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Abstract 

Globally, process accidents have been on the increase in oil and gas facilities and the role of 

external factors such as climate change on accident causation remain elusive. The Integrated 

Process Safety Management System (IPSMS) model offers a lot of promise because it 

integrates all the current PSM systems into a holistic model. However, there is little empirical 

research about integrated process safety management and climate change modelling that 

addresses emerging risks posed by climate change. Therefore, the aim of this study was to 

develop an integrated process safety management and climate change model for the oil and gas 

industry. A “concurrent triangulation” mixed methods design strategy was selected for this 

study, where data was collected, analysed and validated using both quantitative and qualitative 

methods. The main data collection sources for this study included the International Association 

of Oil and Gas Producers (IOGP) accident database, questionnaires, interviews and archive 

data from peer-reviewed academic literature. Data analysis techniques for this study included 

trend analysis, descriptive statistics, Pearson’s correlation, Cronbach’s alpha reliability 

analysis, content analysis and comparative analysis. Trend analysis results showed that 2013 

recorded the highest number of 43 accidents and the most fatalities of 80 deaths. With regard 

to geographical regions, Asia had the highest number of 59 accidents. Contractors were mostly 

affected in 86% of accidents, while company workers were involved in 14% of accidents. 69% 

of accidents were witnessed in onshore regions, while 31% occurred in offshore locations. 

After case study analysis, hurricanes were highlighted as the most fatal and expensive climatic 

events with an average of 1,092 fatalities and $68.68 billion in damages per event, followed by 

flooding events and wildfires. Questionnaire and interview findings reveal that 86% of the 

study’s participants suggested that climate change was an important factor that could affect oil 

and gas industry operations. Pearson’s correlation results also showed that climatic events such 

as flooding, temperature variations and CO2 concentration showed significant correlations with 

oil and gas operations. However, there were a few dissenting voices who believed that 

operations would naturally be disrupted with or without climate change. Based on quantitative 

and qualitative findings, management of harsh weather condition was incorporated as an 

external factor in developing the Integrated Process Safety Management and Climate Change 

Model. This model tends to address process risks posed to oil and gas operations emanating 

from personnel, procedure, equipment, as well as external factors such as climate change. 
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Chapter One 

Introduction 

1.0 Introduction 

The study seeks to develop an integrated process safety management (PSM) and climate change 

model for the oil and gas industry. To achieve the aim of this study, trends, causal factors of 

process accidents, as well as impacts of climate change on oil and gas operations were analysed. 

This provided a baseline for developing the integrated PSM and climate change model and 

validating it through input from industry professionals. This chapter presents a background to 

the study, the problem statement, aim, objectives, the study’s contribution to knowledge, a 

preview of the study’s research methods, the scope of the study, the proposed research 

methodology and the thesis outline. 

1.1 Background to the study 

Climate risks have increased exponentially in the last two decades; thus, safety management 

must be holistic to meet contemporary industry needs (Field et al. 2012). In recent times, there 

has been a rapid evolution (in terms of internal and external factors) in the complexity of 

process facilities, thus leading to high-profile risks within the process industry (Azadeh et al. 

2015). Globally, process accidents have been on the increase in oil and gas facilities and the 

role of external factors such as climate change on accident causation remain elusive 

(Abdolhamidzadeh et al. 2011). Recently, Hurricanes Rita and Katrina affected over 2,000 to 

3,000 platforms, with 163 offshore platforms totally destroyed (Cruz 2010). In onshore and 

offshore locations, pipelines spanning over hundreds of miles were ruptured and completely 

damaged, with over 46% still shut down since February 2006 (Matek 2017). Arguably, chronic 

adverse safety incidents in the oil and gas sector led to the initiation of process safety as a 

professional discipline that involves the management of the operational integrity of processes 

and systems (AIChE 2014). The Energy Institute (2016) has defined process safety as a 

discipline which combines management and engineering skills to prevent dangerous substances 

like petroleum products and chemicals, as well as energy, from losing containment and causing 

toxic releases, fires, explosions, structural collapse and other catastrophic accidents. The scope 

of process safety cuts across design, risk analysis, process plants, management systems, 

inspections, hydrocarbon release reduction, fire and explosion, carbon capture and storage, as 
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well as corrosion (Energy Institute 2016). According to Reniers et al. (2006), these events could 

have severe impacts on people, property, the environment and organisations. Lees (2012) 

asserted that process safety management (PSM) has adopted various steps in ensuring 

performance enhancement and operational excellence including process hazard analysis, risk 

assessment and risk management. 

While the process industry incorporates several sub-sectors including chemical, construction, 

energy, pharmaceutical and manufacturing, the oil and gas industry has been solely analysed 

in this research, as their operations involve higher risk profiles and complex facilities (Dutta 

2013). There have been several high-profile process accidents in recent times like the 

Flixborough disaster in 1974, the Piper Alpha disaster in 1988, the Macondo Blowout in 2010 

and the Bhopal disaster in 1984 (Ismail et al. 2014). A study by Al-Shanini et al. (2014) 

revealed that these devastating events have led to several methodologies and models being 

designed by industry experts to curb them to an appreciable extent. However, the findings of 

Bellamy et al. (2008) suggested that their occurrence could remain consistent and imminent if 

integrated models were not designed and implemented. Holdsworth (2003), Chaiyapa et al. 

(2016) and Nkwocha (2014) identified underlying issues such as a lack of integrated 

management systems, regulatory breaches and climate change impact on oil and gas operations. 

However, there is little empirical research about integrated process safety management and 

climate change modelling that addresses emerging risks posed by climate change. Therefore, 

this study seeks to develop an integrated process safety management and climate change model 

for the oil and gas industry. 

There have been various trends observed with regard to the past, present and future of process 

safety. Process safety first commenced in 1971 during a symposium by the European 

Federation of Chemical Engineering (EFCE) (Gillett 2001). Pasman and Suter (2005) 

suggested that it came on the back of the notion that there were lapses in the preventive 

approaches, testing techniques and risk analyses of process facilities. Afterwards, innovations 

like Markov models, fault trees and reliability block diagrams were invented to evaluate the 

safety integrity levels (SIL) of complex systems (Khan, Rathnayaka and Ahmed 2015). The 

most recent advancements have included the incorporation of social, economic and ecological 

factors into the design processes to ensure sustainability (De Rademaeker et al. 2014). There 

were also technological breakthroughs like the Layer of Protection Analysis (LOPA), 

engineering standards like IEC 61511, the risk matrix technique, the just culture approach, 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 3 

Reason’s Swiss Cheese model and Hazard Operability (HAZOP) (Khan, Rathnayaka and 

Ahmed 2015). The 21st century has seen multiple dimensions of methods introduced into the 

process safety field including construction design and engineering, statistics and reliability 

engineering, psychology and organisational science, process equipment systems and control, 

as well as computing, instrumentation and material science (De Rademaeker et al. 2014). 

Innovations like safety culture, performance indicators, Efficiency-Thoroughness Trade-Off 

(ETTO), resilience engineering, Systems-Theoretic Process Analysis (STPA), blended hazard 

identification (BLHAZID) and Bayesian Networks (BN) have provided better understanding 

for operation and process management (Khan, Rathnayaka and Ahmed 2015). These theories 

and models will be discussed in the first literature review section of this paper. 

Many PSM models designed over the years encompass various process safety elements. Table 

1.1 gives a brief description of these models, their year of design, their theoretical frameworks, 

their industry applications and their drawbacks. Indeed, there has been little study about the 

influence of contemporary factors such as climate change on process safety management. 

Central to process safety is the integrity of assets in various process facilities across different 

industries. Indeed, assets are often exposed to various risk factors including climate change 

which could negatively impact their reliability (Panteli and Mancarella 2015). Chaiyapa et al. 

(2016) suggested that an increase in climate change is likely to cause severe weather events 

such as high temperatures, flooding, hurricanes and typhoons. These phenomena could have 

direct and indirect impacts on company assets such as corrosion, explosion, structural fatigue 

and the malfunction of mechanical and electrical equipment (Gasbarro, Iraldo and Daddi 2017). 

Also, these harsh climatic conditions could pose a severe threat to oil and gas operations such 

as logistics activities including suspended helicopter operations, marine vessel turbulence, 

flooded motorways, as well as pipelines and rail transport (Udie, Bhattacharyya and Ozawa-

Meida 2018). Kuch (2017) suggested that climate change could also lead to the mental and 

physical exhaustion of employees working in oil and gas installations. Therefore, the impacts 

of climate change on oil and gas operations will be analysed to enhance the development of an 

integrated PSM and climate change model for the oil and gas industry. 
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Table 1. 1. Process Safety Management systems and their theoretical frameworks adapted from Theophilus et al. (2018) 

Model Theoretical Framework Year of 

design 

Reason Behind Model 

Design 

Industry of 

application 

Deficiency of Model References 

Responsible Care 

 Process Safety 

Code (RCPSC) 

It is built on a simple Plan-Do-Check-

Act framework that elevates the 

standard for performance in 

industries, as well as being flexible in 

meeting needs of various companies   

1984 It was designed to 

prevent the unintended 

release of hazardous 

substances by using 

technical 

improvements 

Petrochemical • - It does not consider several 

human factors 

• - There is no road-map for 

implementation of the 

elements within its framework 

 

Howard et al. (2000) 

Lenox and Nash (2003) 

CIMAH 

regulations 

It applies a goal-setting framework to 

identify, evaluate and mitigate any 

dangerous consequences that may 

arise from industrial activities. 

1984 It was designed to curb 

the consequences of 

major accidents on 

people and the 

environment 

All industrial 

sectors except 

nuclear and 

armed-forces 

installations 

• - No safety reports 

- Changes to safety 

management systems not 

addressed 

• - Emergency planning issues 

Cassidy (2013) 

HSE (2015) 

Process Engineering 

(2000) 

HSE (2017a) 

API RP 750 It is organized similarly to the OSHA 

and CCPS framework such that it 

embodies 11 elements and 

implements them using the PDCA 

framework 

1990 It was designed as the 

first framework for 

managing process 

hazards in the oil and 

gas industry 

Oil and Gas 

Petrochemical 

Refining 

• - It did not set out indicators 

for measuring process safety 

performance 

• - Human factors are not well 

addressed 

Patel (2005) 

API (2017) 

WorkSafe (2011) 

US OSHA PSM 

Program 

It is a performance-based framework 

hinged on management commitment 

which increases the workforce 

influence in managing process safety 

1992 It was designed to 

mitigate the accidental 

release of hazardous 

chemicals 

Manufacturing 

Chemical 

Transport 

• - It has remained unchanged 

and has few human factor 

elements in its framework 

Belke (2000) 

Kaszniak (2010) 

Summers 2000) 

Safety Case Its regulatory framework was made to 

meet the recommendations in the Lord 

Cullen’s report after the Piper Alpha 

disaster. 

1992 It requires companies in 

offshore installations to 

produce a safety 

document to show that 

there is an efficient 

safety management 

system in place 

Offshore • - It focuses only on paper 

safety and not real safety in 

practice. 

• - They are compliance-driven 

• - They reduce the level to 

which risks are being 

considered within 

organizations as they feel they 

already have a safety case 

Cassidy (2013) 

HSE (2017a) 

HSE (2017b) 

Israni et al. (2015) 

Hopkins (2015) 

NOPSEMA (2017) 

CAPP (2014) 
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Table 1.1 (continued). Process Safety Management systems and their theoretical frameworks adapted from (Theophilus et al. 2018) 

Model Theoretical Framework Year of 

design 

Reason Behind Model 

Design 

Industry of 

application 
• Deficiency of Model References 

ExxonMobil 

OIMS 

It is built on the ISO 14001 standard, 

as well as the Responsible Care 

initiative to manage health, security, 

safety and environmental risks 

1992 It was designed to 

improve personnel, 

health, security and 

process safety 

performance  

Petroleum • - It is quite complex to be 

understood by people that are 

not part of the company 

• - It does not certify employee 

compliance to standards. 

ExxonMobil (2017a) 

ExxonMobil (2017b) 

Theriot (2002) 

ILO PSM 

Framework 

It is built on a similar framework with 

the OSHA PSM program 

1993 It was designed to 

prevent major industrial 
accidents in the 

hazardous industries 

All major 

hazard 
installations 

except nuclear, 

military and 

transport other 

than pipeline 

• - It does not incorporate key 

human factors like safety 

culture into its framework 

• - It does not focus on 

performance measurement and 

management review 

CAPP (2014) 

ILO (2017) 

API RP 75 It is also organized similarly to the 

OSHA and CCPS framework such 

that it embodies 11 elements and 

implements them using the PDCA 

framework 

1993 It was developed as a 

safety and 

environmental program 

for offshore operations 

and facilities 

Oil and gas • - It does not incorporate human 

factors fully into its framework 

API (2004) 

BSEE (2017) 

WorkSafe (2011) 

EPA RMP Its framework is centered around 

hazard assessment, a prevention 

program and an emergency response 

program which must be included in 

the RMP to be submitted to the EPA 

1994 It was designed to 

monitor companies 

involved in the use of 

regulated toxic or 

flammable substances 

for prevention of 

accident release 

Chemical 

Petroleum 
• - Human factors are not 

adequately addressed 

• No certified method of 

implementation 

US EPA (2013) 

Ufner and Igleheart 

(2017) 

US EPA (2017a) 

US EPA (2017b) 

COMAH 

regulations 

Its framework is extended from the 

CIMAH regulations and is designed to 

meet the requirements of the Seveso II 

Directive 

1999 It allows competent 

authorities to assess the 

safety of designated 

sites using safety 

reports. 

All hazardous 

industries 
• - Cost of compliance 

• - Public information may 

affect commercial 

confidentiality and site 

security 

• - Consent for hazardous 

substances 

• - Different attitudes to 

implementing the Seveso II 

Directive across Europe 

HSE (2015) 

Process Engineering 

(2000) 

HSE (2017a) 

HSE (2017b) 

CAPP (2014) 

Beale (2001) 
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Table 1.1 (continued). Process Safety Management systems and their theoretical frameworks adapted from (Theophilus et al. 2018) 

Model Theoretical Framework Year of 

design 

Reason Behind Model 

Design 

Industry of 

application 
• Deficiency of Model References 

AIChE/CCPS Risk 

Based Process 

Safety (RBPS) 

Model 

Risk-Based Process Safety (RBPS) 

Framework builds the ideas of the 

earlier CCPS model to organize the 

management system principles of the 

Plan-Do-Check-Act in order to be 

used across various organizations 

2007 It was designed after 

the Bhopal tragedy in 

1984 to offer improved 

results with less funds 

and as a benchmark for 

the industry 

Chemical 

Process 

Industries 

• - It does not address all human 

factors. 

• - There is no road-map for 

implementation of the 

elements within its framework 

Pitblado (2011) 

Rigas and Sklavounos 

(2004) 

(Frank 2007) 

BP OMS Its framework integrates BP’s 

requirements on operational 

reliability, social responsibility, 

environment, security, safety and 

health into a common management 

system 

2007 It was designed after 

the Deepwater Horizon 

blowout to ensure 

compliance of BP’s 

industry standards with 

legislative 

requirements 

Oil and gas • - It does not incorporate all 

safety management system 

elements in it framework 

BP (2014) 

Dumon (2014) 

Whitford et al. (2011) 

 

SEMS Regulation Its framework is a performance-

focused tool for managing and 

integrating offshore activities based 

on the API RP 75 third edition in 

2004. 

2010 It was enacted to make 

mandatory the API RP 

75 rule in order to 

enhance environmental 

protection and safety of 

offshore oil and gas 

activities 

Offshore oil 

and gas 
• - It does not fully incorporate 

all human factors into its 

framework 

API (2004) 

BSEE (2017) 

WorkSafe (2011) 

Energy Institute 

High-Level PSM 

Framework 

Its framework is built with the 

Reason’s Swiss Cheese model as a 

template, however, using the Health 

and Safety Management System 

developed by ILO and OSHA as a 

benchmark for its implementation 

2010 It was designed to 

provide a basic and 

organized approach for 

small and large 

organizations across all 

energy sectors 

Energy 

industry 
• - Human factors are not fully 

integrated into the framework 

• - There is no adequate route 

map for implementation 

Hooi et al. (2014) 

(Murray 2015) 

Yew et al. (2014) 

DuPont 

Operational Risk 

Management 

(ORM) Model 

Its framework is built on high levels 

safety culture, with management 

commitment and operational 

discipline by workforce being the 

central point of focus in successful 

implementation of its plan 

2010 It was initially designed 

to ensure safety of their 

facilities, but later was 

used as benchmark for 

other companies within 

and across various 

industries 

Conglomerate 

comprising of 

various 

industrial 

sectors 

• - Its basic wheel-like structure 

shows no line of action or 

implementation of elements 

within its framework 

Kalthoff (2005) 

(Fernández-Muñiz et al. 

2007) 

Hart and Milstein (2003) 
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Table 1.1 (continued). Process Safety Management systems and their theoretical frameworks adapted from (Theophilus et al. 2018) 

Model Theoretical Framework Year of 

design 

Reason Behind Model 

Design 

Industry of 

application 
• Deficiency of Model References 

CSChE PSM 

Guide 4th edition 

It was built on a similar framework 

with the 1989 AICHE/CCPS 

Technical Management of Chemical 

Process Safety. 

2012 It was created as a more 

efficient framework for 

the prevention of 

accidents in the 

Canadian chemical 

industries 

Chemical • -It does not consider 

involvement of the workforce 

and stakeholders 

• -It does not also take into 

account the manner in which 

operations are conducted. 

CAPP (2014) 

Amyotte (2011) 

IOGP/IPIECA 
OMS Framework 

The framework uses a Plan-Do-
Check-Act approach to address 

security, process safety, quality, 

environment and social responsibility 

risks. 

2014 It was designed to 
improve the 

development and 

application of health, 

safety and 

environmental 

management systems. 

Oil and Gas • - It does not fully address 

human factors within its 

framework 

• - It totally relies on human 

compliance and does not 

provide enforcement actions 

IOGP (2014) 
CAPP (2014) 

IPSMS model The Integrated Process Safety 

Management System (IPSMS) model 

was designed using the PDCA 

framework, while its implementation 

strategy adopted the DuPont tripartite 

operational discipline model of three 

main aspects: personnel, technology 

and facilities 

2017 It was designed as a 

robust and holistic 

alternative to the 

previous PSM models 

by integrating their 

elements into one PSM 

system and including 

the human factors 

missing from them 

Oil and Gas • - This model was only 

validated using literature, 

without any input from 

industry professionals 

• - It failed to consider factors 

such as impact of climate 

change on oil and gas 

operations in its design 

Theophilus et al. (2018) 

 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 8 

1.2 Problem Statement/Research Gap 

It is one thing to develop a PSM system, and another to ensure that its functionality and 

efficiency meet contemporary needs such as climate change, hence creating a rationale for this 

study to be conducted. The Hurricane Katrina and Rita disasters in 2005 led to approximately 

1,500 fatalities, $200 billion in costs, damage to 2,000 to 3,000 platforms and the spillage of 

over 8 million gallons of crude oil. The Colorado floods in 2013 killed 10 people, cost $2 

billion, destroyed 20,000 homes and 50 bridges, ruptured storage tanks and flowlines, while 

disrupting production in over 51,000 operating wells in the region. The Western wildfires in 

2017 killed 54 people, damaged 15,000 homes and 1.4 million acres of land. These wildfires 

also caused Aera Energy LLC to close down all of its operations, as it shut in 382 producing 

wells, cutting 12,000 b/d and 7 MMcf/d of production. 

The recent IPSMS model designed by Theophilus et al. (2018) offers a lot of promise because 

it integrates all the current PSM systems into a holistic model. However, it has failed to consider 

impacts of climate change on oil and gas operations. Also, it should be noted that integrating 

elements from various PSM systems could have a negative effect in that conflicting demands 

from various PSM elements may hinder successful PSM implementation (Holdsworth 2003). 

It is also imperative to note from the study of Khan et al. (2015) that despite the design of all 

the existing PSM systems, there are still process accidents occurring on a consistent basis. This 

goes to show that there are still various components that have not been adequately addressed 

by these systems. Arguably, the IPSMS model took various factors into consideration during 

its design, but a key component which was omitted in its framework as well as in others, was 

climate change in particular. Similarly, asset integrity was addressed in the IPSMS model, as 

well as in many other PSM systems. However, Panteli and Mancarella (2015) suggested that 

the critical impacts that climate change poses to oil and gas operations have not been duly 

considered. 

Between 1983 to 2009, the National Transportation Safety Board (NTSB) reported 178 

helicopter incidents during oil and gas operations in the US Gulf of Mexico; averaging about 

6.6 crashes annually (Baker et al. 2011). 29 crashes (16%) were attributed to bad weather 

conditions, however, over 139 fatalities (40%) were recorded across these accidents. It would 

be right to think that there were functional PSM systems in the facilities where these accidents 

occurred. However, the failure of these PSM systems to account for the impact of climate 
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change on the safety of oil and gas operations has proved costly (Tang et al. 2017). Inspections 

may have been carried out, but if the PSM systems in place were not robust enough, certain 

loopholes may not have been addressed, as in the case of these accidents (Reniers and Khakzad 

2017). To ensure that this should not be the case, this study will also develop an integrated PSM 

and climate change model. 

