization. On the other hand, the 

failure of the PIA to incorporate strategies for the involvement of the private sector in 

the management of the refineries may be counterproductive towards their management 

efficiency. This is because the signed PIA still confers total ownership of the refineries 

on the federal government by only creating a new authority (Nigerian Midstream and 

Downstream Petroleum Regulatory Authority – NMDPRA) to replace the existing DPR 

for regulating the midstream and downstream sector (Ernst & Young, 2021).  However, 

it is too early to speculate the outcome which this regulatory authority would have on 

the management of the refineries. The lack of a clear strategy in the PIA for private 

sector involvement for the management of the refineries presents a missed opportunity 

for technological innovation and management expertise required to drive an efficient 

management system in the industry. It would, therefore, be essential for the Nigerian 

government to rethink a management strategy for the refineries that is open to private 

sector participation.  

7.3 Chapter Conclusion 

 

This chapter details the three approaches based on the findings of this research study to 

address the NNPC refinery problems. It builds an argument through literature to support 

its findings that for the refineries to achieve efficiency in management, a private sector 

led partnership with experienced and competent partners will be essential for the 

refineries. It also recommends that the complete deregulation of the downstream 

petroleum sector in Nigeria will be crucial to allow such partnership to thrive as the 

need to compete in a free-market environment will be a necessity for the survival of the 

organisation. 

 

In addition, it developed the point to support the finding that a coherent and successful 

implementation of the recently passed Petroleum Industry Act (PIA) will address the 

social issues resulting to recurring attacks on oil facilities in the Niger Delta. This 

proposition is based on the argument that the implementation of the provisions of this 

Act will satisfy the community stakeholders and quell agitations that lead to 

vandalization of oil facilities.  

 

Lastly, it found that to achieve maintenance best practices, a change in operating 

philosophy of the refineries will be needed to address the poor maintenance culture 
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inherent in the organisation. This change in operating philosophy can be driven by the 

experienced private sector the organisation chooses to partner with.   

 

The next chapter concludes the entire research, providing its contribution to knowledge 

as well as a personal reflection on this research journey.  
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CHAPTER EIGHT: CONCLUSIONS AND RECOMMENDATIONS 

8.1 Introduction  

 

This research has presented an appraisal of the performance challenges facing the 

NNPC refineries under six identified categories covering political, economic, social, 

technical, environmental, and legal (PESTEL) factors. It assessed the previous efforts 

made by the Nigerian government to address these issues and identified gaps in 

previous research in this area. It used a systems thinking framework to show causal 

interrelationships amongst the identified factors.  As a result, it identified leverage 

points in the model for policy intervention to close the performance gaps in the 

refineries.  

 

This chapter focuses on the conclusions, and recommendations of this study as well as 

future research potentials arising from the implications of the study. To achieve these, 

the chapter will recapitulate the research aims and objectives of the study and itemize 

how these have been met.  The contributions of this research to knowledge, including 

its limitations shall also be reiterated.  

8.2 Recapitulation of research aims and objectives 

 

This research was inspired by the researcher’s quest to understand why the performance 

of Nigerian refineries has remained unimpressively low for years despite the market 

opportunities that exist to provide incentive to address the issues.  The study discovered 

that while there were studies that have identified several challenges militating against 

the performance of the refineries, there was none offering a systemic view of the issues. 

As such, it adopted a systems thinking approach to understudy the interrelationships 

amongst the significant factors driving the performance of the refineries. This was done 

with a view of identifying potential policy intervention measures to address the issues. 

Hence, it is expected that the outcome of this research will satisfy the aims and 

objectives it was set out to achieve.  

 

Accordingly, the research aims of this study were to: 

1. To explore the challenges of the Nigerian refining industry with a view of 

understanding the causal interrelationships of the factors that affect its performance. 

2. To develop a model that will provide the basis for a policy intervention framework 

to guide Nigerian policymakers for addressing the challenges of the refineries.  
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In the course of this research project, these aims were pursued through the following 

objectives (see Section 1.3): 

 

1. The first objective was to critically review and evaluate the measures 

undertaken by the Nigerian government in addressing the problems of the 

refining sector. 