Operational management in the oil and gas industry spans across several units such as 

exploration and production, storage, marine, laboratory, training, health, safety and security, 

internal audit, supply, analysts, credit, finance, commercial teams, customer service, 

government relations, tax and duties, etc. However, this study specifically wishes to focus on 

the impacts of climate change events (flooding, windstorms, temperature variation, rising sea 

levels and CO2 concentration) on three key areas including logistics, health and safety and asset 

deterioration. A study by (Akinro, Opeyemi, and Ologunagba 2008) highlighted that the World 

Bank ranked flooding and coastal erosion as high priority adverse climatic events in Nigeria 

which could affect oil and gas facilities operating in the Niger Delta region of the country. Also, 

(Adeoye, Ayanlade, and Babatimehin 2009) posited that these flooding events are likely to 

increase due to more intense rainfall and storms; hence posing more risks to oil and gas 

operations. In the UK North Sea, the unprecedented spikes in rainfall, temperatures and storms 

have caused massive damage to coastal areas which are home to most offshore infrastructures 

(Speedie 2006). Due to the arid environmental conditions in the Middle East regions such as 

Saudi Arabia and Kuwait, extreme temperature increases during the summer could affect the 

health of oil and gas workers, as well as overall productivity (Lelieveld et al. 2016). The IPSMS 

model did not consider the impact of climate change on each of these components, as shown in 

Figure 1.1. Moreover, this supplementary study by Theophilus et al. (2018) was only validated 

from an academic perspective, using peer-reviewed literature articles. Considering the complex 

and diverse nature of the oil and gas industry, it is pertinent for a designed PSM model to also 

be validated from the industry’s perspective using input from industry professionals and 

experts. Consequently, this study also aimed at validating the proposed PSM model by seeking 

the input of the oil and gas industry through questionnaires and qualitative interviews. 
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Figure 1. 1. Incorporating climate change into a PSM system that addresses the three key aspects of oil and 

gas operations: people, plant, procedures 

 

1.2.1 Statistical context of the problem statement 

In recent times, notable catastrophic events have plagued the oil and gas industry. In the case 

of the San Jacinto flooding event in 1984, 8 pipelines were ruptured and 29 were undermined, 

35,000 barrels of oil were spilled and ignited, while 547 people were injured and $23 million 

was incurred in damage costs. The Coffeyville Refinery flood incident resulted in a spill of 

40,000 gallons of crude oil, 2,500 affected homes and buildings and the contamination of 

surrounding lakes and rivers. In 2002, the Samir Refinery flood in Morocco caused water levels 

in the refinery to rise to 1.5 metres, thereby causing the ignition and explosion of the internal 

oil drainage system, the deaths of two workers and the destruction of over 70% of the thermo-

electric power plant. These incidents exposed several process safety flaws such as poor 

management of change, a lack of management leadership, a lack of maintenance, routine 

violations, loss of asset integrity, mechanical failures, human factor flaws and a poor safety 

culture, etc (Theophilus et al. 2018). Analysis by Khan et al. (2015) showed that between 2010 

and 2011, over 10 major process accidents occurred which incurred losses of over $2 billion. 

Data from the Major Accident Reporting System (MARS) revealed that out of 19% of all 

accidents recorded between 1987 and 2000 in process facilities in Europe, 51% were accidental 

releases, 44% were fires, 36% were explosions and 12% were gas clouds (Nivolianitou, 

Konstandinidou and Michalis 2006). According to Tokarski (2013), inadequate maintenance 

has been suggested by the UKHSE as the leading causal factor of over 30% of major accidents. 

This is buttressed by the study of DeWolf (2003), which revealed that poor maintenance 
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triggered 38% of process accidents associated with piping failures and chemical releases in the 

Netherlands. Similarly, Skalle et al. (2014) suggested that 65% of offshore gas releases have 

been associated with poor maintenance. In the Norwegian shelf, over 242 storage tank accidents 

were caused by poor maintenance and operations (Cacciabue 2013). However, Darbra et al. 

(2010) argued that factors such as sabotage, design errors, mechanical failures, earthquakes, 

high temperatures, flooding and other extreme weather events have greatly contributed to 

process accidents in the oil and gas industry. This infers that adverse weather events caused by 

climate change such as flooding and high temperatures play a significant role in major accident 

causation in the oil and gas industry. Also, the asset integrity issues highlighted, such as poor 

maintenance and mechanical failures, account for a high number of process accidents. 

Therefore, there is an urgent need to establish a correlation between climate change and oil and 

gas operations. 

A safety performance indicator report by IOGP (2017) showed that fatal incident rates have 

steadily increased over the past three years. It showed that there were 45 fatalities in 42 

accidents in 2014, 54 fatalities in 40 accidents in 2015 and 50 fatalities in 29 accidents in 2016. 

This evidence suggests that more fatalities occurred in fewer accidents in 2016 than in previous 

years. This shows a steady decline in process safety management within the oil and gas industry. 

It should also be noted that 19 of the 50 fatalities in 2016 occurred during just two air transport 

operations due to adverse weather events. Consequently, this emphasises the negative effects 

of climate change on standard operations and procedures within the oil and gas industry. 

Therefore, there is a need for a PSM system that can integrate the impacts of climate change in 

the oil and gas industry. 

1.2.2 Governmental context of the research problem 

The Health and Safety at Work Act was enacted after the Flixborough disaster in 1974 to 

provide adequate health and safety management for all industries and sectors (Hendershot 

2009). The Health and Safety Executive (HSE) is the major regulator and enforcer of health 

and safety regulations in various industries in the UK such as chemical, petroleum, mining, 

agriculture, finance, nuclear, manufacturing and medical industries (Tombs and Whyte 2013). 

The Management of Health and Safety at Work Regulations 1999 typifies the flexible health 

and safety regulatory system in the UK and provides implementation strategies to meet the 

provisions of the HSW Act (UKHSE 2013). In 1984, the European Communities Seveso 

Directive (82/501/EEC) was implemented through the Control of Industrial Major Accident 
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Hazards (CIMAH) regulations to mitigate accident rates and their consequences (Cassidy 

2013). The Offshore Installations (Safety Case) Regulations 1992 (amended in 2005 and 2015) 

was enacted as an implementation of Lord Cullen’s Report after the 1988 Piper Alpha explosion 

(HSE 2017b). In 1992, the US OSHA introduced their PSM program as a solution for accidents 

in the process industries (OSHA 2017). The International Labour Organisation (ILO) employed 

the Prevention of Major Industrial Accidents Convention (No. 174) to create their PSM system 

for major hazard installations (ILO 2017). Also, the US Environmental Protection Agency 

(EPA) instituted their Risk Management Plan (RMP) rule in 1994 which mandated all facilities 

using flammable and toxic substances to create and submit an RMP to the EPA (US EPA 

2017b). The Control of Major Accident Hazards (COMAH) Regulations replaced the CIMAH 

regulations in 1999, implementing the Seveso II Directive (UKHSE 2015). The US also issued 

the Workplace Safety Rule, also known as the Safety Environmental Management Systems 

(SEMS) to enhance environmental protection and safety levels in offshore operations (BSEE 

2017). 

The Climate Change Act 2008 was enacted by the UK government as a means of addressing 

climate change (GOV.UK 2008). This involves a 2050 target of reducing carbon emissions by 

80% of their 1990 baseline (European Commission 2016). The Committee on Climate Change 

(CCC 2018) is responsible for evidencing and assessing if these targets are being met. This Act 

also mandates that a Climate Change Risk Assessment be carried out every five years by the 

UK government (CCC 2018). The policies with regard to climate change adaptation and 

mitigation in the UK have been broadly developed by the Department for the Environment and 

Rural Affairs (DEFRA) and the Department for Business, Energy and Industrial Strategy 

(BEIS), respectively (Osborne, Kell and Jones 2015). The United Nations Framework 

Convention on Climate Change (UNFCCC 2018) was introduced in 1992 to aid international 

collaboration for climate change mitigation, adaptation, reporting and financing. One such 

collaboration led to the Kyoto Protocol in 1997 which mandated 37 industrialised countries to 

reduce greenhouse emissions by 5% below their 1990 baseline (GOV.UK 2008). While this 

target was met by over a 10% reduction, industrialising countries like China caused an increase 

in total global emissions during this period (CCC 2018). Hence, the Paris Agreement was made 

in 2015 which included 160 countries mandated to keep the increase in global temperatures 

below 1.50C (UNFCCC 2018). However, evidence from NASA (2018) suggested that there had 

been a 10C increase in temperature which is close to the set mark in accordance with the Paris 

Agreement. Hence, adaptive measures need to be applied to manage the severe consequences 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 13 

of climate change on oil and gas operations (Smith 2013). Such adaptive measures from the 

government’s perspective include mandatory design specifications for oil and gas assets 

exposed to harsh climatic conditions (Cruz 2010). This is suggested to be vital in offsetting the 

impacts of climate change on assets such as offshore rig platforms and equipment, transport 

pipelines, storage facilities, etc (Ramasamy and Yusof 2015). Arguably, national governments 

have failed to give due consideration to the design parameters of oil and gas assets, as 

juxtaposed to the rapidly-changing environmental factors due to climate change, hence 

undermining their integrity (Skjaerseth and Skodvin 2010). Arguably, there are adequate 

legislations to cater for PSM; however, there are fewer studies that consider the role of climate 

change in the management of process safety in the oil and gas industry (Lees 2012). Therefore, 

this study will be conducted to ascertain the impacts of climate change on oil and gas operations. 

This will also aid national governments to enact suitable regulations that can enhance the 

integrity of assets exposed to harsh climatic conditions. 

1.2.3 Industrial context of the research problem 

Since the 1970’s, process safety management has been considered by several companies who 

have introduced operating procedures, maintenance practices, operational risk management and 

management of change to manage the safety of their operations (Cummings 2009). One of the 

first PSM systems to be introduced in 1984 was the Responsible Care Process Safety Code 

(RCPSC) (GPCA 2011). After the Bhopal disaster in 1984, the Chemical Centre for Process 

Safety (CCPS) was formed in 1985 by its parent body, the American Institute of Chemical 

Engineers (AIChE 2014). The Technical Management of Chemical Process Safety developed 

by the CCPS from over 20 companies was the first generally accepted PSM standard (Frank 

2007). This model was later updated to the Risk Based Process Safety Standard (RBPS) in 2005 

(AIChE 2014). In 1990, the American Petroleum Institute (API) developed the first edition of 

its recommended practice (API RP 750), which stipulated the practices and procedures 

necessary for managing process hazards in oil and gas installations (API 1990). In 1992, 

ExxonMobil established their Operational Integrity Management System (OIMS) to cater for 

safety, security, health and environmental risks (ExxonMobil 2017b). In 1993, the first edition 

of the API RP 75 was introduced to provide a safety and environmental programme for offshore 

installations (API 2004). In 2007, British Petroleum (BP) also created their Operating 

Management System (OMS) to meet with industry regulations (BP 2014). 1n 2010, the 

Operational Risk Management (ORM) model was introduced by DuPont, and the High-level 

PSM framework was established by the Energy Institute (DuPont 2016). The AIChE/CCPS 
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Technical Management of Chemical Process Safety served as a model for the Canadian Society 

for Chemical Engineers (CSChE) who modelled it under their Process Safety Management 

Division to develop their PSM model (CAPP 2014). The International Petroleum Industry 

Environmental Conservation Association (IPIECA), in collaboration with the International 

Association of Oil and Gas Producers (IOGP) updated their guidelines in 2014 to better manage 

their PSM system (IOGP 2014). Nonetheless, despite all these PSM systems introduced by 

various companies within the industry, there remains a huge gap when it comes to addressing 

climate change impacts on oil and gas operations. 

These PSM systems were all adopted to develop an integrated process safety management and 

climate change model for the oil and gas industry. However, for this study’s PSM system to be 

better than the already existing models, it must consider their shortfalls such as climate change 

during its development. As earlier stated, the IPSMS model only considered the missing human 

factors in current PSM systems during its framework design. However, it failed to examine the 

technical aspect which encompasses climate change impacts on oil and gas operations. 

Although PSM systems have been applicable in the oil and gas industry for decades, the 

continuous rates of process accidents in the oil and gas industry suggest that there is an 

underlying issue with the existing PSM systems (Amir-Heidari et al. 2016). Moreover, there 

are suggestions that climate change is often overlooked as a possible causal factor of process 

accidents in the oil and gas industry. However, it remains to be seen if climate change could 

have played a major part in any of these accidents. Therefore, this study seeks to ascertain the 

possible impacts of climate change on oil and gas operations. 

1.2.4 Academic context of the research problem 

In academia, several researches have been conducted on process safety management. Swuste et 

al. (2016) opined that process safety education was vital for safe operations within the process 

industry. Process safety education was initiated due to the major accidents common within the 

process industry; alongside the severe consequences for assets, people and the environment 

(Khan and Abbasi 2001). Although these accidents do not occur frequently, they are 

characterised by high-impact consequences such as reputation damage, environmental 

degradation, multiple fatalities and the total loss of assets (Vinnem, Haugen and Okoh 2016). 

Consequently, various procedures, tools, methods and safety management systems have been 

developed to eliminate the human and technical design flaws that cause major accidents (Khan, 

Rathnayaka and Ahmed 2015). Besides the prevention of major accidents, process safety 
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education is vital for knowledge acquisition and improving engineering methods within the 

process industry (Reniers and Amyotte 2012). There are three basic routes through which 

process safety education is achieved including (a) government regulatory agency training (e.g. 

for competency in safety inspection and reviews); (b) the professional route (through 

Continuous Professional Development (CPD) programmes, industry-based research or 

internships); and (c) the university route (by bachelor’s, master’s and/or PhD research) (Mkpat, 

Reniers and Cozzani 2018). Process safety education is believed to promote lifelong learning 

through CPD, as well as knowledge sharing, increased technical proficiency and the better 

understanding of process safety principles (Crowl and Louvar 2001). Besides the enhancement 

of organisational performance, Crowl and Louvar (2001) argued that an inherent safety culture 

could be developed through process safety education. Hence, the aim of process safety 

education is to increase the competency of employees within the process industry by offering 

knowledge, ability, training and experience (Ferjencik 2007). 

The programmes offered in process safety education are subject to approval by accreditation 

bodies. Approval requirements include checks on learning outcomes, methodology and 

curriculum which should be designed to meet certain standards (Ferjencik 2007). Examples of 

these bodies include the Institution of Chemical Engineers (IChemE) in the United Kingdom 

and the Accreditation Board for Engineering and Technology (ABET) in the United States of 

America (Dee, Cox and Ogle 2015). Accreditation is vital as it can be used to emphasise the 

relevance of particular contents in the curriculum (Dixon and Kohlbrand 2015). However, there 

are certain aspects that have not been adequately addressed by these bodies such as impacts of 

climate change on oil and gas operations. 

Within the objectives in curriculum development in process safety education, there have been 

several proposals to incorporate certain factors like safety culture, while ensuring consistency 

in accreditation requirements and the adoption of recommendations by practitioners and 

researchers (Louvar and Hendershot 2007). Notably, French universities have incorporated 

safety and loss prevention into their chemical engineering curriculum (Perrin and Laurent 

2008). Similarly, Plant and Process Safety (PPS) has been added to the German Chemical 

Engineering network, as recommended by Dechema (Schmidt 2013). Trevor Kletz has also 

made the significant contribution of including inherently safer design into the curriculum of 

process safety education (Mannan 2012). However, Noakes et al. (2011) argued that it can be 

quite difficult for universities to implement these curriculums. Rae (2016) stressed that 
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universities and industry do not have a generally accepted curriculum for safety education. 

There are several modules and areas of research existent in process safety education such as 

software programming, security, risk decision-making, regulation, process safety management, 

process control, incident management, human factors, hazard identification and risk analysis, 

fire and explosion studies, economics, design, chemistry-related courses, as well as asset 

integrity and reliability (Mannan 2012). However, it is evident from these modules and research 

domains that climate change has not been factored into process safety education and this could 

pose a challenge for designing suitable models to cater for this problem. Consequently, the PSM 

system in this study could aid in providing a suitable route map for incorporating and 

implementing climate change in process safety curriculums in universities. 

Louvar and Hendershot (2007) suggested that there could be collaborations between the 

government, industry and academia in fostering potent process safety management systems. 

Perrin and Laurent (2008) opined that universities and industry could collaborate in areas 

including consultation, teaching, internships, publications, safety performance, research, 

funding and curriculum development. Also, the industry could collaborate with the government 

in aspects such as consultation, publications, research and safety performance (Mkpat, Reniers 

and Cozzani 2018). Governments could also collaborate with universities in terms of 

consultation, research and funding (Schmidt 2013). Mannan (2012) suggested that these mutual 

relationships could pose beneficial to all three parties and drive process safety to the highest 

levels. Consequently, this study is aimed at bridging the gap between the tripartite collaboration 

of government, industry and academia, as it had previously been validated using literature from 

academic journal databases. However, it is now being validated from industrial and 

governmental perspectives. 

1.3 Aim and Objectives 

The study seeks to develop an integrated process safety management and climate change model 

for the oil and gas industry. To achieve the aim of the study, the following objectives are 

considered: - 

i. To analyse trends of process accidents in the oil and gas industry. 

ii. To investigate whether climate change affects oil and gas operations. 

iii. To develop an integrated process safety management and climate change model for 

the oil and gas industry. 
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iv. To validate the integrated PSM and climate change model through input from 

professionals in the oil and gas industry. 

1.4 Research Question/Hypothesis 

Based on the nature of process accidents and the complexity of the oil and gas industry, a 

question was posed to be answered by the outcomes of this research. One of the rationales for 

this study was to ascertain the impact of climate change on oil and gas operations. Hence, the 

research question was asked to determine if a robust PSM system ought to incorporate climate 

change into its framework. The research question for this study is; - 

What impact does climate change have on oil and gas operations? 

Consequently, there were certain hypotheses postulated in this research with regard to the effect 

of climate change on the integrity, reliability and deterioration of oil and gas assets. 

Furthermore, the proven hypothesis aided in informing the rationale for the inclusion of climate 

change into the developed PSM system. As a result, the hypotheses of this research were; - 

• Hypothesis 1a: - Climate change has a significant impact on oil and gas operations 

• Null Hypothesis (1b): - Climate change does not have a significant impact on oil and 

gas operations. 

1.5 Study’s Contribution to Knowledge 

The inclusion of climate change into PSM makes this a contemporary study that is relevant to 

current trends in the oil and gas industry. The findings from this study will aid in greatly 

reducing the rate of process accidents in various industries, provided that it is adequately 

implemented. This study could also enhance the innovation of more integrated management 

systems in different industries, fields and disciplines (Holdsworth 2003). Companies within the 

process industry will also have the opportunity to incorporate a more holistic model into their 

management systems and upon successful implementation, stand a greater chance of increasing 

their operational reputations with regard to process safety. On a precautionary note, companies 

can as well avoid the legal, moral and financial consequences that come with process accidents 

due to negligence or failure to fulfil the employer’s duty of care (Hughes and Ferrett 2003). 

This is made evident by incorporating regulations such as the Safety Case and COMAH 

regulations into the designed framework. As a result of this research, there is also the massive 
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prospect of companies putting mitigations into place to cushion impacts of climate change on 

their operations. This could also be an eye-opener for national governments, regulatory agencies 

and institutions about amendments and enactments of regulations that could be made with 

regard to process safety. A typical example is the dissolution of the Minerals Management 

Service (MMS) after the Deepwater Horizon Blowout to form the Bureau of Ocean Energy 

Management (BOEM), the Bureau of Safety and Environmental Enforcement (BSEE), as well 

as the Office of Natural Resources Revenue (ONRR) (BOEM 2017). There is also the 

possibility of other countries and industry sectors to benchmark and update their PSM 

regulatory frameworks, similar to the Norwegian model that has aided other countries in 

benchmarking the tripartite structure of the Norwegian petroleum industry. 

1.6 Scope of the study 

This research was mainly focused on developing an integrated process safety management and 

climate change model for the oil and gas industry. It has made a deep insight into process 

accident trends in the oil and gas industry, as well as the current and future trends and 

projections with regard to current statistical data. It has also examined the PSM models that are 

currently being applied in various sectors of the process industry to understand their 

implementation strategies and drawbacks. It has also assessed PSM regulations at national, 

regulatory and organisational levels to identify and address potential loopholes. The research 

went further to investigate asset integrity issues in the process industry caused by influencing 

factors like climate change. Data collected to assess climate change impacts on oil and gas 

operations included maintenance data, corrosion data, sand blasting data and test data. Lastly, 

the developed PSM system was validated from the industry’s perspective. Data for validating 

this study were collected from various sectors of the oil and gas industry including the upstream, 

midstream and downstream sectors. 

1.7 Proposed Research Methodology 

This research adopted a pragmatic paradigm by applying concurrent triangulation mixed 

methods of quantitative and qualitative approaches to achieve its outcomes. A positivist 

approach was adopted in analysing trends and causal factors of process accidents in the oil and 

gas industry. It was also applied in examining how climate change influences oil and gas 

operations. The use of quantitative approaches like descriptive statistics and Pearson’s 

correlation were applied in analysing the questionnaire that was distributed to professionals in 
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various sectors of the oil and gas industry. This aided in validating the developed PSM system. 

The constructivist paradigm was also applied in conducting a comparative analysis of PSM 

systems to develop an integrated process safety management and climate change model for the 

oil and gas industry. This philosophy was equally utilised when validating the designed model, 

as NVivo software was used in transcribing responses from interview questions that were 

distributed to industry professionals to gain valuable input from the oil and gas industry. 

1.8 Thesis Outline 

Chapter One: This is the introduction chapter which sets the general background and context of 

process safety, after which it discusses the problem statement, aim and objectives, research 

question/hypothesis, the study’s contribution to knowledge, the scope of the study, the proposed 

research methodology and the research outline. 

Chapter Two: - This is the first literature review chapter which discusses process safety at a 

glance, after which it provides trends of past, present and future innovations in process safety. 

It also looks at accident trends in the process industry, process safety legislation and guidelines 

in various countries, as well as PSM systems. 

Chapter Three: - This chapter forms the second part of the literature review section. It provides 

an overview of climate change and its impact on oil and gas operations. Firstly, it looks at 

climate change in general with regard to regional and global statistics. Then, it identifies the 

key drivers of climate change in various industries, particularly the oil and gas industry. After 

that, it examines the effects that climate change has on different industries, putting the oil and 

gas industry into context. It further specifically appraises the impacts posed by climate change 

on oil and gas operations, as well as process safety management. 

Chapter Four: - This chapter provides the research design and methodology employed in 

carrying out this research. An application of mixed methods of both quantitative and qualitative 

methods were applied based on the different dimensions which the research undertook to arrive 

at a robust and unbiased conclusion. A pragmatic research paradigm was adopted in developing 

an integrated process safety management and climate change model for the oil and gas industry.  

A supplementary study conducted prior to this study will provide some data that will be used 

in the research methods. This PhD thesis is an advancement of the study carried out by 

Theophilus et al. (2018) which focused solely on addressing human factors in PSM systems. 
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However, this study focuses on developing an integrated process safety management and 

climate change model for the oil and gas industry, as well as validating the designed model 

from an industry perspective. The supplementary study for this PhD research was first published 

in the Process Safety Progress journal as follows: 

• Theophilus, S.C., Nwankwo, C.D., Acquah-Andoh, E., Bassey, E., and Umoren, U. 

(2018) ‘Integrating Human Factors (HF) into a Process Safety Management System 

(PSMS)’. Process Safety Progress [online] 37 (1), 67–85. available from 

<http://dx.doi.org/10.1002/prs.11909> [10 January 2018] 

Chapter Five: - This section presents the results for the process accident trends in the oil and 

gas industry.  

Chapter Six: - This section presents the results of the quantitative section of this study which 

were primarily based on questionnaire data obtained from professionals in the oil and gas 

industry. 

Chapter Seven: - This section presents the results of the qualitative section of this study which 

were primarily based on interview responses obtained from professionals in the oil and gas 

industry. 

Chapter Eight: - This section is based on developing an integrated process safety management 

and climate change model for the oil and gas industry. 

Chapter Nine: - This section discusses the results and findings of this study by relating them to 

the wider literature and drawing constructs from them to establish relevant knowledge in this 

subject area. 

Chapter Ten: - This chapter concludes the study and suggests recommendations based on the 

study’s findings, as well as possible areas for further studies to enhance this research. 
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Chapter Two 

Literature Review 1: Process Safety Management 

2.0 Introduction 

This chapter provides an extensive review of the literature bordering process safety 

management in the oil and gas industry. Due to the extensive scope of this study, the literature 

review is divided into two chapters. Chapter two is geared towards providing a detailed 

overview of process safety management while chapter three examines the impacts of climate 

change on oil and gas operations. For this chapter, the first section gives a broad overview of 

process safety with regard to its underpinning concepts and principles. It also highlights the 

reasons that make process safety very important subject matter, as well as what it can offer as 

a discipline. It goes further to give a context to the sectors that fall under the process industry, 

while highlighting the importance of the oil and gas industries as a major player within this 

industry. It then discusses the underlying risks that have still remained pending in the oil and 

gas industry and the need for them to be addressed. The second section provides a historical 

synopsis of the origins of process safety and what has been done over the past years with regard 

to process safety. Next, it presents an idea of the present trends and innovations in process 

safety, as well as the methods, models and research breakthroughs that have been made. It 

finally gives an insight into the future of process safety in the coming years and the predictions 

as to where process safety is headed with respect to the Process Safety Research Agenda for 

the 21st Century. The next section gives an overview of the oil and gas industry in terms of its 

importance, activities, sectors and regions. It also discusses past, current and future trends and 

advancements in the oil and gas industry. The next section of this review analyses accident 

trends and causation factors in the oil and gas industry worldwide, with special attention given 

to accidents where multiple fatalities have occurred. It looks at the nature of the accidents, their 

categories, their causal factors, the regions of occurrence and analysis of the various sectors. 

An overview of theories and models of accident causation is then presented, together with their 

various principles and applications in high-risk industries. Next, human factors are discussed 

vis-à-vis process safety management in the oil and gas industry. Next, health and safety laws, 

regulations and standards in the oil and gas industry are examined. This includes health and 

safety regulatory frameworks in countries such as the USA, the UK, Norway and China. 

Afterwards, a detailed review of the current PSM systems, models and frameworks is carried 

out. It highlights the origin of these frameworks, the industries they are applicable to, their 
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theoretical frameworks, their principles of application, their PSM elements and their advantages 

and drawbacks. This helps to provide a background for addressing all the key issues that are 

not addressed by each of these frameworks, while also utilising their strong points in designing 

a robust framework. 

2.1 Key Definitions and Scope of the Variables 

a. Accident: - “any unplanned event that resulted in injury or ill health of people, or 

damage or loss to property, plant, materials or the environment or a loss of business 

opportunity” (UKHSE 2013). 

b. Process safety: - A professional discipline that involves managing the operational 

integrity of processes and systems (AIChE 2014). 

c. Process safety management (PSM): - The combination of management and engineering 

skills to prevent dangerous substances like petroleum products and chemicals, as well 

as energy, from losing containment and causing toxic releases, fires, explosions, 

structural collapse and other catastrophic accidents (Energy Institute 2016). 

d. Process safety management model: - a system that is specialised in combining 

engineering and management techniques in ensuring operational excellence in high-risk 

process industries (DuPont 2016). 

e. Climate change: - The changes triggered by the long-term warming of the Earth 

including shifts in vegetation seasons, ice-melt in the Arctic and Antarctica, the 

shrinking of ice glaciers and rising sea levels (NASA 2017). 

f. Asset integrity: - The ability of people, facilities, procedures and resources to perform 

efficiently and effectively to ensure safe operations throughout their lifecycle (Hassan 

and Khan 2012). 

g. Oil and Gas Industry: - An industry that involves three main sectors including upstream 

(exploration and production), midstream (transportation and storage) and downstream 

(refining, distribution and marketing) (Oil and Gas UK 2018). 

h. Asset deterioration: - The decrease in the state or condition of an infrastructure over 

time (Othman 2015). 

i. Asset reliability: - The likelihood that a system or component will carry out a task for a 

specific time period when used under the appropriate operating circumstances 

(MaintWorld 2018). 
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j. Oil and gas facilities: - A system of tanks, valves, piping, vessels and other equipment 

used to dispose, store, measure, process, compress, pump or gather substances such as 

natural gas, petroleum and water (BCOGC 2018). 

k. Taxonomy: - a common set of terminologies applied in the field of health and safety 

(Weingart 2005). 

l. Process accidents: - loss of containment of operations in high-risk industries which lead 

to fires, collapses and accidental releases of toxic substances (Energy Institute 2016). 

2.2 Overview of Process Safety 

There has been an increasing rate in the production, refining, distribution and storage of energy 

and chemicals due to continuous social and technological advancements (Mearns and Yule 

2009). This has prompted an inevitable upsurge in the complex nature of processing plants, thus 

posing new hazards and risks that ought to be mitigated (Azadeh et al. 2015). However, 

Abdolhamidzadeh et al. (2011) suggested that process accidents have constantly increased over 

the years with various levels of severity. Accidents are deemed to be stochastic in nature and 

this is backed up by the analysis of Khan et al. (2015) shown in Figure 2.1, which illustrates a 

non-uniform accident trend of accidents over a 24-year period. Wahab et al. (2016) drew 

attention to the dire need for effective process safety management to introduce precautionary 

and mitigating methods to address these key issues. Process safety as a discipline focuses on 

accidental chemical releases, explosions and fires at chemical process facilities, hence 

Knegtering and Pasman (2009) opined that it was vital for addressing major accidents that are 

specific to the process industry. Swuste et al. (2016) tried to distinguish process safety from 

occupational safety, as the latter is tailored towards workplace hazards like slips, trips and falls. 

According to the Seveso II Directive, any event like an explosion, fire or major emission due 

to uncontrolled circumstances during an organisation’s operations is termed as a major accident 

(Salvi and Debray 2006). Reniers et al. (2006) asserted that the consequences of major accidents 

could negatively impact the environment, properties, people and even the organisation 

involved. There could be psychological and physical damage to humans resulting from high 

injury or fatality rates; properties ranging from buildings to equipment and facilities could also 

be lost, hazardous material could also be released into the atmosphere, hydrosphere and 

lithosphere which in most cases is irreversible; and the company could face civil and criminal 

convictions which could threaten their corporate image and existence (Ismail et al. 2014). 

Therefore, Amyotte et al. (2007) recommended that process safety research be inculcated as 
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part of our everyday lives in order to aid the sustainable development of our environment. PSM 

incorporates several steps to ensure operational excellence and performance enhancement. 

However, there are three major steps identified as pivotal to any PSM system which are process 

hazard analysis, risk assessment and risk management (Lees 2012). Process hazard analysis 

focuses mainly on identifying as many things that could go wrong in a system (Rodríguez and 

Díaz 2016). The risk assessment offers a quantitative and qualitative approach to determine the 

severity of an accident and the probability of it occurring (Paik et al. 2011). The risk 

management utilises design improvement, risk-based decision making, risk evaluation and risk 

estimation to manage any risks within the process system (Aven, Vinnem and Wiencke 2007). 

 

Figure 2. 1. Accident trend analysis from 1988 to 2012 adapted from Khan et al. (2015) 

Figure 2.1 shows that over the last four decades, process accidents and their consequences have 

decreased on average. Arguably, better safety precautions, good management, weighty punitive 

measures, better regulations and workers’ awareness, etc. are likely factors that are driving 

better process safety management, thus the downward trend in Figure 2.1 in recent times (Aziz 

et al. 2014). However, there appear to be new safety threats from contemporary issues such as 

climate change impacting on oil and gas operations (Cruz 2010). Therefore, this study is timely 

and proactive in seeking the impact of climate change on oil and gas operations. There are 

various industries whose scope of operations fall under the process industry. However, Dutta 

(2013) suggested that the chemical and petroleum industries are the major operations within the 
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process industry. The process industry also cuts across sectors like agriculture and food 

processing (Hall and Howe 2012), mining (Wang et al. 2014), pharmaceuticals (Angel de la O 

Herrera et al. 2015), biotechnology (Calvo Olivares, Rivera and Núñez Mc Leod 2014), nuclear 

(Morrow, Kenneth Koves and Barnes 2014), energy (Pittiglio, Bragatto and Site 2014) and 

renewables (Casson Moreno et al. 2016). However, Aas (2008) argued that the oil and gas 

industry stands out amongst these other industries due to the risk profile of the activities 

undertaken within the sector. Chen et al. (2014) classified the scope of operations in the oil and 

gas industry into three broad sectors which are upstream, midstream and downstream. The 

upstream sector encompasses activities like seismic testing, exploration, drilling and the 

production of petroleum products (Niven and McLeod 2009). The midstream sector involves 

operations like the transportation and storage of the produced petroleum products (Chen et al. 

2014). The downstream sector is mainly concerned with the refining, marketing and distribution 

of these petroleum products for consumer use (Fabiano and Currò 2012). However, Ahmed et 

al. (2014) stressed that each of these sectors involves complex processes and interactions which 

increase the exposure of humans and the environment to major damage in the event of an 

accident. Therefore, it is vital that all risks that may arise from the operations in this industry 

are addressed to a reasonably practicable level in order to avoid any disasters. This is one of the 

reasons why the oil and gas industry remains a major player in the process industry, especially 

in terms of process safety management. Most of the high profile accidents that have occurred 

in the process industry can be attributed to the oil and gas sector including the Flixborough 

disaster in 1974, the Alexander Kielland collapse in 1980, the Bhopal gas tragedy in 1984, the 

Piper Alpha disaster in 1988, the BP Texas refinery fire in 2005 and most recently the 

Deepwater Horizon blowout in 2010 (Ismail et al. 2014). They highlighted in their study that 

these accidents were known for recording multiple fatalities, most of which were due to failures 

in the implementation of process safety measures in their respective facilities. It is well-known 

that the oil and gas industry is central to meeting the needs of the global energy market, as the 

importance of their refined products like gasoline, liquefied petroleum gas (LPG), diesel, fuel 

oils and waxes cannot be undermined (Chauhan 2013). In order to establish a common ground 

between the benefits of the industry’s products and the urgent need for safety in its operations, 

Khan et al. (2015) suggested that there needs to be a holistic process safety management system 

which will embody the process safety, financial, social, economic and sustainable aspects 

within its framework. Al-Shanini et al. (2014) revealed that several process safety experts have 

developed various methodologies and models to address process safety risks, which in fact have 

been commendable in reducing process accidents. However, Bellamy et al. (2008) argued that 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 26 

with underlying issues still left unaddressed by the existing frameworks, one could only wonder 

the magnitude and scale of the next catastrophic event in the oil and gas industry. Issues that 

remain unaddressed include key areas like the impact of climate change on oil and gas 

operations (Chaiyapa, Esteban and Kameyama 2016), non-compliance to process safety 

regulations and standards mostly in developing countries (Nkwocha 2014) and a lack of 

integrated management systems to embody these different process safety aspects into a holistic 

model (Holdsworth 2003). Therefore, the Integrated Process Safety Management System 

(IPSMS) model was designed by Theophilus et al. (2018) to incorporate various elements from 

different existing PSM models, systems and frameworks to form a more holistic model. 

However, this model is yet to be validated and tested in any sector of the process industry. Also 

as earlier mentioned, it fails to incorporate contemporary issues in the oil and gas industry such 

as impacts of climate change on oil and gas operations. Consequently, this research was also 

geared towards developing an integrated PSM and climate change model which will address 

these flaws in the existing PSM models. The next section examines the past, present and future 

trends of process safety. 

2.3 Past, Present and Future Trends of Process Safety 

2.3.1 Past trends 

The chemical process industry has witnessed a shift in interest towards intrinsically safer plants 

in the last decades, which has led to the development of the field known as process safety 

(Planas et al. 2014). Gillett (2001) traced the origins of process safety back to 1971, when 

motivated professionals from the European Federation of Chemical Engineering (EFCE) 

identified during a symposium in Newcastle upon Tyne that massive international effort was 

required in addressing the safety situation at the time. However in 1974, these individuals 

formally instituted the Working Party on Loss Prevention and Safety Promotion in the Process 

Industries; a subdivision of the EFCE where the first international symposium was held in the 

Netherlands (Pasman and Suter 2005). Gillett (2001) posited that the loss prevention 

perspective was developed to curb major accidents and recommend mitigations to reduce their 

impacts to the barest minimum. According to De Rademaeker et al. (2014), the topics covered 

during this symposium included case studies, loss prevention through design, explosibility, test 

procedures and results, vapour dispersion in the atmosphere, transporting and storing liquefied 

gases, gas, vapour clouds and dust explosions, safety organisation, reliability engineering, 
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insurance aspects, hazards and operability studies, guidelines for safe design and emergency 

planning. An overview of the past trends of process safety is presented in Table 2.1. 

Table 2. 1. Past trends of process safety 

Year Event References 

1971 Symposium by European Federation of Chemical Engineering 

(EFCE) due to massive international effort required in addressing 

the safety situation at the time 

Gillett (2001) 

1974 Creation of the Working Party on Loss Prevention and Safety 

Promotion in the Process Industries by the EFCE. Loss prevention 

perspective was developed to curb major accidents and recommend 

mitigations to reduce their impacts to the barest minimum. 

(Pasman and Suter 2005) 

Mid-70’s Risk analysis was introduced as a methodology to define and 

reduce the risks posed by operations in the chemical process 

industries 

Shahriar, Sadiq and 

Tesfamariam (2012) 

Early 1980’s Emerging issues like the application of risk analysis, risk 

quantification, consequence analysis and hazard identification 

became predominant in the process industries 

 

1986 Human factors were then fully incorporated into subsequent 

symposiums from several fields that cut across human factors, 

probabilistic risk assessment, human reliability and systems safety 

(Maurino et al. 2017) 

1992 The European Process Safety Centre (EPSC) was instituted by the 

European Chemical Industry Council (CEFIC) and the European 

Commission (EC) as the main technical advisory body on process 

safety in Europe 

De Rademaeker et al. 

(2014) 

1998 The 1998 symposium provided yet another dimension to process 

safety as it emphasised how important occupational safety, health 

and environmental management systems could be as vital tools for 

excellent business management 

(Crowl and Louvar 2001) 

Similarly, Pasman and Suter (2005) identified these topics to have emerged from the lessons 

learned in the 1960’s which indicated that conditions leading to accidents were complex, testing 

techniques were insufficient, impacts of accidents were underrated and there was no system 

approach for preventing them. However, De Rademaeker et al. (2014) suggested that it was 

viewed by some parties as a profit-making scheme as opposed to being a tool for damage and 

loss control. Likewise, Hendershot (2009) asserted that this view was strengthened by the 

occurrence of the Flixborough disaster just two days after the Delft symposium; thus reiterating 

failures in process safety measures at the time. After this period, there has been massive 

attendance witnessed in process safety symposiums both from academia and industry (Bridges 

and Tew 2010). However, De Rademaeker et al. (2014) stressed that this figure has decreased 

in recent times due to funding cuts and economic reasons. 

Risk analysis was introduced in the mid-70s as a methodology to define and reduce the risks 

posed by operations in the chemical process industries. Meanwhile, further symposiums 

suggested the need for quantification to be included in measuring risk, hence quantitative risk 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 28 

analysis (QRA) (Shahriar, Sadiq and Tesfamariam 2012). While this method that was borrowed 

from the nuclear industry was heralded to be a huge success, García-Herrero et al. (2013) 

identified that there were some controversies surrounding variations in its concepts, definitions 

and cross-analyses with qualitative perspectives. As time progressed into the early 1980s, 

emerging issues like the application of risk analysis, risk quantification, consequence analysis 

and hazard identification became predominant in the process industries (De Rademaeker et al. 

2014). Further into this period, Gambetti et al. (2012) explained that the role of human factors 

began to be considered due to the fact that the reliability of technology and equipment was 

significantly improving. Stanton et al. (2013) also argued that more emphasis was needed on 

human factors with regard to design, lack of attention, errors, omissions and ergonomics in 

assisting the successful operation of plants and processes. In 1986, human factors were then 

fully incorporated into subsequent symposiums from several fields that cut across human 

factors, probabilistic risk assessment, human reliability and systems safety (Maurino et al. 

2017). Mearns et al. (2001) highlighted various aspects that were considered such as 

performance measurement, operational discipline, adequate information and communication, 

training, drugs and alcohol, stress, procedures and instructions, crew resource management, 

environment and social climate, as well as motivation. Just as William Thompson postulated in 

1983 that being able to measure something and express it in numbers shows the deep extent of 

understanding you have about that subject, leading performance indicators were consequently 

developed for the process industry (Endsley and Garland 2000), Nevertheless, De Rademaeker 

et al. (2014) suggested that these performance metrics should be based on proactive 

measurements that would prevent the occurrence of catastrophic events. 

In 1992, the European Process Safety Centre (EPSC) was instituted by the European Chemical 

Industry Council (CEFIC) and the European Commission (EC) as the main technical advisory 

body on process safety in Europe (Pasman and Suter 2005). The EPSC (2018) is predominantly 

involved in the planning and implementation of process safety results from conferences and 

publications etc. through collaboration, information, influence and outreach. However, CEFIC 

is the main trade body for the European chemical industry, while the EC is the executive arm 

of the European Union (EU) that enacts legislation, implements decisions and manages daily 

activities within EU countries (EC 2017). Gillett (2001) mentioned that the EPSC had aided the 

EC in drafting regulations regarding process safety such as the Working Guidance documents 

in the EU Seveso II Directive. Swuste et al. (2016) also asserted that during this time, Trevor 

Kletz reiterated the need for inherent safety to be considered more as a basic approach from the 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 29 

design stages, as well as learning from previous incidents to improve risk attenuation and 

limitation. The 1998 symposium provided yet another dimension to process safety as it 

emphasised how important occupational safety, health and environmental management systems 

could be as vital tools for excellent business management (Crowl and Louvar 2001). Likewise, 

Sklet (2006) confirmed that safety instrumented systems and the recent IEC 61511 standard 

were rolled out as reliable foundations for process protective structures. A more technical 

viewpoint also saw more innovations like the Markov models, fault trees and reliability block 

diagrams as breakthrough advancements that could be useful in evaluating the safety integrity 

levels (SIL) of complex systems and their components, failure modes and rates (Distefano and 

Puliafito 2007). 

2.3.2 Present trends 

De Rademaeker et al. (2014) suggested that the 21st century has offered a more dynamic 

approach to loss prevention through the incorporation of social, economic and ecological 

factors into design criteria to ensure sustainable development. The Layer of Protection Analysis 

(LOPA) was introduced to the EPSC during the late 1990s as a basic tool for risk assessment 

(Wasileski and Henselwood 2011). Central to the success of this innovation was its 

compatibility with various engineering standards like the IEC 61511, through giving a clear 

understanding and curbing the risks of the SIL of Safety Instrumented Systems to an appreciable 

extent (Sklet 2006). The risk matrix technique also aided in providing a precise cost-benefit 

analysis to address the issue of the extent to which safety is deemed “enough” (Gul and Guneri 

2016). Nonetheless, a major challenge identified during this period was insufficient technology, 

techniques and methods to prevent process accidents (De Rademaeker et al. (2014). Shimada 

et al. (2009) highlighted another significant issue to be the safe running of plants which was 

hindered by the lack of adequate methods to identify and analyse incident precursors in order 

to reduce risks. Robust models necessary for supporting decision-making and emergency 

planning procedures were also not developed at this time (Aven, Vinnem and Wiencke 2007). 