2.  The second objective was to establish and evaluate the significant factors 

across the political, economic, social, technical, environmental, and legal 

(PESTEL) issues that contribute to inefficiency in the refining sector.  

3. The third objective of the study was to develop and validate a model to 

enhance the understanding of systemic interrelationships of the significant 

factors affecting the refineries’ performance. 

4. While the fourth objective was to use this model to inform a policy 

intervention framework for addressing the refinery challenges. 

8.2.1 Research Objective One 

 

The efforts of the Nigerian government to remedy the productivity problems of the 

refineries were assessed by this study (Section 2.5). Based on the findings from the 

literature, source documents and government papers five initiatives have been 

undertaken by the government at different times from 2002 to 2017 to address the 

productivity issues of the refineries. These include:  

 

1. The commencement of issuance of licenses in 2002 to private organisations to 

construct refineries in Nigeria. 

2. Awards of contracts for the refurbishment of existing refineries in Nigeria in 

2003. 

3. Attempted sale or divestment of the NNPC refineries to private organisations in 

2007. 

4. The attempted removal of petroleum subsidy in Nigeria in 2011. 

5. The introduction of the 7 big wins by the Federal Government in 2015 as well 

as the enactment of the National Petroleum Policy (NPP) in 2017. 

 

Unfortunately, none of these initiatives have yielded any reliable results as the low 

productivity issues experienced across the refineries have persisted. A review of 

literature on the failure of these initiatives suggested a number of reasons for their 
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ineffectiveness. These include unstructured refinery licensing scheme, poor or non-

existent vetting systems for refinery licensees, corruption-ridden contract awards that 

were either shabbily carried out or were not performed, lack of trust from the public 

sector over the sale of the refineries, public aversion over petroleum subsidy removal, 

and long delays in the passage of the Petroleum Industry Act (Nkaginieme, 2005; DPR, 

2017; PWC, 2017; Akinola, 2018; and Iheukwumere et al., 2020).   

 

Research objective one was useful for understanding the previous government efforts 

and their barriers for achieving reliable solutions for the problems of the refineries. 

8.2.2 Research Objective Two 

 

The second research objective was explored through literature search to understand the 

various factors that drive sub-optimal performance across the refineries (Section 2.4). 

Using a framework of political, economic, social, technical, environmental, and legal 

(PESTEL) issues to categorise the factors, a list of 29 factors influencing the low 

productivity of the refineries were summarised in Table 10 (Section 2.4). These factors 

were used to produce the survey questionnaire for quantitative data collection from the 

refinery workers. This was carried out to test the significance and validity of the factors 

which were gleaned from multiple literature sources. A quantitative analysis using the 

AHP was adopted to rank these factors according to their significance in driving the 

performance challenges on the refineries (Section 5.2).  

 

Research objective two showed that the significant factors that drive the performance 

of the refineries ultimately rest within the political, economic, social, and technical 

(PEST) issues as the environmental and legal factors did not produce much significance 

regarding the performance of the refineries. This objective was relevant for identifying 

the main factors that would be useful for modelling the behaviour of the refinery 

system.     

8.2.3 Research Objective Three 

 

Research objective three was focused on developing a validated model based on causal 

loop diagrams to enhance the understanding of systemic interrelationships of the issues 

that drive poor performance across the refineries. The analytical hierarchy process 

(AHP) method was used as a framework to derive a prioritised set of factors that were 
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validated though a qualitative method to create the causal loop model based on a 

systems thinking approach (Sections 4.7.1 to 4.8 and Sections 6.2 to 6.7).  

 

The validation of the causal loop model was done by 9 experts comprising 3 mid-level 

to senior officials from each of the refineries (PHRC, WRPC, and KRPC). The 

validated model (Figure 41, Section 6.5) provided a platform for seeing the whole 

complexities of the interrelationships amongst the causal factors and was useful for 

revealing potential leverage points for policy intervention.  Following this, a proposed 

model containing applied interventions observed across the political, social, and 

technical (PST) segments of the model to reverse the declining performance of the 

refineries was developed and validated (Figure 46, Section 6.7).  

8.2.4 Research objective Four 

The proposed causal loop model containing the intervention policies underpinned the 

development of a policy intervention framework for closing the performance gaps of 

the refineries. The framework showed that there are three levels of policy interventions, 

which cut across the PST segment of the model.  