However, more recent years have seen improvements in the Information Technology (IT) 

industry with regard to process safety, where there has been an integration of electronic permit-

to-work systems and computer-aided design (CAD) systems with safety application tools 

(Dimian and Bildea 2008). This has aided in easier, faster and more accurate implementation 

of process safety management systems across facilities in ways such as accident analysis, 

hazard identification and risk assessment (Knegtering, B and Pasman 2009). 
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Another method suggested by Dekker (2016) is the just culture approach which is an inherent 

method of promoting an inquisitive attitude, immunity to complacency, dedication to 

excellence and merging corporate self-regulation and personal accountability in process safety 

issues. The first industry in the process sector which adopted this culture of safety was the 

aviation industry through the adoption of Reason’s Swiss Cheese model of accident causation 

(Reason 2000). This model classifies accident causation into various factors such as personnel, 

workplace and organisation. The personnel factor focuses on unsafe acts or conditions caused 

by a lack of motivation, stressful conditions, inadequate skill, insufficient knowledge and 

incapability, which lead to personal injury (Aas 2008). The workplace factor stems from Hazard 

Operability (HAZOP) and risk analysis within the reliability engineering field. It is based on 

work standards, maintenance, purchasing procedures, engineering and inadequate supervision 

(Ahn and Chang 2016). The organisation factor focuses on failure in management systems, 

leadership and latent deficiencies, thus viewing human error as a consequence as opposed to a 

cause (Bellamy, Geyer and Wilkinson 2008). Notwithstanding, there have been proliferating 

rates of process safety threats in the various industries ranging from complacency, job hopping, 

outsourcing, early retirement, plant ageing and complexity, downsizing and cost-cutting 

(Knegtering, B. and Pasman 2009). This has led to increased accident rates in recent times 

despite all these advancements in process safety technology, thus reiterating the urgency for 

enabling and maintaining good safety management through process safety performance metrics 

(Mearns, Whitaker and Flin 2003). The BP Texas refinery explosion in 2005 further emphasised 

the need for incorporating process safety into management decision-making through effectively 

evaluating and reporting process safety performance (MacKenzie, Holmstrom and Kaszniak 

2007). Consequently, Cox and Cheyne (2000) suggested that while trying to uphold and 

enhance process safety culture, both leading and lagging process safety performance indicators 

should be very clear and succinct for the entire organisation to understand. However, some 

bottlenecks have been identified in successful process safety implementation including the 

urgent need for better solutions, a lack of communication, increased complexity of process 

operations, no emphasis on leading indicators and failing to learn from past experience (Mohd 

Shariff, Abdul Aziz and Abdul Majid 2016). Consequently, resilience engineering has been 

suggested as a vital management and analytical tool for coping better with unstable process 

states and avoiding unsafe conditions (Azadeh et al. 2014). Gradually, there has been a shift 

from designing and implementing protective measures for accident analysis to prevention by 

rethinking processes and coming up with inherently safer features (Costella, Saurin and de 

Macedo Guimarães 2009). This has aided in not only protecting health, safety and the 
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environment, but also process operability, energy management and product quality (Dinh et al. 

2012). However, Costella et al. (2009) highlighted some challenges for further development 

such as reliability in complex systems, improving knowledge of human interactions, system 

approaches to process safety and resilience engineering. 

There were some new topics added for discussion during the 14th EFCE LP symposium as 

shown in Table 2.2. These new topics cut across various aspects like suitable process safety 

indicators and metrics, the role of top management in internal safety communications, public 

accountability, a blame-free culture, differences in personnel and process safety, long-term 

sustainability, the relationship between safety and economics, as well as safety and customer 

perception (De Rademaeker et al. 2014). 

Table 2. 2. Topics covered in the 14th EFCE Loss Prevention Symposium adapted from De Rademaeker et 

al. (2014) 

1) Risk Management and Regulatory Issues 

Crisis management and emergency preparedness 

Risk communication 

Novel assessment methods 

Impact of natural hazards 

Security risks 
Transport risks 

Regulation in developing countries 

Impact on Small Medium Enterprises 

Technical Issues 

Regulatory Issues 

Siting and land-use planning 

Consequence modelling 
Risk assessment and evaluation 

Hazard Identification 

2) Human Factors and Management Systems 

Asset Integrity 

Contract manufacture 

Health, safety, security and environment 

management systems 

Outsourcing and subcontracted activities 

Organisational change 

Human factors in the control of major hazards 

Process safety education and training 

Process safety performance (indicators and metrics) 

Safety culture 

Competence and capability 

Ergonomics (manning and design of control rooms) 

3) Learning from Accidents and Knowledge Transfer 

Communication and education 

Experience from other industries 

Teaching tools and methods 

Knowledge transfer 

Implementation of lessons learned 

Identification of root causes 

Lessons learned from accidents 

4) Process Safety Engineering 

Emerging technologies 

Resilience Engineering 

Nuclear energy safety 

Laboratory and pilot scale plants 

Biotechnology 

Plant layout and domino effects 

Fire and explosion mitigation 

Designing for safety 

Inherent safety 

Sustainability 

Safety critical systems 

5) Material Hazards 

Predicting hazardous properties 

Chemical reaction classification 

Hazards of nano-materials 

Material hazardous properties 

Hazards from novel or emerging technologies 
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According to Table 2.2, the vast range of interest and attention that this subject matter has been 

accorded on a global scale is shown, as the various topics were harnessed from consultants, 

regulators, engineers and researchers worldwide. 

2.3.3 Future trends 

Further into the 21st century, there have been several attempts to make progress in methods, 

approaches and concepts in process safety (Knegtering and Pasman 2009). However, Vidal et 

al. (2004) argued that this progress can only come about through in-depth research; where one 

of such postulations was made in the Process Safety Research Agenda for the 21st century by a 

group of professors in the Department of Chemical Engineering, Texas A&M University. While 

process safety tends to be pragmatic and industry-based, it is also vital to highlight the 

implications it has for academia and research. De Rademaeker et al. (2014) reiterated that 

further progress in process safety concepts can only come through thorough research as most 

features have already been tackled in industry practice. Similarly, Perkins (2002) highlighted 

that in several universities in the United States which have a Chemical Engineering department 

with lots of professors, very few of these professors were actively involved in process safety 

research. De Rademaeker et al. (2014) further stressed that Chemical Engineering students in 

various universities and research institutes were only encouraged to write safety reports and put 

on personal protective equipment in the laboratory, without properly educating them on the 

intricacies of process safety. Due to these factors, coupled with the numerous process accidents 

investigated by the U.S. Chemical Safety Board (CSB), the curriculum requirements for 

chemical engineering has been modified by the U.S. Accreditation Board of Engineering and 

Technology (London 2013). Students were also required from 2012 to have in-depth knowledge 

of the operations of chemical process equipment, both technically and in regulatory terms, to 

conform to environmental, safety and health regulations (ABET 2014). Fischhoff (2013) 

stressed that despite the fulfilment of global needs provided by process industry products, there 

still remains a low level of tolerance for acute risks posed to the environment, as well as 

increasing rates of injuries and fatalities. Consequently, Abdolhamidzadeh et al. (2011) 

suggested that the only way these accidents could be stopped was either by investing in costly 

measures and ceasing production of hazardous products, but this seems to be most unlikely 

considering the increasing global energy demand. The Process Safety Research Agenda 

identified 19 key areas for further improvement in the process industry as shown in Table 2.3. 

This meeting elucidated the research topics that need to be looked into according to technical 

and organisational aspects in order to address process safety issues from all perspectives (De 
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Rademaeker et al. 2014). International collaboration and globalisation were also drivers for 

addressing key issues like research funding, as it was argued that the enormous costs accrued 

while repairing the damage caused by a process accident could even be used for investing in 

academic research that would prevent the accidents in the first place (Perkins 2002). Another 

highlighted issue was the lack of a global structure to coordinate process safety research 

involvements by various organisations (Knegtering, B. and Pasman 2009). 

Table 2. 3. Key areas covered in the Process Safety Research Agenda for the 21st century adapted from De 

Rademaeker et al. (2014) 

1. Natural hazard triggering technological 

disasters (NaTech) 

2. Application of process safety to drilling 

operations 

3. Easy-to-implement process safety 

methods for industry 

4. Integration of databases for process safety 

improvement 

5. Standardization of process safety 

standards 

6. Process safety management knowledge: 

transfer, improved access, dissemination 

7. Life cycle/maintenance 

8. Safety technologies, layers of protection 

and migration systems 

9. Mechanism to import process safety into 

emerging technologies 

10. Safety culture 

11. Organisational/human factors: difference 

between people and technology 

12. Integration of occupational safety with 

process safety 

13. Resilience engineering 

14. Complex systems 

15. Critical infrastructure protection 

16. Consequence analysis 

17. Risk management 

18. Inherently safer design 

19. Hazardous phenomena 

Due to the complex nature of systems that have been introduced in the process industry and the 

challenges they pose to engineers, Venkatasubramanian (2011) suggested that systems-thinking 

should be given more attention as the yardstick for assessing a chemical engineer’s competence. 

During the 8th European Congress of Chemical Engineering held in Berlin in 2011, it was also 

identified that research efforts and process safety lessons were in rapid decline in Europe 

(Murray 2015). However, there have been significant advancements in engineering and science 

with regard to process safety as seen in Figure 2.2. For example, in areas like Belgium, KU 

Leuven has established many chairs in areas of process safety, including several process safety 

advancements in Delft, the Netherlands (De Rademaeker et al. 2014). 
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Figure 2. 2. Future trends in process safety adapted from De Rademaeker et al. (2014) 

Due to the shift in problems in the process industry arising from complex systems, wrong 

diagnoses of abnormal conditions and failures in risk management, Qureshi (2008) suggested 

that a more holistic approach was required to address the system as a whole from both the 

technical and organisational aspects. This is supported by Pitblado and Nelson (2013), who 

opined that barrier management was critical in effective process safety management. From a 

psychologist’s perspective, Reason (2000) in the early 90s provided a Swiss Cheese model for 

human error and accident causation. This innovation was highly welcomed, as the increase in 

complexity of installations and cost-cutting by management led to the installation and 

automation of SIS integrated with safety culture promotion, performance indicators and safety 

management (Olive, O’Connor and Mannan 2006). 

It was however suggested by Hollnagel (2009) that human factors ought to be treated in an 

entirely different manner from a technical perspective. From his viewpoint, accidents could not 

be adequately comprehended from a fixed structure that connected components with assumed 

probabilities, like a bowtie. The Efficiency-Thoroughness Trade-Off (ETTO) was also 

introduced to increase efficiency by balancing time constraint factors with various decision-

making scenarios in order to come up with various consequences (Hollnagel and Woods 2006). 

As opposed to the Swiss Cheese model which has a linear causal network, ETTO introduced 

concurrent multiple dependent factors to deal with any non-linearity associated with systemic 

failures (Hollnagel 2009). Consequently, Dinh et al. (2012) proposed resilience engineering as 

a process safety management paradigm that aided in managing complexities under pressure to 

attain operational integrity. Risk assessment is pivotal in predicting all events that could occur, 
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however, there may be uncertainties in these predictions which makes it more imperative for 

these events to be averted vis-à-vis resilience engineering (Costella, Saurin and de Macedo 

Guimarães 2009). It is possible that all potential accident routes could be predicted, but there 

still remains an uncertainty about the frequency of these events due to the non-linearity of their 

factors (Adedigba, Khan and Yang 2016a). Another strong point is the fact that from a technical 

perspective, causation could become less clear, just like a structural fracture at a molecular 

level, which reemphasises the need for resilience engineering as an adequate, timely and 

flexible risk-control measure that would tackle both technical and organisational factors (De 

Rademaeker et al. 2014). Hollnagel (2002) also recommended that the level of effectiveness for 

accident prevention is dependent on how early the underlying causal factors are detected. 

Following the work of Rasmussen and Suedung (2000), Leveson (2011) identified that safety 

within a system emerges from the interactions between the components and their behaviours. 

Consequently, a type of HAZOP methodology called the System-Theoretic Process Analysis 

(STPA) has been developed as a more holistic approach for identifying probable failures of 

complex socio-technical systems (Abdulkhaleq and Wagner 2014). In order to keep a system’s 

hazards and their safety limitations within a safe region, the STPA identified the necessary risk 

controls, their time-frame for application, their hierarchy and their duration (De Rademaeker et 

al. 2014). Its application encompasses the organisational and technical structure of a process 

plant from design, operation, regulation and inspection (Abdulkhaleq and Wagner 2014). 

However, this method does not have the predictive capability of analysing an accident in 

hindsight, but rather acts as a tool to initiate risk assessment (De Rademaeker et al. 2014). 

Nonetheless, it critically highlights that there should be a very close link between process 

control and process safety (Abdulkhaleq and Wagner 2014). Srinivasan and 

Venkatasubramanian (1998) also suggested that the material and information flows in a 

system’s structure could undergo multi-perspective modelling to predict its behaviour under 

abnormal and normal conditions and the impact that it would have on the presumed 

functionality. Consequently, Cameron et al. (2017) created the Blended Hazard Identification 

(BLHAZID) tool as an improved process of hazard identification, which combines a component 

failure-based (Failure Mode and Effect Analysis) and a function failure-based, improved 

HAZOP in the framework of a functional system. Hybrid intelligent predictive tools could aid 

in decision support by providing greater situational awareness for the operator through 

monitoring the risk level of a system in real-time in case of an event, as well as proffering 

suitable mitigations (Muller, Marquez and Iung 2008). This strengthens the claim made by 
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Manca et al. (2013) that process simulation and modelling should be merged with empirical 

methods that are data-driven. It is also believed that this could go a long way in providing 

information for management to help in making decisions, and to enhance the economic 

optimisation of processes (Hollnagel 2002). 

The Bayesian Network (BN) has also been earmarked as a very important tool for designing 

models that simulate cause-effect relationships (Cai et al. 2013). After formulating a causal 

network, the BN uses fuzzy, probabilistic and deterministic quantity values, as well as empirical 

data and physical connections, for diagnostic and predictive analysis while also monitoring any 

uncertainties (García-Herrero et al. 2013). They are in fact argued to be more powerful and 

versatile than Boolean logic diagrams like the bow-tie, event and fault trees, and may as well 

be a hybrid for HAZOP and FMEA (Al-Shanini et al. 2014). As a result, Cameron et al. (2017) 

suggested that more research should be carried out on how to transform BLHAZID causal 

graphs into BNs. BN also has the ability to analyse process safety performance indicators by 

gathering and storing data on variations which would have been lost through other methods 

(Kalantarnia, Khan and Hawboldt 2009). Using expert judgement and stored historical data, 

this method could also help in checking and determining the influence of factors like weather, 

corrosion and management factors on the safety of installations (Pasman and Rogers 2013). 

Pasman and Reniers (2014) suggested that if BN was merged with a methodology that could 

identify risks, suggest adequate mitigations and evaluate trends in the leading and lagging 

indicators for management system performance, process safety could be maintained at a high 

level in the long-term. It is also supported that cost-benefit decision making could be improved 

by the introduction of such a methodology into process safety. Indeed, it is important that 

various PSM systems and their methodologies are integrated to design a holistic PSM 

framework for the oil and gas industry. Also, the root causal factors of accidents which can be 

analysed using these techniques are paramount in establishing the correlation between climate 

change and oil and gas operations. This could aid in establishing a relationship between climate 

change and oil and gas operations. The next section looks at the oil and gas industry in its 

entirety, as well as past, current and future trends and advancements in the sector. 

2.4 Overview of the Oil and Gas Industry 

The past decade has witnessed a significant increase in global energy demand, with USEIA 

(2017) projecting a 28% increase in world energy use between 2015 and 2040. The fastest-

growing energy source is believed to be renewables with an estimated projection of 2.8% 
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increase annually (Mustapa, Peng and Hashim 2010). However, nuclear energy is also poised 

to grow immensely with a predicted 1.5% increase in consumption over the next two decades 

(Belkin 2008). Nonetheless, Goldemberg et al. (2003) argued that fossil fuels could still account 

for over 75% of the global energy consumption during this period. These projections tend to 

suggest that the oil and gas industry, being the major producer of fossil fuels, is invaluable to 

the global energy market (Shahriar, Sadiq and Tesfamariam 2012). Wang et al. (2014) 

suggested that the high rate of urbanisation and industrialisation has made it imperative to meet 

these demands, thus placing huge responsibility on key energy players such as the oil and gas 

industry to meet these demands. The oil and gas industry consists of diverse operations 

including the exploration, drilling, production, transportation, distribution, refining and 

marketing of petroleum products (O’Dea and Flin 2001). There are three major sectors within 

the oil and gas industry where these activities are carried out, which are the upstream, midstream 

and downstream sectors (Shuen, Feiler and Teece 2014). Integrated oil and gas companies such 

as Chevron Texaco, Royal Dutch Shell and ExxonMobil combine the activities of the upstream, 

midstream and downstream sectors (Spence 2011). Independent oil and gas companies such as 

Murphy, ConocoPhillips, Phillips66, Sunoco and Anadarko operate solely either in the 

upstream or downstream sector (Carmody 2016). Companies like Schlumberger, Halliburton 

and Baker Hughes are oil service companies which provide products, equipment, labour and 

services to these oil and gas operators (Rocha and Ruiz 2011). Other companies that are 

involved in oil and gas activities include equipment manufacturers and security companies that 

safeguard the assets and products within the industry (Aigboduwa and Oisamoje 2013). These 

various categories of oil and gas companies work together to ensure the smooth running of 

operations and activities within all sectors of the industry (Shuen, Feiler and Teece 2014). 

The upstream sector is also known as the exploration and production sector, which involves 

exploiting crude oil and natural gas reserves (Niven and McLeod 2009). These reserves are 

usually located either in onshore (land) or offshore (water) regions, with each location 

informing the choice and selection of applicable drilling techniques and infrastructure (Singh 

et al. 2010a). Recent developments have seen a significant shift towards unconventional gas 

production such as shale plays which apply modern extraction technologies with higher 

hydrocarbon recovery potential (Uliasz-Misiak, Przybycin and Winid 2014). The major facility 

used in the upstream sector is the drilling rig which comprises the power system (diesel engine 

generators), rotary system (drill string, rotary drive, swivel), circulation system (mud pumps, 

mud pits, shale shakers), hoisting system (derrick, crown block, drilling line, draw works) and 
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well control system (blowout preventer, pressure gauges) (Mathisen and Bergh 2016). Reader 

and O’Connor (2014) have asserted that the complexity of this equipment makes this sector 

extremely high-risk and it is mandatory for sufficient safety standards to be upheld at every 

operational phase. An analysis by IOGP (2017) from 2010 to 2016 revealed that the highest 

number of fatal incidents and fatalities in the oil and gas industry within this period occurred 

during drilling and production activities. As illustrated in Figure 2.3, notable fatal accidents that 

have occurred in this sector include the Alexander Kielland rig collapse in 1980, the Piper Alpha 

disaster in 1988 and the BP Deepwater Horizon blowout in 2010. However, Nkwocha (2014) 

opined that multinational oil and gas companies operating in developing countries have failed 

to comply with international process safety standards as they would normally do when 

operating in countries with effective process safety regulations. However, the BP Deepwater 

Horizon disaster and the BP Texas City refinery explosion offer a different viewpoint in that 

they occurred in the UK and the USA; two countries with the best process safety regulations 

(Ismail et al. 2014). Notwithstanding, Tombs and Whyte (2013) argued that companies who 

perpetrate acts of negligence leading to accidents in countries such as the UK and the USA are 

more likely to face the full consequences from criminal and civil perspectives as opposed to 

developing countries. This is buttressed by the BP Deepwater Horizon disaster where BP has 

had civil fines of over $60 billion to date (Theophilus et al. 2018). 

 

Figure 2. 3. Oil and gas accident trends from 1971 to 2012 adapted from IOGP (2010) 
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The transportation, storage and marketing of crude or refined petroleum products take place in 

the midstream sector (Zhang et al. 2016). Transportation is usually done by oil trucks/tankers, 

barges, rail or pipelines (Konersmann, Kühl and Ludwig 2009). These various means of 

transportation can be used to distribute crude oil from onshore or offshore locations to 

refineries, as well as transporting refined products to distributors in the downstream sector 

(Osoro, Muturi and Ngugi 2015). Some elements of the midstream sector cut across the 

upstream and downstream sectors such as purifying natural gas in processing plants and the 

production of natural gas liquids in the refinery (Thomson, Corbett and Winebrake 2015). 

Companies that fall under this category include terminal operators, logistics companies, 

pipeline transport companies, trucking and hauling companies, railroad companies and barge 

companies (Abdolhamidzadeh et al. 2011). Also, due to the extreme risks involved with 

transporting these hazardous petroleum products, Yeo et al. (2016) advised that appropriate 

conditions should be considered based on the type of product to be transported. Silvestre et al. 

(2016) highlighted reports from the US Department of Energy (DOE) which revealed that crude 

oil spills from pipelines and vessels into US coastal waters amounted to over 4.9 million barrels 

of crude oil annually. Some notable accidents in the midstream sector during transportation or 

storage operations are highlighted in Table 2.4. 

Table 2. 4. Major accidents in the midstream oil and gas sector 

Event Year Description Consequence Reference 

Torrey Canyon Oil 

Spill, UK 

1967 Ship collision with 

reef 

25-36 million gallons of crude oil 

spilled killing over 15,000 sea 

birds and aquatic species 

(Peterson et al. 

2003) 

Sea Star Oil Spill, 

Gulf of Oman 

1972 Head-on collision 

between two tankers 

35.3 million gallons of crude oil 

spilled 

(Hoffman and 

Devereaux Jennings 

2011) 

Amoco Cadiz Oil 

Spill, France 

1978 Storm resulting to 

ship destruction 

69 million gallons of oil spilled (Oudot and Chaillan 

2010) 

Atlantic Empress 

Oil Spill, Trinidad 

and Tobago 

1979 Storm causing 

collision of two oil 

tankers 

90 million gallons of oil spilled (Schmidt-Etkin 

2011) 

Castillo de Bellver 

Oil Spill, South 

Africa 

1983 Explosion and 

sinking of ship 

79 million gallons of oil spilled (Altwegg et al. 