 

At the first level, the framework contains three recommended actions which cut across 

the PST segments (Figure 50, Section 6.8). As such, it proposed the adoption of full 

deregulation and private sector partnership for the refineries as a political approach to 

achieve management efficiency across the refineries. It also proposed the successful 

implementation of the Petroleum Industry Act (PIA) as a social approach to achieve 

stakeholder satisfaction with the social actors that present hostile threats to oil 

infrastructure.  Lastly, the framework proposed a change in operating philosophy to 

achieve maintenance best practices as a technical approach for fixing the poor 

maintenance culture in the organisation. The details of these discussions are presented 

in Chapter Seven (Sections 7.2.1 to 7.2.3). 

8.3 Review of Research Questions 

It is important to note that in addressing the above research objectives, the research 

questions posed in Section 1.2 of this study were equally answered by this study. The 

four main research questions posed by this study were: 
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1. What are the specific factors that drive the low productivity of the NNPC 

refineries?  

2. How can these factors be prioritised such that effective decision making can 

be inferred?  

3. How do the factors significantly interrelate and how can these be modelled?  

4. How can these analyses produce outcomes that will guide policymakers to 

inform solutions that will improve future practice in Nigeria’s refining 

industry?  

Table 43 provides a summary of the findings of this study in answering the research 

questions, including their validity and reliability. 
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Table 43: Research findings to research questions 

Research Questions Findings/Answers Reliability and Validity 

What are the specific factors that drive the low 

productivity of the NNPC refineries? 

The specific factors affecting the refineries rest 

within the political, economic, social, and 

technical (PEST) factors. This can be seen from 

the analyses of the study findings presented in 

Table 31 (Chapter 5).  

Cross-checking multiple sources of evidence 

through triangulation of the quantitative method 

with the qualitative method. 

How can these factors be prioritised such that 

effective decision making can be inferred? 

The analytical hierarchy process (AHP) which has 

been proven to be an effective and established 

technique useful for ranking and prioritization was 

applied to obtain a prioritised set of factors driving 

the performance of the refineries. These factors 

were used for developing the causal loop models 

as can be seen in Chapters 5 and 6 of this study. 

The use of established and proven mathematical 

technique based on the AHP and  

validation of the data output through interviews. 

 

How do the factors significantly interrelate and 

how can these be modelled? 

The use of a systems thinking approach in this 

study effectively demonstrated the 

interrelationships of the multiple factors in driving 

the causal underperformance of the refineries. The 

details of this methodology and how they were 

applied are presented in Chapter 3. 

The factors used for modelling the causal loop 

diagrams were obtained through a mixed 

methods approach in which one method of 

enquiry validated the other. In addition, the 

developed model was sent for validation and 
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received expert revisions from the professionals 

who experience the issues under investigation. 

How can these analyses produce outcomes that 

will guide policymakers to inform solutions that 

will improve future practice in Nigeria’s 

refining industry? 

Systems thinking methodology, which is useful 

for revealing leverage points in a system was 

applied to show points of leverage in the refinery 

system, where policy changes were applied to 

inform an intervention framework from this study.  

The policy intervention framework produced by 

this study was validated by the experts as capable 

of producing desired outcomes over time to 

address the performance gaps across the 

refineries.  

 

Table 43 indicates that in addition to achieving the research objectives, the research questions of this study were also effectively answered. 
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8.4 Contribution to knowledge 

The concept of originality is of paramount importance in any academic research. 

Walker (1997) identified various ways through which originality in research could be 

demonstrated such as new application of existing theory to new areas; a blend of new 

ideas; new methodologies, tools & techniques; new areas of research, as well as new 

interpretation of existing material.  

 

In terms of methodology, this study fills a gap in literature as a contribution to 

knowledge across four key areas: 

• The study exhaustively categorised all the factors affecting the performance of 

the NNPC refineries using the PESTEL framework. This was a step further from 

previous literature that have only identified aspects of the challenges without 

due categorisation (Igboanugo et al., 2016, Wapner, 2017, Ogbuigwe, 2018 and 

Badmus et al., 2013). The benefit of placing the identified factors under their 

categories is to help policymakers focus issues within identifiable domains 

while seeking to address the challenges of the refineries.  