2008) 

Nowruz Oil Field 

Spill, Iran 

1983 Tanker collision with 

oil platform 

80 million gallons of oil spilled (Kostianoy and 

Lavrova 2014) 

Kolva River Oil 

Spill, Russia 

1983 Pipeline leak for long 

periods 

84 million gallons of oil spilled (Kostianoy and 

Lavrova 2014) 

Bhopal Disaster, 

India 

1984 Gas leak from storage 

plant 

Over 3700 deaths and 550,000 

injuries  

(Gupta 2002) 

Odyssey Oil Spill, 

Canada 

1988 Tank explosion and 

sinking 

40.7 million gallons of oil spilled 

into ocean 

(Huijer 2005) 
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Table 2.4. (Continued) Major accidents in the midstream oil and gas sector 

Event Year Description Consequence Reference 

M/T Haven Tanker 

Oil Spill, Italy 

1991 Tank explosion and 

sinking 

6 fatalities and 45 million gallons 

of oil spilled 

(Kostianoy and 

Lavrova 2014) 

ABT Summer Oil 

Spill, Angola 

1991 Ship explosion 32 fatalities and 51-81 million 

gallons of oil spilled 

(White and  Molloy I 

2003) 

Arabian Gulf, 

Kuwait 

1991 Gulf War between 

Iraq and USA 

380-520 million gallons of oil 

released into the ocean 

(Bejarano and 

Michel 2010) 

Lac-Megantic rail 

disaster 

2013 Train derailment on 

rail track 

47 fatalities and destruction of 

over 30 buildings 

(TSB 2014) 

The downstream oil and gas sector involves activities such as crude oil refining and natural gas 

processing (Fabiano and Currò 2012). It also comprises the distribution and marketing of 

petroleum products obtained from natural gas and crude oil (USEIA 2017). These products 

include liquefied petroleum gas, natural gas, asphalt, waxes, lubricants, fuel oils, heating oil, 

diesel oil, jet fuel, kerosene, petrol and other petrochemicals (Fahim, Al-Sahhaf and Elkilani 

2009). However, some studies tend to suggest that the downstream sector also encompasses 

certain midstream operations such as transportation and storage (Chettouh, Hamzi and 

Benaroua 2016). In the United States, the largest oil refining companies include Royal Dutch 

Shell, Andeavor, Phillips 66, ExxonMobil, the Marathon Petroleum Corporation and Valero 

Energy (Oil and Gas Club 2016). However, on a global scale, the top 15 world’s largest 

refineries are highlighted in Table 2.5. Just like the upstream and midstream sectors, the high-

risk activities in the downstream sector have led to several major accidents with severe 

consequences to lives and property (Fabiano and Currò 2012). Notable accidents in this sector 

include the San Juanico disaster in 1984 which killed approximately 600 people and injured 

7,000; the Shell Oil refinery explosion in 1988 which killed 7 workers and injured 42; the BP 

Texas City Refinery explosion that killed 15 people and injured 180; and the Buncefield oil 

storage terminal fire in 2005, recorded as Europe’s biggest peacetime explosion with damages 

of over £750 million (Vidusha et al. 2018). 
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Table 2. 5. The 15 largest oil refineries in the world adapted from the Oil and Gas Club (2016) 

No Name of Refinery Location Barrels per day 

1 Jamnagar Refinery (Reliance Industries Ltd) Gujarat, India 1,240,000 

2 Paraguana Refinery Complex (PDVSA) Paraguana, Falcon, 

Venezuela 

940,000 

3 SK energy Co., Ltd Ulsan Refinery (SK 

Energy) 

Ulsan, South Korea 850,000 

4 Ruwais Refinery (Abu Dhabi Oil Refining 

Company) 

Ruwais, UAE 817,000 

5 GS Caltex Yeosu Refinery (GS Caltex) Yeosu, South Korea 730,000 

6 S-Oil Onsan Refinery (S-Oil) Ulson, South Korea 670,000 

7 ExxonMobil Singapore 605,000 

8 Port Arthur Refinery (Motiva Enterprises) Port Arthur, Texas, USA 600,250 

9 Baytown Refinery (ExxonMobil) Bayton, TX, USA 560,500 

10 Ras Tanura Refinery (Saudi Aramco) Saudi Arabia 550,000 

11 Garyville Refinery (Marathon Petroleum) Garyville, LA, USA 539,000 

12 Baton Rouge Refinery (ExxonMobil) Baton Rouge, LA, USA 502,500 

13 Abadan refinery (NIOC) Abadan, Iran 450,000 

14 SAMREF (Aramco Mobil Refinery) Yanbu, Saudi Arabia 405,000 

15 Shell pernis (Royal Dutch Shell) Rotterdam, The 

Netherlands 

416,000 

The statistics evident in the various sectors of the oil and gas industry show that this industry 

comprises high-risk activities; which if not properly managed could lead to devastating 

consequences for lives and property (Kim et al. 2012). Hence, it is imperative to design an 

adequate PSM system that can manage these complex processes across all sectors of the oil and 

gas industry (Shin 2013). It is pertinent to note that PSM systems were available at the various 

times of these catastrophic events highlighted in the upstream, midstream and downstream 

sectors (Mohd Shariff, Abdul Aziz and Abdul Majid 2016). However, they failed to stop these 

catastrophic events from reoccurring in later times; thus, suggesting possible loopholes to be 

addressed in these PSM systems (Bridges and Tew 2010). Therefore, this study will seek to 

design a robust PSM system that can address the current gaps in existing PSM systems in order 

to enhance integrity in oil and gas assets, operations and personnel. 

2.5 Accident Trends and Causal Factors in the Oil and Gas Industry 

Globally, the oil and gas industry is considered to be among the most hazardous of work 

environments (Deacon et al. 2013). Luo and Shin (2016) claimed that over 2,000 fatalities were 

caused every year by maritime accidents which involve oil and gas freight operations. Sarshar 

et al. (2015) asserted that these accidents were triggered by technical, human, organisational 

and environmental factors. Although the number of accidents has reduced over the years due to 

technological advancements, there has been a huge increase in their consequences and severity 

(Niven and McLeod 2009). Okoh and Haugen (2014) attributed over 40% of these process 
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accidents to inadequate maintenance. However, Reniers et al. (2011) argued that over 90% of 

process accidents were triggered by human error. Storage operations accounted for over 30% 

of these accidents, while processing events led to over 40% (Calvo Olivares, Rivera, and Núñez 

Mc Leod 2014). However, Darbra et al. (2010) opined that 28% of process accidents were 

caused by process plants, 35% by storage operations, 29% by mechanical failures and 31% by 

extreme weather events. Alternatively, Ismail et al. (2014) argued that 15% of process accidents 

were caused by bad weather events, 46% by blowouts and 11% by structural collapses. 

Nivolianitou et al. (2006) highlighted a review by the Major Accident Reporting System 

(MARS) from 1987 to 2000. The findings suggested that about 44% of accident cases in Europe 

were recorded in the transport sector, with collisions among ships and other marine and land 

vessels accounting for over 31%. Oil and gas facilities were responsible for 19% of accidents 

during this time, where failures in fired process equipment, compressors and pumps were all 

identified during accident investigations, while storage facilities like pressurised storage vessels 

led to 15% of accidents in the oil and gas industry. However, analysis of the domino effects 

showed that external factors like high winds, external explosions and external fires led to about 

28% of accidents. Alternatively, 21% was caused by human factors due to failures in design 

and operational procedures. Based on accident classification, it was discovered that accidental 

releases accounted for 51% of process accident types, where 44% were fires, 36% were 

explosions and 12% were attributed to gas clouds.  

The 2016 Key Performance Indicator (KPI) report by IOGP (2017) revealed a trend of accidents 

in the oil and gas industry from 2007 to 2016. As illustrated in Figure 2.4, the number of fatal 

accidents has reduced drastically over the years. While 54 fatalities were recorded in 40 

accidents in 2015, 50 fatalities were witnessed in 29 accidents in 2016. These results reveal 

therefore that the fatal accident rate (FAR) has increased by 1.5 in 2015 and 1.7 in 2016. This 

infers that more fatalities occurred in fewer accidents in 2016 than in 2015, thus drawing 

attention to the safety measures that ought to be in place across these oil and gas facilities. 
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Figure 2. 4. Fatal accident trends in the oil and gas industry from 2007 to 2016 adapted from IOGP (2017) 

A study by Tokarski (2013) revealed that over 30% of major accidents experienced in the oil 

and gas industry were triggered by inadequate maintenance. DeWolf (2003) also asserted that 

piping failures and chemical releases due to poor maintenance were predominant causal factors 

of 38% of accidents in the Netherlandish petroleum industry. The Norwegian Shelf has also 

witnessed over 242 storage tank accidents which can be attributed to poor maintenance and 

operations (Skalle, Aamodt and Laumann 2014). Nonetheless, Darbra et al. (2010) argued that 

external factors like sabotage, design flaws, equipment malfunction, earthquakes and climate 

change events like flooding and high temperatures should not be overlooked. A study by Ismail 

et al. (2014) suggested that the major reason why offshore accidents kept occurring was due to 

poor asset integrity, as well as inadequate operational discipline and staff training. Knegtering 

and Pasman (2009) supported this claim by asserting that although accidents could be stochastic 

and unpredictable in nature, the causal factors of most of these accidents in the oil and gas 

industry tended to be similar. Singh et al. (2010) suggested that a possible reason was the failure 

to properly learn and benchmark from previous accidents. Consequently, Skalle et al. (2014) 

opined that integrating human causal factors with technical factors could help in ascertaining 

the root causes of accidents. During a research by Norazahar et al. (2014) on the BP Deepwater 

Horizon accident in 2010, it was discovered that inadequate emergency preparedness, unsafe 

environments, the physical abilities of the workers and poor communication all highlighted 

human and organisational failures. While Lees (2012) suggested that incompetence was not 
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solely a causal factor of oil and gas accidents, Lindøe et al. (2011) opined that accident statistics 

differed across the various sectors in the oil and gas industry. This claim was buttressed by 

IOGP (2017) in their 2016 KPI report, where the upstream, midstream and downstream sectors 

had distinct accident causal factors and rates. The various sectors in the oil and gas industry 

including exploration, drilling, production and construction were all analysed. Results revealed 

that in the last 5 years, the exploration sector had experienced the highest FAR of 2.9 per 100 

million hours worked. Further analysis showed that in 2016, Europe recorded the highest FAR 

of 5 per 100 million hours worked. These statistics reiterate the importance of developing a 

proper PSM system with an efficient implementation strategy for the oil and gas industry. 

2.6 Overview of Models of Accident Causation 

Several models have been developed in order to understand the causal factors of accidents, as 

Hosseinian and Torghabeh (2012) have suggested that this is the first step to accident prevention 

or mitigation. However, Al-Shanini et al. (2014) argued that accidents were triggered by certain 

factors despite their minor or major scenarios and there was no such phenomenon as an 

accidental accident. Lund and Aarø (2004) asserted that a combination of failures would lead 

to an accident, while Kujath et al. (2010) highlighted the interactive and multifaceted nature of 

accident causal factors. Accident causation models have promulgated over the years and have 

been updated according to the increasing complexity of risks in various industries. These 

models of accident causation are summarised in Table 2.6. 

Table 2. 6. Models of accident causation. 

Accident 

causation 

model 

Theoretical framework of accident causation 

model 

References 

Heinrich’s 

domino theory 

The social environment influences an individual to 

carry out an unsafe act which could cause an accident 

and potentially an injury 

Sabet et al. (2013) 

Hosseinian and Torghabeh (2012) 

Abdolhamidzadeh et al. (2012) 

Ezlina (2013) 

ILCI loss 

causation model 

Bird and Loftus designed an upgrade to the Heinrich 

model in 1974 to include losses in terms of wastage, 

production and property damage; as well as 

organisational and management factors 

Kjellén (2000) 

Chandimal (2014) 

Human factors 

theory 

The human factors theory focuses on accidents 

involving series of events caused mainly by human 

error such as overload, inappropriate response and 

inappropriate activities 

Rich (2015) 

Leveson (2004) 

Reinach and Viale (2006) 

Salvendy (2012) 

Accident/ 

Incident theory 

This theory was developed by Dan Petersen as an 

appendage to the human factors theory. It includes 

factors such as ergonomic traps, decision to err and 

systemic failures 

Reinach and Viale (2006) 

Guldenmund (2000) 

Wright and van der Schaaf (2004) 

Gibb et al. (2006) 
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Table 2.6. (continued) Models of accident causation. 

Accident 

causation 

model 

Theoretical framework of accident causation 

model 

References 

Epidemiological 

theory 

The causal relationships between environmental 

factors and accidents are observed using 

predisposition characteristics such as tendencies and 

situational characteristics such as risk taking, poor 

attitude and peer pressure 

Hollnagel (2002) 

Attwood et al. (2006) 

Rich (2015) 

 

Systems theory The complex interactions between the person, 

machine and environment are underpinning principles 

of the systems theory 

Gutiérrez (2010) 

Leveson (2004) 

Suraji et al. (2001) 

Combination 

theory 

This theory attempts to combine different accident 

causation models to develop a holistic and robust 

approach to accident investigation and prevention 

Katsakiori et al. (2009) 

Qureshi et al. (2016) 

Hosseinian and Torghabeh (2012) 

Behavioural 

theory 

It operates on the tenets of worker behaviour, 

behavioural improvement, employee incentives, 

worker enlightenment, scientific techniques for better 

behaviours, removing mental barriers and considering 

worker feelings during decision-making 

Anderson (2005) 

Swiss-cheese 

model 

There are usually latent and underlying factors 

associated with active causal factors leading up to 

accidents including unsafe acts, preconditions for 

unsafe acts, unsafe supervision and organisational 

influences 

Reason (2000) 

Katsakiori et al. (2009) 

 

HFACS 

framework 

This framework expands the Reason’s Swiss Cheese 

model to include sub-categories under unsafe acts, 

preconditions for unsafe acts, unsafe supervision and 

organisational influences 

Shappell et al. (2007) 

Shappell and Wiegmann (2012) 

Aas (2008) 

HFACS (2014) 

 

 

As seen in the various accident causation models, it can be deduced that there has been a 

paradigm shift from technical safety to human errors, then to a management focus (De 

Rademaeker et al. 2014). However, Hudson (2001) suggested that the last two decades have 

witnessed the introduction of concepts such as human factors, safety management systems and 

safety culture as drivers for process safety. Arguably, human factors of accident causation have 

been more prioritised in addressing process safety issues in recent years (Gambetti, Casalli and 

Chisari 2012). However, Bridges and Tew (2010) asserted that interactions between people, 

plants and procedures should be considered during the design of PSM systems for best practice. 

Consequently, Theophilus et al. (2018) have integrated human factors into their PSM system to 

cater for all the missing human factor elements in previous PSM systems. However, certain 

factors such as the impact of climate change on oil and gas operations were not considered. 

Hence, this study aims at addressing the flaws within PSM systems by examining the impacts 

that climate change could pose on the complex interactions of people, plants and procedures 

within the oil and gas environment. The importance of human factors in process safety 

management is discussed in detail in the next section. 
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2.7 Human Factors and Process Safety Management 

The interaction of psychological, situational and behavioural factors are evidently highlighted 

in accident causation models (Meghann 2016). Human factors are defined as the relationships 

between people, together with environmental, organisational and job factors which negatively 

affect work behaviour and undermine safety (Al-Shanini, Ahmad and Khan 2014). Similarly, 

Olive et al. (2006) portrayed human factors as an embodiment of psychological, behavioural, 

organisational, technical, environmental and job factors. Therefore, this provides a basis for 

designing a PSM system that can address each of these factors in order to enhance process 

safety. 

Lees (2012) suggested that the major causes of accidents in the process industries were human 

factors, while organisational and technical factors also made up the numbers. However, Skalle 

et al. (2014) argued that in recent times, more focus had been placed on organisational factors 

than technical factors. A study by Olive et al. (2006) revealed that human factors had caused 

over 70% of accidents in the offshore oil and gas industry while less than 30% had been 

triggered by technical failures. Nonetheless, Norazahar et al. (2014) opined that accidents were 

mostly triggered by more than one causal factor but that some studies might tend to place 

emphasis on particular factors. Deacon et al. (2013) buttressed this claim by asserting that 

human error was commonly evident in most offshore accidents. Similarly, Cai et al. (2013) 

reiterated that human factors were present in most fatal offshore accidents irrespective of the 

other causal factors associated with them. Consequently, Cox and Cheyne (2000) proposed that 

human factors such as safety culture and management commitment should be incorporated into 

the PSM systems of organisations. Hu and Yi (2016) suggested that communication flaws, a 

poor chain of command, incompetent personnel and a lack of management commitment were 

predominant factors that could lead to offshore accidents. Norazahar et al. (2014) stressed that 

human factors were present in minor, major or catastrophic incidents involving failures in 

emergency equipment, evacuation procedures, personnel errors or organisational flaws. This 

shows that human factors are major components of PSM systems, hence the reason why 

Theophilus et al. (2018) integrated them into their framework design.  

Cai et al. (2013) suggested that there are various reliable and robust approaches for assessing 

human reliability such as the Bayesian Network (BN), Reason’s Swiss Cheese model, the 

HFACS model, the systems-theoretic accident model, as well as the process and success 

likelihood index method. Nonetheless, Cacciabue (2013) argued that there was a looming 
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concern over a holistic PSM model that could adequately tackle human factors. Likewise, 

Norazahar et al. (2014) stressed that human factors were not formally addressed by most PSM 

systems, whereas they adopted a traditional process hazard analysis approach to tackle human 

factors. One PSM model that tries to addresses human factors using its implementation strategy 

is the DuPont PSM model which categorises its PSM elements under technology, personnel and 

facilities (Stanton, Salmon and Rafferty 2013). Skalle et al. (2014) identified operational 

discipline as the main driver central to the success of the DuPont model. Furthermore, 

Lutchman et al. (2013) opined that operational discipline and safety management systems 

worked together to ensure effective health and safety standards in every organisation. DuPont 

(2010) asserted that operational discipline was exhibited when every member of an organisation 

was intrinsically dedicated and committed to carry out operations in the proper way, each time. 

Bridges and Tew (2010) stressed that human factors were not adequately addressed by existing 

PSM frameworks, as seen in Table 2.7. Following the BP Texas refinery fire in 2005, the US 

Chemical Safety Board (CSB) urged that more attention should be given to human factors by 

the US OSHA (Murray 2015). The human factors that caused the fire and explosion included 

worker fatigue, no chain of command, poor ergonomics, poor operating procedures and a lack 

of communication when handing over shifts (Holmstrom et al. 2006). Moore (2003) suggested 

that hazard operability (HAZOP) could be useful in carrying out process hazard analysis which 

could help in identifying human factors of accident causation. Also, Salvendy (2012) 

recommended the Human Factor Task Analysis (HFTA) as an approach that could enhance 

human performance levels, assess integrity levels of assets, prioritise risks, analyse process 

hazards, conduct interviews and examine facilities and operations. Moore (2003) also 

recommended Human Factors Procedures (HFPRO) as useful tool for assessing training and 

operational procedures. However, Kaszniak (2010) reiterated that in-depth process hazard 

analysis should be conducted on process systems together with any human factor analysis 

method being implemented. Consequently, Hopkins (2011) posited that top priority should be 

accorded to risks that are more probable to be triggered by human factors. 
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Table 2. 7. Human factors addressed in various PSM systems adapted from Bridges and Tew (2010) 

US OSHA PSM Program AIChE/CCPS RBPS Standard Responsible Care Process Safety 

Code (RCPSC) 

Management System Commitment to Process Safety Management Leadership 

Employee Participation  Process Safety Culture * Commitment * 

Process Safety Information Compliance with Standards Accountability * 

Process Hazards Analysis * Process Safety Competency Performance Measurement 

Operating Procedures * Workforce Involvement * Incident Investigation 

Training * Stakeholder Outreach Information Sharing 

Contractors Understand Hazards and 

Evaluate Risk 

CAER Integration 

Pre-Startup Safety Reviews Process Knowledge Management Technology 

Mechanical Integrity Hazard identification and Risk 

Analysis 

Design Documentation 

Hot Work Permit Manage Risk Process Hazard Information 

Management of Change Operating Procedures * Process Hazard Analysis 

Incident Investigation Training and Performance * Management of Change 

Emergency Planning and Response Safe Work Practices Facilities 

Compliance Audits Asset Integrity and Reliability Siting 

Trade Secrets Contractor Management Codes and Standards 

 Management of Change Safety Reviews 

 Operational Readiness * Maintenance and Inspection 

 Conduct of Operations * Multiple Safeguards * 

 Emergency Management Emergency Management 

 Learn from Experience Personnel 

 Incident Investigation Job Skills * 

 Measures and Metrics Safe Work Practices 

 Auditing Initial Training * 

 Management Review and 

Continuous Improvement 

Employee Proficiency 

  Fitness for Duty * 

  Contractors 

N/B: - * represents the elements of each PSM system that addresses human factors 

2.8 Health and Safety Laws, Regulations and Standards in the Oil and Gas 

Industry 

Since the promulgation of the EU Seveso Directive and the US OSHA PSM standard over two 

decades ago, hundreds of fatalities are still recorded globally due to chemical process accidents. 

The question posed in the minds of many has been how to eliminate these accidents, why 

mistakes are still being made by people and why the past accidents have not created enough 

lessons to be learned (Kaszniak 2010). There has actually been an improved level of scientific 

research in the field of process safety during recent times, however, there is still a huge doubt 

that adequate learning is being achieved from reported incidents (Goh, Tan and Lai 2015). 