• In addition, the study applied a proven structured mathematical technique using 

the Analytical Hierarchy Process (AHP) to prioritise the identified factors in 

terms of their significance for deriving inefficiency. As such, it determined that 

the more significant factors in this regard are the political, economic, social, and 

technical (PEST) factors, which are similar across the refineries (Sections 5.2 

and 5.3).  

• Furthermore, the study used the concept of causal loop model to demonstrate 

the interdependencies of the significant challenging factors as per how they 

derive sub-optimal performance across the refineries. This was useful for 

identifying the potential leverage points for policy interventions to address the 

performance gaps in the refineries.  

• Lastly, the study adopted meadows guidelines for 12 points of leverage to 

identify policy intervention points in the system to address their performance 

gaps. This provided the basis for the resulting policy intervention framework as 

a major outcome of this study. 
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As such, this methodology laid the foundation for the development of three approaches 

for closing the performance gaps of the refineries: 

• Political – proposed adoption of full deregulation and private sector 

participation in the management of the refineries to improve their management 

efficiency. 

• Technical – proposed adoption of maintenance best practices through a change 

in operating philosophy to improve the maintenance culture within the 

organisation. 

• Social – coherent implementation of the PIA to address social issues through 

stakeholder satisfaction to quell oil infrastructure vandalization in the Niger 

Delta region. 

 

This study argues that a systemic and coherent adoption and implementation of these 

measures will potentially lead to marginal incremental gains over time to address the 

problems of the NNPC refineries.  

8.5 Contribution to practice 

The policy intervention framework developed from this study will be useful to inform 

future practice across Nigerian refining sector. This is because the three recommended 

actions arising from the framework developed by this study as policy suggestions 

provide a reliable guide for managing the Nigerian refinery sector. Accordingly, the 

adoption of a change in operating philosophy to improve maintenance best practices, 

the successful implementation of the PIA to achieve stakeholder satisfaction, and the 

full deregulation of the downstream sector for private sector participation will all 

effectively contribute towards a solution through political, social, and technical 

approaches to the problem (See Section 6.8 and Figures 46 - 50). It is also important to 

note that as the refineries are currently undergoing a turnaround maintenance, there is 

an opportunity to upgrade the facilities with new technologies that will help reduce 

operational and product emissions to lower their environmental impact.  

 

Secondly, Nigerian policymakers and researchers can build on the causal 

interdependencies from the CLD model established by this study to simulate dynamic 

changes in actual production of the refineries based on various policy adjustments in 

the system.  
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Lastly, the systemic viewpoint espoused by this study through the identified PESTEL 

factors, can help the management of NNPC refineries to adopt new ways of looking at 

complex issues within the organisation. This approach will likely increase the quality 

of decision-making processes across the organisation based on inputs from multiple 

perspectives.  

8.6 Research limitations and future research potentials 

 

While this study achieved its aims and objectives, some limitations were, however, 

encountered in the course of this study. The discussion of these limitations is presented 

in line with suggestions for future research.  

 

Data collection for this study was primarily focused on the NNPC organisation and did 

not extend to the federal government officials. This was in line with the boundary 

established by this study as it focused primarily on NNPC refineries as a subsystem 

within the larger NNPC group (See Section 6.4). As such, government officials being 

directly inactive within this subsystem makes it less important to be involved. 

 

Secondly, the construction of causal loop models as done in this study involves a 

subjective process requiring the interpretation of the researcher and the participants’ 

mental models of how things work. As such, it may be difficult to replicate the 

relationship nature between agencies established in one context of the study in another 

context (Sterman, 2010).  Also, this study adopted the concept of systems thinking to 

develop the causal loop models. Bridgeland and Zahavi (2008) notes that while causal 

loop diagrams can be simulated to resolve issues on how the dynamics of a system can 

play out, they are rarely simulated directly as they do not possess all the information 

required to build dynamic models. Hence, the causal loop models presented here can 

be used as an intermediate step in building a larger system dynamic model.  