Jacobsson et al. (2011) suggested that most companies had no structured method for addressing 

issues arising from their incident reports and that this was the stage at which most companies 

and organisations stopped their learning processes. It was also argued that apart from learning 

individually, it should be incorporated into all levels including authority, sector and 

organisational (Leveson 2011). This was typical of the BP Texas refinery fire, where 
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investigation reports by the Baker Panel revealed that there were already highlighted process 

safety failings from previous accident reports on the same site (Mac Sheoin 2010). However, 

these were ignored due to organisational lapses from leadership, decentralisation, incentives, 

cost cutting and safety management (Khan and Amyotte 2007). A major way through which 

process safety can be improved is by the implementation of firm regulations (Kwon 2006). 

However, in some countries and industries, there are variations in the levels of strictness of 

these regulations (Graham and Woods 2006). National legislations on process safety are 

discussed in the next section, with an emphasis placed on the health and safety regulatory 

frameworks of the United Kingdom, USA, Norway and China. 

2.8.1 National Legislations on Process Safety 

2.8.1.1 The United Kingdom 

In the UK, health and safety is observed as a tradition which dates back over 150 years (Inge 

2007). However, the current UK health and safety regulations have been in existence since the 

early 1970’s starting with the Health and Safety at Work Act (HSW Act) 1974 (Hughes and 

Ferrett 2003). This act provides an integrated institutional arrangement and legal framework for 

health and safety legislation (HSE 2017c), hence preceding the enactment of other health and 

safety regulations as seen in Table 2.7. The Health and Safety Executive (HSE) is the major 

regulator and enforcer of these regulations in various industries such as the chemical, 

petroleum, mining, agricultural, finance, nuclear, manufacturing and medical industries (Tombs 

and Whyte 2013). The Management of Health and Safety at Work Regulations 1999 typify the 

flexible health and safety regulatory system in the UK and provide implementation strategies 

to meet the provisions of the HSW Act (UKHSE 2013).  

The Seveso Directive 82/501/EC was promulgated after the Seveso disaster in 1976, an 

industrial accident in a chemical manufacturing plant in Italy which killed over 3,000 animals 

and affected the health of over 400 people (Zio and Aven 2013). It was enacted to improve the 

safety of hazardous sites with dangerous substances and high-risk activities (Hudson 2001). In 

1996, the Seveso II Directive 96/82/EC replaced the Seveso Directive (Salvi and Debray 2006). 

However, in 2012, the Seveso III Directive 2012/18/EU was enacted to update the Seveso I and 

II Directives by establishing safety permits and minimum quantity thresholds for reporting 

(Khan and Hashemi 2017). It requires certain documents including the Seveso Safety Report, 

Major Accident Prevention Policy (MAPP) and notification to be presented to the national 

chemical safety authorities (Shin 2013). Consequently, the Control of Major Accident Hazards 
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(COMAH) Regulations 1999 was amended in 2015 to implement the full provisions of the 

Seveso III Directive (UKHSE 2015). Another process safety regulation which regulates the 

production, handling and use of chemicals, as well as their impacts on health and the 

environment is Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) 

(Bergkamp 2013). It established a European Chemicals Agency (ECHA) and came into full 

force in 2007. As well as other health and safety regulations, Table 2.8 highlights some major 

health and safety regulations which are necessary to ensure the integrity of safety and the 

integrity of oil and gas operations in offshore regions. One such regulation is the Offshore 

Installations (Safety Case) Regulations 2005, which mandates all offshore oil and gas operators 

in the UK North Sea to submit a safety case document to the HSE detailing their activities and 

measures that have been applied to minimise any risks from major accident hazards (UKHSE 

2006). 

Table 2. 8. Health and safety regulations in the UK adapted from HSE (2017a) 

Regulations Year 

Six Pack Regulations  

Health and Safety (Display Screen Equipment) Regulations 1992 

Personal Protective Equipment at Work Regulations 1992 

Workplace (Health, Safety and Welfare) Regulations 1992 

Manual Handling Operations Regulations 1992 

Provision and Use of Work Equipment Regulations 1998 

Management of Health and Safety at Work Regulations 1999 

Offshore Oil and Gas Regulations  

Offshore Installation and Pipeline Works (Management and Administration) Regulations 1995 

Offshore Installations (Prevention of Fire, and Explosion, and Emergency Response) Regulations 

(PFEER) 

1995 

Offshore Installations and Wells (Design and Construction) Regulations 1996 

Lifting Operations and Lifting Equipment Regulations (LOLER) 1998 

Control of Substances Hazardous to Health (COSHH) 2002 

Additional Regulations  

Safety Representatives and Safety Committees Regulations 1977 

Dangerous Substances in Harbour Areas Regulations 1987 

Noise at Work Regulations 1989 

Electricity at Work Regulations 1989 

The Confined Spaces Regulations 1997 

Lifting Operations and Lifting Equipment Regulations 1998 

Ionising Radiations Regulations 1999 

Transport of Dangerous Goods (Safety Advisers) Regulations 1999 

The Radiation (Emergency Preparedness and Public Information) Regulations 2001 

Control of Lead at Work Regulations 2002 

Chemicals (Hazard Information and Packaging for Supply) Regulations 2002 

The Work at Height Regulations 2005 

Control of Vibration at Work Regulations 2005 

The Control of Noise at Work regulations 2005 

The Control of Asbestos regulations 2012 

Reporting of Injuries, Diseases and Dangerous Occurrences Regulations 2013 

Control of Major Accident Hazards Regulations 2015 

The Construction (Design and Management) Regulations 2015 
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2.8.1.2 The United States 

After the Deepwater Horizon spill in 2010, the United States recognised a regulatory failing in 

the structure of the Minerals Management Service (MMS) (Skogdalen, Utne and Vinnem 2011). 

According to BSEE (2017),  the United States split the MMS in May 2010 to achieve its three 

key objectives in ensuring environmental sustainability from offshore oil and gas operations: - 

• Ensure that the Outer Continental Shelf (OCS) undergoes responsible and balanced 

energy resource development 

• Ensure that exploration and production are environmentally responsible and safe, and 

that applicable regulations and rules are enforced 

• Ensure that taxpayers receive a fair return from disbursement activities, revenue 

collection and offshore royalty 

Consequently, the Bureau of Ocean Energy Management, Regulation and Enforcement 

(BOEMRE) was formed in June 2010 to properly define the scope of the organisation’s 

objectives (Bratspies 2011). However, due to the conflicting missions of maximising revenues 

from offshore activities, enforcing safety regulations and promoting resource development, it 

was almost impossible for the newly formed body to keep pace with the challenges associated 

with offshore operations (BOEM 2017). Consequently, three independent agencies were 

formed and individually assigned to each of these three key roles (Bratspies 2011). The Office 

of Natural Resources Revenue (ONRR) was formed in October 2010 to assume the 

responsibility of revenue collection (ONRR 2017). The Bureau of Ocean Energy Management 

(BOEM) was created in October 2011 to manage the development of offshore resources in a 

way that could promote environmental and economic sustainability (BOEM 2017). Finally, the 

Bureau of Safety and Environmental Enforcement (BSEE) was formed for the purpose of 

enforcing environmental and safety regulations (BSEE 2017). This separation aided in 

distinguishing safety oversight from resource management, while providing a framework that 

guaranteed robust environmental analyses (BOEM 2017). Since its inception in 2013, the BSEE 

has made the reporting of equipment failure data in the OCS mandatory, while in July 2016, 

the finalised Well Control Rule was enacted to prevent any other well control incidents like 

Deepwater Horizon from reoccurring (BSEE 2017). Recently, in 2016, the National 

Aeronautics and Space Administration (NASA) went into a five-year agreement with BSEE to 

assist them with developing their own probabilistic risk assessment (PRA) technique (Canales 

2016). 
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There are two major organisations that regulate process safety at the federal level. They are the 

Environmental Protection Agency (EPA) as well as the Occupational Safety and Health 

Administration (OSHA) (CSB 2017). The EPA was created by the US government in 1970 to 

protect the environment and human health through the enforcement of enacted regulations (US 

EPA 2013). It regulates process safety through its Risk Management Plan (RMP) rule (40 CFR 

68) in order to enhance the health and safety of the community (Ufner and Igleheart 2017). This 

rule enforces Section 112(r) of the 1990 Clean Air Act amendments, which advises facilities 

handling hazardous substances to develop a RMP (US EPA 2013). It was recently amended in 

January 2017 (US EPA 2017b). The OSHA PSM programme (29 CFR 1910.119) was created 

in 1992 in response to the Bhopal disaster in India that caused over 2,000 fatalities (OSHA 

2017). It was introduced to minimise risks to employees by providing information on how to 

manage hazardous processes involved with handling hazardous chemicals (Luo 2010). It 

integrates management practices, procedures and technologies to set up standards for the 

construction and general industries (Majid et al. 2016). The US OSHA have set up a Small 

Business Regulatory Enforcement Fairness (SBREFA) panel in order to get feedback on 

possible revisions for the OSHA PSM programme (OSHA 2017). However, after a series of 

investigations by the US (CSB 2017), about 26 recommendations have been made to both the 

EPA and OSHA to increase the effectiveness of their PSM programs. This is illustrated in Table 

2.9. 

Table 2. 9. Recommendations from investigation reports to EPA RMP and OSHA PSM Programme (CSB 

2017) 

Investigation reports EPA RMP recommendations OSHA PSM program 

recommendations 

2000: Improving 

Reactive Hazard 

Management Study 

2001: Motiva Refinery 

Investigation Report 

2005: BP Texas City 

Investigation Report 

2010: Tesoro Anacortes 

Investigation Report 

2011: Donaldson 

Enterprises, Inc. Fatal 

Fireworks Disassembly 

Explosion and Fire 

2012: Chevron 

Richmond Refinery Fire 

Interim and Regulatory 

Reports 

2013: West Fertilizer 

Explosion and Fire 

Inclusion of ammonium nitrate, high and 

low explosives, and reactive chemicals as 

regulated substances 

Increase the reporting and development of 

alternate case and worse case scenarios 

Add new elements to the RMP rule such as 

making information public, contractor 

oversight and selection, automated 

monitoring and detection, as well as 

attributes of goal-setting regulatory 

methods for petroleum refineries 

Inclusion of oil and gas sector, as well 

as reactive chemicals in the scope of the 

program 

Provision of stop work authority to 

employees 

Process hazard analysis element should 

be updated to encompass adequate and 

sufficient safeguards, damage 

mechanism hazard reviews, hierarchy 

of controls, documentation of 

inherently safer systems (ISS) use. 

Requirements for human factors and 

process/facility siting should be 

developed 

Local emergency response authorities 

should be made familiar of covered 

facility emergency plans 

Third-party compliance audits should 

be permitted 
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2.8.1.3 Norway 

The safety regulations in Norway are broadly divided into health, safety and environmental 

(HSE) regulations, as well as working environment regulations (PSA 2017). The HSE 

regulations aid in specifying and integrating HSE regulations in offshore and onshore oil and 

gas facilities, which are enforced by various regulatory authorities (Mendes et al. 2014). The 

Ministry of Labour issues various regulations under the Norwegian Working Environment Act 

which are enforced by the Norwegian Labour Inspection Authority (Hunter 2014). Table 2.10 

shows the HSE and Working Environment regulations that have been instituted in the 

Norwegian oil and gas industry. 

Table 2. 10. HSE and Working Environment regulations in the Norwegian oil and gas industry (PSA 2017) 

Regulations Year Regulatory Authorities 

The Framework Regulations 

(Health, Safety and the Environment in The 

Petroleum Activities and at Certain Onshore 

Facilities) 

2010 Petroleum Safety Authority Norway 

Norwegian Environment Agency 

Norwegian Directorate of Health 

Norwegian Food Safety Authority 

The Management Regulations 

(Management and The Duty to Provide 

Information in The Petroleum Activities and at 

Certain Onshore Facilities) 

2010 Petroleum Safety Authority Norway 

Norwegian Environment Agency 

Norwegian Directorate of Health 

The Facilities Regulations 

(Design and outfitting of facilities, etc. In the 

petroleum activities) 

2010 Petroleum Safety Authority Norway 

Norwegian Environment Agency 

Norwegian Directorate of Health 

Norwegian Food Safety Authority 

The Activities Regulations 

(Conducting Petroleum Activities) 

 

2010 Petroleum Safety Authority Norway 

Norwegian Environment Agency 

Norwegian Directorate of Health 

Norwegian Food Safety Authority 

Technical and Operational Regulations 

(Technical and operational matters at onshore 

facilities in the petroleum activities, etc.) 

2010 Petroleum Safety Authority Norway 

Norwegian Directorate of Health 

Working Environment Regulations 

- 701-ENG Regulations concerning 

Organisation, Management and 

Employee Participation 

- 702-ENG The Workplace Regulations 

- 703-ENG Regulations concerning the 

Performance of Work 

- 704-ENG Regulations concerning Action 

and Limit Values 

- 705-ENG The Producer Responsibility 

Regulations 

- 706-ENG Regulations concerning 

Administrative Arrangements 

2013 Ministry of Labour 

Norwegian Labour Inspection Authority 
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The Norwegian model serves as a benchmark for other oil and gas producing countries, as its 

activities are evenly distributed across three distinct agencies (Mendes et al. 2014). The 

Ministry of Petroleum and Energy is the policy-making body which exerts an overall 

administrative influence over the other institutions (Hunter 2014). The Norwegian Petroleum 

Directorate is handed the responsibility of the regulatory enforcement of the policies that have 

been enacted in the Norwegian oil and gas industry (Lindøe and Braut 2009). Statoil serves as 

the commercial institution which is the country’s national oil company (NOC), in charge of oil 

exploration, licensing, marketing and distribution (Hunter 2014). In this manner, it is evident 

that there is reduced responsibility for each of these bodies to accommodate, hence promoting 

the standards of process safety within the petroleum industry in this region (Mendes et al. 2014). 

2.8.1.4 China 

Countries like China have taken process safety on board by adjusting their legislative and 

regulatory framework by enacting the Work Safety Law in 2002 which emphasises key issues 

like record keeping, investigations, inspections, as well as the responsibilities of employers and 

employees (Zhao, Suikkanen and Wood 2014). They also used the C174 – Prevention of Major 

Industrial Accidents Convention to make their National Standard on the Identification of Major 

Hazard Installations in 2000 (Shi et al. 2008). The State Administration of Work Safety 

(SAWS) in China also released their pioneer PSM regulation in line with OSHA’s PSM 

standard which addresses processes using hazardous chemicals (Zhao et al. 2013). Due to recent 

chemical disasters like the Chongking gas well blowout in 2003 that killed 243 people, there is 

also the Emergency Event Response Law 2007 which requires all companies in China to 

produce an emergency response plan for their sites and the chemicals that are handled within 

them (NPC 2009). The newest SAWS standard also emerged from this incident which specifies 

the well head ignition time for natural gas wells which contain hydrogen sulphide (Zhao, 

Suikkanen and Wood 2014). China has also relocated over 30% of their industrial sites to 

chemical industrial parks (CIPs) to aid a safer and more environmentally sustainable chemical 

handling process (Zongqin 2004). This has aided in facilitating the administration and 

management of safe environmental and work practices (Li et al. 2001). However, it is argued 

that these CIPs could lead to more catastrophes in the event of an accident due to the domino 

effects that may arise from the cluster of chemical companies within the same area (Zhao, 

Suikkanen and Wood 2014). Consequently, experts from the United Nations Environmental 

Programme (UNEP) have provided specialist training on emergency drills and risk 
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identification methods to all occupants of a CIP (Zongqin 2004). Furthermore, a programme 

known as Awareness and Preparedness for Emergency at a Local Level (APELL), which was 

developed by UNEP in 1986, has also been introduced to reduce the occurrence and impacts of 

environmental and technological emergencies (Zhao et al. 2013). It also provides a guideline 

for implementing their PSM elements like training, emergency response and process hazard 

analysis (Abbasi and Abbasi 2005). According to Figure 2.5, it can be seen that after 

implementing these regulations in the Chinese process industry, the fatal accident statistics have 

reduced drastically over the last decade (Zhao, Suikkanen and Wood 2014). These figures show 

a 77% decrease in the frequency of chemical accidents, as well as a 66% reduction in the 

number of fatalities. 

 

Figure 2. 5. Chemical accident statistics in China from 2004 to 2012 adapted from Zhao, Suikkanen and 

Wood (2014) 

Nonetheless, compliance with regulatory frameworks like the APELL and PSM standards may 

be complicated for small-medium enterprises (SME’s) due to the amount of resources required 

for implementation (Abbasi and Abbasi 2005). In order to address this challenge, especially 

with PSM elements like emergency response planning, training and process hazard analysis, 

Zhao, Suikkanen, and Wood (2014) have recommended that - 

• A framework should be developed to build on the current UNEP APELL approach in 
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• The PSM system level root cause should be investigated 

• Information should be made known to the public 

• There should be a dedicated website designed for lessons that have been learned. 

• There should be an enhancement of the regulatory capacity 

• The near misses from corporate industries and companies should be well managed to 

encourage their openness in the future. 

It is evident that there are several PSM regulations existent in various oil and gas operating 

countries in the world (Kwon et al. 2016). However, the continuous occurrence of accidents in 

the oil and gas industry exacerbates fears over a potential failure in these regulations (Houck 

2010). Mohd Shariff et al. (2016) suggested that these regulations do not adequately consider 

PSM implementation strategies by oil and gas companies. Pasman and Rogers (2014) also 

asserted that there is no correlation between the PSM regulatory framework and the climate 

change mitigation framework to foster adequate design technologies that could avert the 

impacts of climate change on oil and gas operations. Hence, the next section of this paper will 

provide a detailed insight into various PSM frameworks applicable to the oil and gas industry. 

2.9 Process Safety Management Systems in the Oil and Gas Industry 

In this section, process safety management systems, models and frameworks are critically 

analysed in order to gain an understanding of their elements, strengths and weaknesses. Over 

the years, the relationship between accident causal factors and their consequences has been 

established through the use of accident models to enhance system safety (Nascimento et al. 

2016). Nonetheless, Adedigba et al. (2016b) argued that most of these accident models were 

particular to certain scenarios and were also qualitative, thus posing a limitation in utilising 

their data to design adequate process safety management frameworks. Similarly, Hsu et al. 

(2015) asserted that some loopholes remained in the design of process safety management 

models evidenced by the continuous occurrence of accidents in the oil and gas industry. 

Consequently, this study seeks to address these gaps by assessing the elements of various PSM 

frameworks applicable to the oil and gas industry to come up with a more robust and holistic 

model. 

The first PSM system to be developed was the Responsible Care  Process Safety Code 

(RCPSC) in 1984 (Howard et al. 2000). Later that year, the CIMAH regulations came into effect 

to curb the consequences of major accidents on people and the environment (Cassidy 2013). 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 57 

The API RP 750 standard was formed in 1990 as the first framework for managing process 

hazards in the oil and gas industry (Patel 2005). However, in 1992, the US OSHA formed their 

PSM programme to mitigate the accidental release of hazardous chemicals (Belke 2000). Also, 

in 1992, the offshore Safety Case regulations were enacted for companies in offshore 

installations to produce a safety document to show that there was an efficient safety 

management system in place (HSE 2017a). ExxonMobil also created their operational integrity 

management system (OIMS) in 1992 to improve personnel, health, security and process safety 

performance (ExxonMobil 2017a). In 1993, the International Labour Organisation (ILO) 

developed their own PSM system to prevent major industrial accidents in hazardous industries 

(ILO 2017), after which the API RP 75 was also formulated as a safety and environmental 

programme for offshore operations and facilities (API 2004). The US Environmental Protection 

Agency (EPA) formed their Risk Management Plan (EPA RMP) in 1994 to monitor companies 

involved in the use of regulated toxic or flammable substances for the prevention of accidental 

release (US EPA 2013). In 1999, the COMAH regulations was enacted for competent 

authorities to assess the safety of designated sites using safety reports (HSE 2015). In 2007, the 

AICHE/CCPS Risk-Based Process Safety (RBPS) standard was formed after the Bhopal 

tragedy in 1984 to offer improved results with less funds and as a benchmark for the industry 

(Pitblado 2011). The BP Operational Management System (BP OMS) was also developed in 

2007 after the Deepwater Horizon blowout to ensure compliance of BP’s industry standards 

with legislative requirements (BP 2014). In 2010, the SEMS regulation was enacted to make 

the API RP 75 rule mandatory in order to enhance environmental protection and the safety of 

offshore oil and gas activities (BSEE 2017). Also, in 2010, the Energy Institute High-Level 

PSM Framework was created to provide a basic and organised approach for small and large 

organisations across all energy sectors (Hooi et al. 2014). The DuPont Operational Risk 

Management (ORM) Model was also designed in 2010, initially to ensure the safety of their 

facilities, but was later used as a benchmark for other companies within and across various 

industries (DuPont 2016). The CSChE PSM Guide 4th edition was then developed in 2012 as 

a more efficient framework for the prevention of accidents in the Canadian chemical industries 

(CAPP 2014). In 2014, the IOGP/IPIECA OMS framework was created to improve the 

development and application of health, safety and environmental management systems (IOGP 

2014). However, Theophilus et al. (2018) designed the Integrated Process Safety Management 

System (IPSMS) model in 2017 to address the human factors of accident causation that were 

missing from the existing PSM systems. Table 2.11 highlights the theoretical frameworks of 

existing PSM models, as well as their key strengths and weaknesses. 
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Table 2. 11. Process Safety Management systems and their theoretical frameworks adapted from (Theophilus et al. 2018) 

Model Theoretical Framework Year of 

design 

Reason Behind Model 

Design 

Industry for 

the Model 

Deficiency of Model References 

Responsible Care 

 Process Safety 

Code (RCPSC) 

It is built on a simple Plan-Do-Check-

Act framework that elevates the 

standard for performance in 

industries, as well as being flexible in 

meeting needs of various companies   

1984 It was designed to 

prevent the unintended 

release of hazardous 

substances by using 

technical 

improvements 

Petrochemical • - It does not consider several 

human factors 

• - There is no road-map for 

implementation of the 

elements within its framework 

 

Howard et al. (2000) 

Lenox and Nash (2003) 

CIMAH 

regulations 

It applies a goal-setting framework to 

identify, evaluate and mitigate any 

dangerous consequences that may 

arise from industrial activities. 