 

As noted in Section 6.8, the framework developed from this study suggests that the 

leverage points for addressing the refinery issues rests more within the soft systems 

methodology as opposed to hard systems approach. This is because the political, social, 

and technical approaches proposed as solutions to the refinery problems are rather 

diffuse and subtle requiring accommodations of different worldviews between the 

stakeholders who are active within the system. This is consistent with the principle of 

CATWOE (Customers, Actors, Transformation, Worldview, Owner and Environment) 
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espoused by Checkland (1990) which argues that changes can be effected in 

organisations through the identification of the necessary transformation processes 

shared by the worldviews of the various stakeholders (owners, customers, and actors) 

of the business within their operating environment. As such, a future study can explore 

this dimension to uncover additional pathways through which a soft systems model 

could provide a richer context to the solutions of the NNPC refineries. 

 

With respect to the current issues of climate change, this work contributes to an aspect 

of decarbonisation by an oil refinery through efficiency improvements. Some 

government led studies report that oil refineries have significant roles to play regarding 

reduction of greenhouse gases.  For example, a United Kingdom Petroleum Industries 

Association (UKPIA) report (2020) identified some areas with potentials in this regard 

to include hydrogen conversion technologies, low carbon liquid fuels (LCLFs) 

production, and optimisation of refinery processes for efficiency improvements. The 

body posits that these areas hold important promise to the global economy not only for 

the numerous jobs it supports but for the fact that refined petroleum products (RPPs) 

would still be required to power heavy duty equipment such as industrial plants, and 

machinery, marine vessels, high duty generators, and aviation engines for the 

foreseeable future. 

8.7 Recommendations  

 

This section presents the conclusions of this research with its recommendations.  

 

This study demonstrates the usefulness of systems thinking for solving complex 

organisational problems. Reviewing the performance challenges of Nigerian refineries 

across the PESTEL factors, this study identified that the significant performance 

challenges rests mostly within the PEST factors as the environmental and legal factors 

had less significant effect on the refineries’ performance. However, the study observed 

that while the identified environmental factors do not necessarily affect the performance 

of the refineries, the operations of the refineries do impact negatively on the 

environment through environmental degradation associated with pipeline vandalization 

and illegal refining activities, and unmonitored emissions from refinery operations.   
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Therefore, adopting the policy intervention framework developed in this study to 

address these social issues through the implementation of the PIA, will potentially help 

fix the negative environmental impacts from the refineries.  

 

In addition, the management and control of the refineries will benefit from structural 

overhaul that reduces government control through private sector partnership. In this 

arrangement, government would need to reduce its ownership stake in the refineries by 

allowing a competent private sector operator to run the refineries and make equitable 

returns. This approach will lead to management efficiency by infusing the necessary 

managerial and technical competence required to drive optimum performance across 

the refineries, as well as engender a change in operating philosophy required to address 

the poor maintenance culture observed across the industry. 

 

Lastly, the complete removal of regulations that fix pump prices of refined petroleum 

products would be essential to encourage private sector partnership as the need for 

profit-making would become a necessary incentive. However, as government remains 

a partner in the business, it would be easier for abuses from excessive profiteering to be 

checkmated in the interest of the public.  

8.8 Personal reflections 

 

Reflecting on this study, the researcher views big organisational problems as complex 

and require a holistic approach to develop effective solutions. The factors that 

determine the performance of big organisations like the NNPC refineries are often 

multifaceted and usually have both internal and external dimensions. Hence, the 

accurate diagnosis of such organisational problems lies beyond the comprehension of a 

single individual as the synthesis of multiple mental models from key stakeholders 

offers the best approach. As such, policy formulations to address any identified 

performance gaps must also be approved and validated by such stakeholders to be 

effective. 

 

Secondly, a research journey such as a PhD study is an evolutionary process that 

requires an open mindset from a researcher to be effective. This is because research 

studies can produce outcomes that totally counter the researcher’s initial beliefs about 

the issue under investigation and a researcher must be willing to accept these findings 

regardless of their initial presumptions.  
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Lastly, this researcher personally views the process of pursuing a PhD programme to 

be totally self-transformative. This is due to the fact that the process is full of personal 

challenges requiring courage, commitment, intellect, perseverance, hard work, and 

strong will to accomplish. To go through these challenges and succeed, one must be 

eternally grateful and humbled. 
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