1984 It was designed to curb 

the consequences of 

major accidents on 

people and the 

environment 

All industrial 

sectors except 

nuclear and 

armed-forces 

installations 

• - No safety reports 

- Changes to safety 

management systems not 

addressed 

• - Emergency planning issues 

Cassidy (2013) 

HSE (2015) 

Process Engineering 

(2000) 

HSE (2017a) 

API RP 750 It is organized similarly to the OSHA 

and CCPS framework such that it 

embodies 11 elements and 

implements them using the PDCA 

framework 

1990 It was designed as the 

first framework for 

managing process 

hazards in the oil and 

gas industry 

Oil and Gas 

Petrochemical 

Refining 

• - It did not set out indicators 

for measuring process safety 

performance 

• - Human factors are not well 

addressed 

Patel (2005) 

API (2017) 

WorkSafe (2011) 

US OSHA PSM 

Program 

It is a performance-based framework 

hinged on management commitment 

which increases the workforce 

influence in managing process safety 

1992 It was designed to 

mitigate the accidental 

release of hazardous 

chemicals 

Manufacturing 

Chemical 

Transport 

• - It has remained unchanged 

and has few human factor 

elements in its framework 

Belke (2000) 

Kaszniak (2010) 

Summers (2000) 

Safety Case Its regulatory framework was made to 

meet the recommendations in the Lord 

Cullen’s report after the Piper Alpha 

disaster. 

1992 It requires companies in 

offshore installations to 

produce a safety 

document to show that 

there is an efficient 

safety management 

system in place 

Offshore • - It focuses only on paper 

safety and not real safety in 

practice. 

• - They are compliance-driven 

• - They reduce the level to 

which risks are being 

considered within 

organizations as they feel they 

already have a safety case 

Cassidy (2013) 

HSE (2017a) 

HSE (2017b) 

Israni et al. (2015) 

Hopkins (2015) 

NOPSEMA (2017) 

CAPP (2014) 
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Table 2.11 (continued). Process Safety Management systems and their theoretical frameworks adapted from (Theophilus et al. 2018) 

Model Theoretical Framework Year of 

design 

Reason Behind Model 

Design 

Industry for 

the Model 
• Deficiency of Model References 

ExxonMobil 

OIMS 

It is built on the ISO 14001 standard, 

as well as the Responsible Care 

initiative to manage health, security, 

safety and environmental risks 

1992 It was designed to 

improve personnel, 

health, security and 

process safety 

performance  

Petroleum • - It is quite complex to be 

understood by people that are 

not part of the company 

• - It does not certify employee 

compliance to standards. 

ExxonMobil (2017a) 

ExxonMobil (2017b) 

Theriot (2002) 

ILO PSM 

Framework 

It is built on a similar framework with 

the OSHA PSM program 

1993 It was designed to 

prevent major industrial 
accidents in the 

hazardous industries 

All major 

hazard 
installations 

except nuclear, 

military and 

transport other 

than pipeline 

• - It does not incorporate key 

human factors like safety 

culture into its framework 

• - It does not focus on 

performance measurement and 

management review 

CAPP (2014) 

ILO (2017) 

API RP 75 It is also organized similarly to the 

OSHA and CCPS framework such 

that it embodies 11 elements and 

implements them using the PDCA 

framework 

1993 It was developed as a 

safety and 

environmental program 

for offshore operations 

and facilities 

Oil and gas • - It does not incorporate human 

factors fully into its framework 

API (2004) 

BSEE (2017) 

WorkSafe (2011) 

EPA RMP Its framework is centered around 

hazard assessment, a prevention 

program and an emergency response 

program which must be included in 

the RMP to be submitted to the EPA 

1994 It was designed to 

monitor companies 

involved in the use of 

regulated toxic or 

flammable substances 

for prevention of 

accident release 

Chemical 

Petroleum 
• - Human factors are not 

adequately addressed 

• No certified method of 

implementation 

US EPA (2013) 

Ufner and Igleheart 

(2017) 

US EPA (2017a) 

US EPA (2017b) 

COMAH 

regulations 

Its framework is extended from the 

CIMAH regulations and is designed to 

meet the requirements of the Seveso II 

Directive 

1999 It allows competent 

authorities to assess the 

safety of designated 

sites using safety 

reports. 

All hazardous 

industries 
• - Cost of compliance 

• - Public information may 

affect commercial 

confidentiality and site 

security 

• - Consent for hazardous 

substances 

• - Different attitudes to 

implementing the Seveso II 

Directive across Europe 

HSE (2015) 

Process Engineering 

(2000) 

HSE (2017a) 

HSE (2017b) 

CAPP (2014) 

Beale (2001) 
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Table 2.11 (continued). Process Safety Management systems and their theoretical frameworks adapted from (Theophilus et al. 2018) 

Model Theoretical Framework Year of 

design 

Reason Behind Model 

Design 

Industry for 

the Model 
• Deficiency of Model References 

AIChE/CCPS Risk 

Based Process 

Safety (RBPS) 

standard 

Risk-Based Process Safety (RBPS) 

Framework builds the ideas of the 

earlier CCPS model to organize the 

management system principles of the 

Plan-Do-Check-Act in order to be 

used across various organizations 

2007 It was designed after 

the Bhopal tragedy in 

1984 to offer improved 

results with less funds 

and as a benchmark for 

the industry 

Chemical 

Process 

Industries 

• - It does not address all human 

factors. 

• - There is no road-map for 

implementation of the 

elements within its framework 

Pitblado (2011) 

Rigas and Sklavounos 

(2004) 

Frank (2007) 

BP OMS Its framework integrates BP’s 

requirements on operational 

reliability, social responsibility, 

environment, security, safety and 

health into a common management 

system 

2007 It was designed after 

the Deepwater Horizon 

blowout to ensure 

compliance of BP’s 

industry standards with 

legislative 

requirements 

Oil and gas • - It does not incorporate all 

safety management system 

elements in it framework 

BP (2014) 

Dumon (2014) 

Whitford et al. (2011) 

 

SEMS Regulation Its framework is a performance-

focused tool for managing and 

integrating offshore activities based 

on the API RP 75 third edition in 

2004. 

2010 It was enacted to make 

mandatory the API RP 

75 rule in order to 

enhance environmental 

protection and safety of 

offshore oil and gas 

activities 

Offshore oil 

and gas 
• - It does not fully incorporate 

all human factors into its 

framework 

API (2004) 

BSEE (2017) 

WorkSafe (2011) 

Energy Institute 

High-Level PSM 

Framework 

Its framework is built with the 

Reason’s Swiss Cheese model as a 

template, however, using the Health 

and Safety Management System 

developed by ILO and OSHA as a 

benchmark for its implementation 

2010 It was designed to 

provide a basic and 

organized approach for 

small and large 

organizations across all 

energy sectors 

Energy 

industry 
• - Human factors are not fully 

integrated into the framework 

• - There is no adequate route 

map for implementation 

Hooi et al. (2014) 

(Murray 2015) 

Yew et al. (2014) 

DuPont 

Operational Risk 

Management 

(ORM) Model 

Its framework is built on high levels 

safety culture, with management 

commitment and operational 

discipline by workforce being the 

central point of focus in successful 

implementation of its plan 

2010 It was initially designed 

to ensure safety of their 

facilities, but later was 

used as benchmark for 

other companies within 

and across various 

industries 

Conglomerate 

comprising of 

various 

industrial 

sectors 

• - Its basic wheel-like structure 

shows no line of action or 

implementation of elements 

within its framework 

Kalthoff (2005) 

(Fernández-Muñiz et al. 

2007) 

Hart and Milstein (2003) 

DuPont (2016) 
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Table 2.11 (continued). Process Safety Management systems and their theoretical frameworks adapted from (Theophilus et al. 2018) 

Model Theoretical Framework Year of 

design 

Reason Behind Model 

Design 

Industry for 

the Model 
• Deficiency of Model References 

CSChE PSM 

Guide 4th edition 

It was built on a similar framework 

with the 1989 AICHE/CCPS 

Technical Management of Chemical 

Process Safety. 

2012 It was created as a more 

efficient framework for 

the prevention of 

accidents in the 

Canadian chemical 

industries 

Chemical • -It does not consider 

involvement of the workforce 

and stakeholders 

• -It does not also take into 

account the manner in which 

operations are conducted. 

CAPP (2014) 

Amyotte (2011) 

IOGP/IPIECA 
OMS Framework 

The framework uses a Plan-Do-
Check-Act approach to address 

security, process safety, quality, 

environment and social responsibility 

risks. 

2014 It was designed to 
improve the 

development and 

application of health, 

safety and 

environmental 

management systems. 

Oil and Gas • - It does not fully address 

human factors within its 

framework 

• - It totally relies on human 

compliance and does not 

provide enforcement actions 

IOGP (2014) 
CAPP (2014) 

IPSMS model The Integrated Process Safety 

Management System (IPSMS) model 

was designed using the PDCA 

framework, while its implementation 

strategy adopted the DuPont tripartite 

operational discipline model of three 

main aspects: personnel, technology 

and facilities 

2017 It was designed as a 

robust and holistic 

alternative to the 

previous PSM models 

by integrating their 

elements into one PSM 

system and including 

the human factors 

missing from them 

Oil and Gas • - This model was only 

validated using literature, 

without any input from 

industry professionals 

• - It failed to consider factors 

such as impact of climate 

change on oil and gas 

operations in its design 

Theophilus et al. (2018) 
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2.10 Conclusion 

This chapter has provided an extensive review of the literature bordered around process safety 

management in the oil and gas industry. A broad overview of process safety with regard to its 

underpinning concepts and principles has been provided, as well as the importance of process 

safety in the 21st century. Indeed, there are several sectors that fall under the process industry 

and the oil and gas industry has been identified as a major player within this industry. There 

are also several underlying risks that have remained pending in the oil and gas industry which 

need to be urgently addressed. The oil and gas industry is comprised of various activities, 

sectors and regions, with several advancements having been made over the years. The oil and 

gas industry is a high-risk industry where accidents often lead to multiple fatalities, along with 

severe damage to the environment. These accidents vary according to their nature, categories, 

causal factors, regions and sectors. There have been several accident models developed over 

the years to analyse the causal factors of oil and gas accidents, but more work needs to be done 

to ascertain accidents caused by external factors such as climate change. Similarly, there are 

various health and safety laws, regulations and standards in the oil and gas industry which have 

also reduced, but not significantly curbed, the rate of accident occurrence in the oil and gas 

industry. This includes health and safety regulatory frameworks in countries such as the USA, 

the UK, Norway and China. Also, several PSM systems, models and frameworks have been 

developed over the years to enhance process safety, but it is evident that gaps still exist; 

especially with addressing the impacts of climate change on oil and gas operations. Therefore, 

there is an urgent need to develop an integrated PSM and climate change model for the oil and 

gas industry. 
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Chapter Three 

Literature Review 2: Impacts of Climate Change on Oil and Gas 

Operations 

3.0 Introduction 

This chapter is a continuation of the study’s literature review and it explores existing 

knowledge about the impacts of climate change on oil and gas operations. The first section of 

the chapter provides a broad overview of climate change involving its key concepts, 

phenomena and research debates surrounding the topic. Afterwards, trends of climate change 

studies are reviewed by discussing the historical perspective of climate change, climate change 

regulations, as well as climate change projections. Subsequently, causes of climate change and 

its impacts are reviewed. Finally, the impacts of climate change on effective process safety 

management are also discussed. 

3.1 Definition of Variables 

a. Climate change: - A change of climate that is attributed directly or indirectly to human 

activities that alters the composition of the global atmosphere in addition to natural 

climate variability and observed over comparable time periods (UNFCCC 1992). 

However, IPCC et al. (2007) define climate change as any change in climate over time, 

due to either human activities or natural variability.  

b. Oil and gas operations: - The activities that take place in the upstream, midstream and 

downstream sectors of the oil and gas industry (PSAC 2018). This study looks at these 

three sectors of oil and gas operations, however, with more focus on the upstream 

sector. 

c. Vulnerability: The extent to which a system is prone to, or unable to withstand the 

varying and extreme impacts of climate change. It is a product of the features, degree 

and level of climate change and variation to the exposure, sensitivity and adaptive 

capability of a system (IPCC, UNEP and WMO 2007). 

d. Natech: Natural hazard triggering technological disaster (Girgin and Krausmann 2014). 
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3.2 Overview of Climate Change and the Petroleum Industry 

In the last two decades, climate change has emerged as one of the most controversial topics 

that has been argued on several fronts (Hulme 2009). The idea of global warming and the 

negative impact of human-driven activity on the global weather has been fiercely debated 

(Cook et al. 2016). Field et al. (2012) argued that the facts and figures tended to reiterate the 

continuous occurrence and proliferation of climate change, as well as its increasing impacts in 

different industrial sectors. Indeed, the warming of the climate is unequivocal (Panteli and 

Mancarella 2015). According to IIGCC et al. (2017), 70% of global greenhouse gas (GHG) 

emissions are attributed to energy-related activities. The oil and gas industry contributes to 

60% of these energy-related emissions due to the production of fossil fuels as their main 

operational activity (Puig, Haselip and Naswa 2015). Figure 3.1 illustrates how GHG emissions 

are evident in the latter stages of the oil and gas lifecycle by end-users, and hence cannot be 

directly managed by oil and gas companies (IIGCC, CERES and IGCC 2017). However, BP 

(2018) opined that untapped reserves accounted for over 50% of the industry’s value, thereby 

creating a dissonance in industry priorities. IPCC et al. (2007) asserted that the oil and gas 

industry had already been impacted by climate change through government regulations. Most 

notably, the oil and gas industry is stringently managed by national and international 

legislations due to the nature of their rig platforms and operating infrastructures (PSAC 2018). 

The United States Environmental Protection Agency (US EPA 2017c) has commenced 

strategies to cut GHG emissions and implement a cleaner energy policy throughout the nation. 

Consequently, oil and gas companies have been compelled to design new technologies that will 

be in compliance with cleaner energy regulations (Puig, Haselip and Naswa 2015). Petrick et 

al. (2017) predicted that climate change was poised to impact oil and gas operational practices 

in the near future. Although various discussions are ongoing about climate change; there is 

little empirical research concerning its impact on asset deterioration, asset reliability and 

overall oil and gas operations. 
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Figure 3. 1. Lifecycle emissions by stage in production adapted from IIGCC et al. (2017) 

Cook et al. (2016) were of the view that human activities were the main influencing factors of 

climate change through fossil fuel emissions (i.e. the use of coal, oil and gas) via land use, 

agriculture, industrial operations, etc. that significantly modified the composition of the 

atmosphere. The warming of the earth’s surface occurs through long-lasting heat-trapping 

GHG’s such as chlorofluorocarbons, tropospheric ozone, N2O, CH4, CO2 and water vapour; 

while various regions of the earth are warmed or cooled by short-lived aerosols (Lindner et al. 

2010). Water vapour and sea ice act as positive climate feedbacks to amplify direct radioactive 

warming (WWF 2017). This century has witnessed greater levels of warming, more than the 

last century, with global temperature increasing by 1.50C since 1900 and projected to increase 

to 11.50F (an extra 20C) by 2100 (IPCC 2013). NOAA (2017) stressed that the mean 

temperature in the USA had risen considerably, with the probability of rising even higher than 

the global average in the next century seeming very likely. The increase or reduction in these 

temperature ranges is hugely dependent on the rise or fall in GHG emission rates, respectively 

(NASA 2018b). IPCC et al. (2007) have suggested that natural occurrences like volcanic 

eruptions could temporarily offset the influence of human-induced warming, however for a 

short period of time. Lindner et al. (2010) also posited that cutting CO2 emissions was key to 

reducing the warming of the atmosphere even beyond this century. However, it is pertinent to 

note that these reductions will be most effective if made at the earliest possible time, as opposed 

to a later period (US EPA 2016). According to the (US EPA 2016), by cutting down emission 

levels of methane and other GHG’s at an earlier time, global warming could be reduced in a 

matter of years to decades. 
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Various regions around the world have already started witnessing the impacts of climate 

change such as a reduction in sea ice, permafrost, glaciers and snow cover, rising sea levels, 

increased intensity, the frequency of heavy downpours, lesser frost periods and a rise in 

atmospherics and sea temperatures (Panteli and Mancarella 2015). Also, increased atmospheric 

water vapour retention has been observed in recent times (US EPA 2016). In the last three 

decades, there has been a rapid temperature rise of more than 70C during the winter than in 

other seasons in the Northern and Midwest Great Plains (NOAA 2017). While climate change 

effects are likely to continue, new events are also predicted to develop around coastal regions 

such as storm surges, increased rainfall, higher wind speeds and more intense hurricanes 

(IPCC, UNEP and WMO 2007). These changes have detrimental effects on various aspects of 

society and the environment including coastal areas, agriculture, water supply, human health, 

industries and businesses (Department of Environment and Heritage 2006). 

For instance, rising sea levels could trigger flooding, storm surge damage and erosion in coastal 

communities (IFoA 2016). The loss of coastal land to rising seas because of warming could 

pose a significant and irreversible damage to natural ecosystems and their benefits to humanity 

(Lindner et al. 2010). Extreme weather events could contribute to poor air quality, waterborne 

diseases and increased heat stress which could negatively influence human health (Adam-

Poupart et al. 2013). Carbon (iv) oxide concentration is also poised to increase due to climate 

change, hence leading to increased ocean acidification (Dore et al. 2009). Benamor et al. (2018) 

suggested that this could pose a corrosion risk to offshore oil and gas facilities such as pipelines, 

rig legs and other equipment installed on the seabed. There are also possible unexpected socio-

economic impacts of climate change such as shifts in societal priorities, disruption of 

technology and wealth reduction (Paul, Lang and Baumgartner 2017). Indeed, climate change 

affects various industry sectors such as wildlife, technology, agriculture, natural resources, 

mining, health, socio-economic etc. Yet, there is little empirical study that examines the impact 

of climate change on operations in the oil and gas industry.  

It is evident that climate change poses huge risks to several industries and these risks have to 

be effectively curbed by effective management systems (Puig, Haselip and Naswa 2015). The 

oil and gas industry has adopted various process safety management (PSM) systems to cater 

for risks emanating from human error, technical failures and flaws in operational procedures 

(Bridges and Tew 2010). However, each of these PSM systems has failed to account for the 

impacts that climate change could pose on oil and gas operations such as effects on personnel, 
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facilities and processes (Udie, Bhattacharyya and Ozawa-Meida 2018). This omission could 

expose the oil and gas industry to severe climate change effects and also hamper the ability to 

effectively address the issues arising from them (Smith 2013). Therefore, this study seeks to 

assess the impacts of climate change on oil and gas operations in addition to developing an 

integrated process safety management and climate change model for the oil and gas industry. 

3.3 Trends in Climate Change Studies 

This section reviews trends in climate change studies with regard to its historical context, 

climate change regulations and regulatory agencies, as well as future projections of climate 

change. Since the late 19th century, the mean surface temperature of the Earth has increased by 

0.90C due to increased human-made emissions such as CO2 into the atmosphere (Hansen et al. 

2006). Likewise, between 1993 and 2016, the Antarctic and Greenland ice sheets have reduced 

simultaneously by 119 billion tons and 281 billion tons, respectively (NASA 2018b). In the 

last century, there has also been an 8-inch increase in the global sea level. In the last two 

centuries, there have been emissions of over 480 billion tonnes of CO2 into the atmosphere 

(WWF 2017). From the onset of the Industrial Revolution, there has been a 30% increase in 

surface ocean water acidity due to the continuous emission of CO2 by humans into the 

atmosphere which is then absorbed by the oceans (Gasbarro, Iraldo and Daddi 2017). There 

are numerous claims that changes in climatic parameters have triggered severe weather events 

and other effects globally; indeed, this will be discussed in detail in the next section. The Kyoto 

protocol mandated “developed” countries to limit their GHG emission levels (Paul, Lang and 

Baumgartner 2017). However, the Paris agreement tended to bridge the gap between the 

developed and developing countries by mandating all countries under UNFCCC to willingly 

be accountable for their own local emission reduction goals (Bolaños, Costa and Nehren 2016). 

According to the Department of Environment and Heritage (2006), the IPCC has projected 

global warming to exceed the 1990 baseline by 1.4 to 5.80C in 2100. Due to the melting of 

glaciers and the thermal expansion of oceans, they also anticipate sea levels to rise between 9 

and 88 cm by 2100. Also, Lindner et al. (2010) suggested that atmospheric CO2 concentrations 

will increase from the pre-industrial concentration of 280 ppm to 486 ppm, or even 1,000 ppm. 

Feely et al. (2009) projected that average pH levels will further reduce by 0.2 – 0.3 pH units 

over this century. 
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3.3.1 Historical Perspective of Climate change 

Historically, the Earth’s climate has transformed drastically. In the last 600 millenniums, there 

have been seven cycles of glacial spread and degeneration, with the sudden termination of the 

most recent ice age about 7,000 years ago signalling the onset of human civilisation and the 

current climate era (NASA 2018b). Most of the changes in climate are attributed to little 

variations in the Earth’s environment that alter the quantity of solar energy that is radiated to 

the planet (Adam-Poupart et al. 2013). Arguably, there is a 95% probability that human activity 

since the mid-20th century is responsible for the present warming trend which has proceeded at 

an alarming and unprecedented rate over the decades (Girgin and Krausmann 2014). During 

the mid-19th century, many scientific experiments and expeditions further strengthened the 

evidence that increased levels of CO2 and other greenhouse gases (GHG) – due to their heat-

trapping nature – had exacerbated the warming of the Earth (Paul, Lang and Baumgartner 

2017). Ice cores drawn from tropical mountain glaciers, Antarctica and Greenland highlight 

the response of the Earth’s climate to variations in GHG levels (NASA 2017). There are 

however some counter-arguments to the theory of climate change. Veteli et al. (2002) 

suggested that CO2 was not a pollutant but rather an essential necessity to support plant growth. 

Lambeck et al. (2002) also argued that the purported climate change “farce” has always been 

in existence for over 3 million years and has only been promulgated in recent times as a money-

making venture. Miller et al. (2012) opined that a slight increase in global temperature would 

have little or no effect and that in fact, there would be certain benefits such as an increase in 

polar bears in the arctic regions. Moreover, Edenhofer et al. (2011) asserted that fossil fuels 

remained the most reliable sources for energy production, as solar and wind farms were 

expensive and inefficient. There are also perceptions that warmer climates translate to better 

weather conditions in extremely cold regions in North America and Europe (Schwartz and 

Randall 2003). However, reports from NASA (2018a) have shown evidence of climate change 

throughout the years as atmospheric CO2 levels are at their highest in over 600,000 years at 

409 parts per million (ppm). In the last two centuries, there have been emissions of over 480 

billion tonnes of CO2 into the atmosphere (WWF 2017). Primordial evidence can also be seen 

in layers of sedimentary rocks, coral reefs, ocean sediments and tree rings (NASA 2018b). 

Similarly, primeval indications confirm that the Earth is warming ten times as fast as the ice-

age period (Dole, Hoerling and Schubert 2008). 
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3.3.2 Climate Change Regulations and Regulatory Agencies 

Climate change has already impacted industrial sectors through the enactment of government 

regulations. US EPA (2017) has commenced strategies to mitigate GHG emissions and adopt 

a cleaner energy policy. This has caused oil and gas companies to comply with these rules by 

designing new technologies and adopting new practices. However, Gasbarro et al. (2017) 

argued that even with government regulations, climate change is poised to still have a huge 

impact on oil and gas practices in the near future. On the other hand, there are several opposing 

voices who believe that climate change is part of a natural cycle and is not too much of a 

concern (Hulme 2009). They also believe that the climate change prediction models are 

somewhat unreliable and there is hardly any scientific consensus to back up the claim that 

climate change exists (Cook et al. 2016). There is also a huge political debate about climate 

change being a big conspiracy by the Chinese government (Liu 2015). However, these adverse 

opinions about the existence of climate change are undermined by scientific evidence of 

increasing global temperatures, rising sea levels, extreme weather events, excessive rainfall, 

storm surges and flooding etc. (NASA 2018b, US EPA 2016, NOAA 2017). 

The Climate Change Act 2008 was enacted by the UK government as their means of addressing 

climate change (GOV.UK 2008). This involves a 2050 target of reducing GHG emissions by 

80% of their 1990 baseline (European Commission 2016). The Committee on Climate Change 

(CCC 2018) is responsible for evidencing and assessing if these targets are being met. This Act 

also mandates a Climate Change Risk Assessment to be carried out every five years by the UK 

government (CCC 2018). The policies with regard to climate change adaptation and mitigation 

in the UK were broadly developed by the Department for Environment and Rural Affairs 

(DEFRA) and the Department for Business, Energy and Industrial Strategy (BEIS), 

respectively (Osborne, Kell and Jones 2015). In 1988, the United Nations Environment 

Programme and the World Meteorological Organisation established the Intergovernmental 

Panel on Climate Change (IPCC) to assess knowledge on aspects of climate change (IPCC, 

UNEP, and WMO 2007). This was in response to the global acknowledgement that human-

induced GHG emissions were capable of changing the climate system (Panteli and Mancarella 

2015). However, there are still contradictory views from organisations such as the United 

States Senate Committee on Environment and Public Works that debunk the theory of climate 

change, regarding it as “the greatest hoax in the history of the United States” (Demeritt 2006). 

Also, there have been efforts from the State Policy Network (SPN) in the United States to 
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oppose climate change regulations with collective support from the Donors Capital Fund and 

the Donors Trust (Brulle 2014). 

The United Nations Framework Convention on Climate Change (UNFCCC 2018) was 

introduced in 1992 to aid international collaboration for climate change mitigation, adaptation, 

reporting and financing. One such collaboration led to the Kyoto Protocol in 1997 which 

mandated 37 industrialised countries to reduce greenhouse emissions by 5% below their 1990 

baseline (GOV.UK 2008). While this target was met by over a 10% reduction, industrialising 

countries like China caused an increase in total global emissions during this period (CCC 

2018). Hence, the Paris Agreement was made in 2015 which included 160 countries mandated 

to keep the increase in global temperatures below 1.50C (UNFCCC 2018). However, evidence 

from NASA (2018) suggests that there has been a 10C increase in temperature which is close 

to the set mark in accordance to the Paris Agreement. Therefore, this study will be conducted 

to ascertain the impacts of climate change on oil and gas operations. This will also aid national 

governments to enact suitable regulations that can enhance the integrity of assets exposed to 

harsh climatic conditions. 

Table 3.1 illustrates the global statistics for the number of offshore oil rigs worldwide, as of 

January 2018. Based on the number of oil installations in each region, there is an increased 

vulnerability of assets to climate change risks such as the flooding of facilities, the corrosion 

of equipment and asset deterioration (Girgin and Krausmann 2014, Matek 2017, Cruz 2010). 

Table 3. 1. Number of offshore rigs worldwide as of January 2018 by region adapted from Statista (2018) 

Region Number of offshore oil 

rigs 

Region Number of offshore oil 

rigs 

North Sea 184 Rest of U.S. 28 

US Gulf of Mexico 175 Mediterranean 26 

Persian Gulf 159 Black Sea 18 

Far East Asia 155 Red Sea 17 

Southeast Asia 152 Australia 11 

Mexico 88 Canadian Atlantic 7 

West Africa 75 Alaska (U.S.) 5 

South Asia 58 Rest of Africa 5 

Brazil 51 Eastern Europe 3 

Venezuela 46 Canadian Pacific 1 

Caspian Sea 37 Canadian Arctic 1 

Rest of South America 

and Caribbean 

30   
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The Paris agreement obligates large-scale emitting countries to reduce their emissions, while 

the Kyoto Protocol is only capable of making a minor fraction of emitting countries cut their 

emissions (Paul, Lang and Baumgartner 2017). Yet, the developed countries are required to 

lead the charge to cut down emissions according to the Paris agreement (Bolaños, Costa, and 

Nehren 2016). While the Paris agreement adopted a bottom-up approach, in that countries 

decide internally to set emissions reduction targets for themselves, the Kyoto protocol took a 

top-down approach by stipulating the emissions reduction targets for developed countries 

(Gasbarro, Iraldo and Daddi 2017). Based on the principles of the Kyoto Protocol and Paris 

agreement, this study could provide national governments with the knowledge of climatic 

conditions and their impacts on key infrastructure which will enable them to enact suitable 

laws to either mitigate or adapt to these climatic risks. 

3.3.3 Climate Change Projections 

Due to the vast economic growth of developing nations in the past decade, CO2 emissions from 

fossil fuels have been at the peak of IPCC projections (Le Quéré et al. 2009). Paul et al. (2017) 

opined that even after the GHG levels had stabilised, there was bound to be an increase in 

global temperatures for decades and centuries, due to the considerable inertia exhibited by the 

climate system. According to IPCC et al. (2007),  there could be an increase in the number of 

storm surges, wind speeds, intense storms, tropical cyclones, heavy rain, larger floods, droughts 

and hot days. However, Miller et al. (2012) posited that a slight increase in global temperature 

would have little or no effect on the environment. Notwithstanding, it should be noted that 

(Lindner et al. 2010) asserted that a 1.50C increase in global temperature could increase the 

frequency of wildfires in Mediterranean Europe by 40%. Therefore, the slightest increase in 

temperature is worth considering with regards to the noticeable impacts of climate change.  

According to the Department of Environment and Heritage (2006), the IPCC projected that 

global warming would exceed the 1990 baseline by 1.4 to 5.80C in 2100, as illustrated in Figure 

3.2. However, Solomon et al. (2007) posited that depending on the emissions scenario, the 21st 

century would experience an increase of 1.8 to 40C in the global mean surface temperature. 

Lindner et al. (2010) revealed that in Europe, climate change projections have suggested that 

by 2100 there would be a temperature rise of 4 to 5.80C in the Mediterranean and the northern 

Boreal regions, 3.80C in Central Europe and 2.80C in the UK and Ireland. IPCC (2013) also 

proposed that due to the melting of glaciers and the thermal expansion of oceans, there would 

also be an anticipated rise in sea levels of 9 to 88 cm by 2100, as illustrated in Figure 3.3. Also, 
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Lindner et al. (2010) suggested that atmospheric CO2 concentrations would increase from the 

pre-industrial concentration of 280 ppm to 486 ppm, or even 1000 ppm. Feely et al. (2009) 

projected that average pH levels would further reduce by 0.2 – 0.3 pH units over this century. 

 

Figure 3. 2. Global mean surface temperature change projected from 1950 to 2100  adapted from IPCC 

(2013) 

 

Figure 3. 3. Global mean sea level rise projected from 2000 to 2100  adapted from IPCC (2013) 

Puig et al. (2015) emphasised that there was usually a non-linear relationship between averages 

and extremes. For instance, Christou et al. (2012) opined that a shift in the average temperature 

could trigger much more important changes in extremely hot days. This disproportionate 

increase in the frequency of extreme events does not just apply to temperature alone but to 

other climate extremes (Gardener et al. 2011). For example, the Department of Environment 

and Heritage (2006) suggested that smaller increases in peak wind gust speeds could have 
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proportionally greater damage to buildings. However, Bolaños et al. (2016) argued that some 

instances such as a decrease in average rainfall could cause an increase in the frequency of 

extreme events, including wild fires and droughts. The climate change projections for various 

regions are seen in Table 3.2, suggesting that oil and gas facilities are more likely to be 

vulnerable to impacts of climate change depending on their location. 

Table 3. 2. Climate change projections in various geographical regions adapted from Lindner et al. (2010) 

Region Climate Change Projections Vulnerable Oil and Gas 

Facilities 

Boreal zone i. Increase in mean temperature: 3.5 – 5.80C; 

3 – 4.80C in summer; 4 – 7.80C in winter 

ii. Increase in precipitation of 40% with 

wetter winters 

Oil and gas infrastructure for 

exploitation of oil sands in the 

boreal forests of Canada such 

as oil pit mines, seismic lines, 

pipelines and roads 

Temperate Oceanic zone i. Increase in mean temperature: 2.5 – 3.80C; 

2 – 3.80C for UK and Ireland; 4.80C in 

summer 

ii. More harmful extreme events such as 

droughts, floods and storms 

Offshore oil and gas rigs 

located in deep and ultra-deep-

water projects in the Arctic, 

northern North Atlantic Ocean 

(UK and Norwegian waters), 

East and West Africa, Gulf of 

Mexico, South America, 

India, Southeast Asia, and 

Australia 

Temperate Continental zone i. Increase in mean temperature: 3 – 4.80C; 

4.5 – 5.8 in Black Sea region 

ii. Increase in mean precipitation during 

winter: 10%; decrease in summer 

precipitation – 10% 

Oil and gas facilities located in 

the continental shelf of North-

western Australia, UK, 

Norway, Saudi Arabia and 

U.S.A. 

Mediterranean zone i. Increase in mean temperature: 3 – 4.80C; 2 

– 3.80C in winter and 4 – 5.80C in summer 

ii.  Increase in winter precipitation; decrease 

in annual summer rainfall: 50% 

iii. Changes in duration, intensity and 

frequency of extreme events are prone to 

cause fewer cold days, heavy precipitation 

events, heat waves and more hot days 

Oil and natural gas 

infrastructure located in 

southern and eastern 

Mediterranean countries such 

as Algeria, Egypt, Libya, 

Turkey, Tunisia, Israel, Syria, 

The Levantine Basin, Jordan, 

Iraq, Saudi Arabia, Iran, Oman  

Mountainous regions i. Higher increase in temperature in European 

mountainous regions. Over the last century, 

the temperature in the Alps increases twice 

as much as the global average 

ii. High uncertainty in precipitation based on 

local geomorphology 

Oil, natural gas and shale gas 

prospects in the Burgan oil 

field in Kuwait, Kurdish region 

of Iraq, as well as the 

Monongahela, Los Padres and 

Colorado roadless areas in the 

United States. 

3.4 Existing Studies about Climate Change and the Petroleum Industry 

Climate change is one of the major contemporary environmental risks affecting the oil and gas 

industry globally (Udie, Bhattacharyya and Ozawa-Meida 2018). BP (2016) avowed that there 
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could be a serious risk of devastating climate change if over 25% of the current oil, gas and 

coal reserves were utilised. The current rate of fossil fuel consumption infers that this value 

could be attained in less than 40 years (US EPA 2017c). According to reports in the BP Energy 

Outlook 2018, CO2 constitutes over two-thirds of man-made GHG emissions with the oil and 

gas industry responsible for over 40% of these emissions (BP 2018). Other reports from the 

Institutional Investors Group on Climate Change (IIGCC, CERES, and IGCC 2017) have 

suggested that over 70% of GHG emissions were attributable to energy-related activities, with 

the oil and gas industry causing 60% of these emissions due to fossil fuel production. However, 

it should be noted that extraction and development operations in the oil and gas industry 

contribute only 10 – 20% of GHG emissions while emissions from end-users and consumers 

make up 80 – 90% (BP 2018). Notwithstanding, Puig et al. (2015) pinpointed a discord in 

company priorities as future production or untapped reserves made up 50% of the oil and gas 

industry value. It was also projected that rapidly growing economies could cause emissions to 

rise by 20% of the 2014 baseline in 2035 (BP 2016). Figure 3.4 shows the primary energy 

demand based on end-use sector, region and fuel type. It can be observed that oil, gas and coal 

form the major sources of fuel to meet the primary demands of the energy market 

(predominantly from industry and buildings); while renewables are poised to increase 

gradually in the next two decades. 

 

Figure 3. 4. Primary energy demand based on end-use sector, region and fuel type adapted from BP (2018) 
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There are also certain climate-related pressures on the oil and gas industry identified by IIGCC 

et al. (2017) such as regulations, changes in consumer behaviours, technological changes and 

physical environmental impacts. There is a possibility that increased demands for carbon 

sequestration during production could become a requirement of the licence to operate (Smith 

2013). Similarly, host governments could increase emphasis on reducing gas flaring together 

with increased regulated costs to carbon emissions (IIGCC, CERES and IGCC 2017). 

Consumers may also be more aware of climate change impacts by various types of fossil fuels 

and thus, increase their efforts to reduce consumption which could affect the industry’s 

profitability (BP 2016). Moreover, this trend could see renewables as a potential competitor in 

the energy market, which is already evident in the increasing number of hybrid and electric 

vehicles (BP 2018). Oil-rich regions could also be plagued with increasing tropical storm 

events and currently inaccessible prospects could become commercially feasible (IIGCC, 

CERES and IGCC 2017). Puig et al. (2015) suggested that oil and gas exploration and 

production could be affected by wellbore damage, subsidence, wave loading, loss of access to 

surface water and disruption to working seasons. Transport and terminals could also be affected 

due to shipment interruptions and damage to coastal facilities (Christou et al. 2012). Petrova 

(2011) opined that wildfires, frost jacking and thaw subsidence and landslides caused by heavy 

rainfall could also lead to pipeline deterioration and damage. Refining and processing 

operations also stand the risk of losing access to water, flooding and the loss of peak cooling 

capacity (Zamuda et al. 2013). There could be dire consequences on surrounding communities 

such as the loss of human lives, the loss of species and habitats, storm impacts on key 

infrastructure, local opposition to new sites and competition for water (Puig, Haselip and 

Naswa 2015). 

A study by Udie et al. (2018) assessed impacts of climate change on the vulnerability of critical 

oil and gas infrastructure in the Niger Delta region of Nigeria. With over 75% of foreign exports 

in the country attributed to crude oil revenue, the vulnerability of infrastructure to climate 

change poses a threat to social, environmental and economic systems (Kadafa 2012). It is 

pivotal to note that the upstream, midstream and downstream sectors of the oil and gas industry 

are inter-linked and an impact on one of these sectors will cascade to all the other streams and 

affect productivity and distribution (PSAC 2018). Udie et al. (2018) argued that there was no 

clear industry-based conceptual framework for assessing the vulnerability of the oil and gas 

infrastructure to climate change. Cruz and Krausmann (2013) posited that assessing climate 

change impacts on oil and gas infrastructures would provide a means of identifying risks and 
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quantifying their consequences. The use of a multi-stakeholder approach was suggested by 

Sheffi (2001) as a vital tool for identifying sustainable adaptation strategies that could improve 

the resilience of infrastructure. Hence, this study is also geared towards consulting experienced 

oil and gas professionals to identify impacts of climate change on oil and gas infrastructure and 

operations. 

The costs of oil exploration and production in the Arctic regions have been extremely 

expensive due to long distances, existing infrastructure and the use of special equipment for 

winter operations (Hamilton 1998). Hence, most parts of the European Arctic Ocean have 

remained unexplored due to competition from less expensive supply alternatives (Lindner et 

al. 2010). However, gradual warming has caused the melting of the Arctic ice and improved 

accessibility and exploration to oil-rich prospects in the region (IPCC, UNEP and WMO 2007). 

Nonetheless, Gasbarro et al. (2017) argued that these oil and gas operations and facilities would 

pose a huge pollution risk to the pristine Arctic ecosystems. Similarly, the international climate 

protection goals from the Paris agreement question the rationale of exploiting this region 

(Bolaños, Costa and Nehren 2016). 

Oil and gas companies have been severely scrutinised over the menace of climate change in 

recent years (BP 2016). Over the next decade, it is possible that GHG emissions could 

significantly influence their operations (Berrittella et al. 2007). Companies have recognised the 

danger and have started adjusting their priorities and activities (Smith 2013). BP has succeeded 

in reducing venting and flaring operations, as well as incorporating carbon costs into their 

investment assessments (BP 2018). Similarly, ExxonMobil has decreased their overall 

emissions by 40% over the last decade through the commencement of clean fuel projects and 

sulphur-reducing facilities (Smith 2013). Shell has also embarked on sustainable energy across 

areas such as natural gas, energy efficiency, carbon capture and storage and biofuels (Keystone 

Energy Tools 2015). While there is a general appetite for renewable and clean energy sources, 

neglecting current climate change warnings in the oil and gas industry could lead to 

catastrophic economic consequences, as well as increased health and safety incidents in the 

future (Christou et al. 2012). This is because about 70% of the world’s energy need comes from 

conventional fossil fuel sources (BP 2018). Therefore, there is an urgent need for the oil and 

gas industry to work with governments and researchers to come up with detailed plans to curb 

the menace of climate change through prevention, mitigation and adaptation (Dole, Hoerling 
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and Schubert 2008). Hence, this study involves industry input to incorporate climate change as 

an element into PSM systems in the oil and gas industry. 

Climate proofing is suggested by Puig et al. (2015) as one of the ways forward in protecting 

oil and gas assets from climate change. Cruz (2010) also suggested incorporating physical 

factors such as building technologies and infrastructure that could withstand climate change 

hazards. However, Puig et al. (2015) asserted that human factors have played a major role 

through staff preparedness and response, such as monitoring early warning signals and training 

on managing any consequences of the threat. However, it should be noted that climate proof 

technologies and infrastructure may not be economically feasible in all circumstances, as 

paying for remediation costs may be more advantageous (Cruz 2010). 

3.4.1 Impacts of Climate Change in Oil and Gas Operating Regions 

It is anticipated that global impact of climate change will adversely affect oil and gas operating 

regions; particularly these located in developing countries (World Bank 2020). Various aspects 

of oil and gas activities such as infrastructure, logistics, personnel and operational procedures 

are poised to be affected by frequent weather-related disasters, rising sea levels, change in 

precipitation patterns and temperature variations. While the energy sector is considered as a 

major driver of climate change, oil and gas operating regions are more likely prone to the 

impacts of climate change due to the fact that the highest contribution to climate change comes 

from fossil fuel use. Hence, regions such as Nigeria, Saudi Arabia, Kuwait and the UK North 

Sea are potential hotspots for adverse climatic events. From 1960 to 2016, the CO2 emissions 

(kt) has drastically increased in Nigeria (4180 – 120,369), Saudi Arabia (2676 – 563,449) and 

Kuwait (7803 – 98,733); with the exception of the UK (584,299 – 379.024). However, as 

illustrated in Figure 3.7, the CO2 emissions in the UK remains relatively higher than most 

countries.  
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Figure 3. 5. CO2 emissions (kt) in the UK, Saudi Arabia, Kuwait and Nigeria from 1960 to 2016 (World 

Bank 2020) 

According to Cramer et al. 2014), there are certain anticipated impacts of climate change on 

particular oil and gas regions. There is a potential risk for flooding in Nigeria, UK, Kuwait and 

Saudi Arabia which could pose risks to onshore oil fields, pipelines, infrastructure, as well as 

health of workers. Similarly, food shortage and drought are areas of concern which could affect 

the livelihood of workers and overall productivity levels across various oil and gas facilities in 

these regions.  

The arid and desert regions in Saudi Arabia exposes several regions to desertification and 

flooding. It is stipulated that over 80% of average natural hazard occurrence in Saudi Arabia 

are caused by flooding events. Also, sea level anomaly has increased from 20.78mm in 2000 

to 106.10mm in 2015. As Saudi Arabia is the world’s largest oil exporter with over 25% of 

global oil reserves, their oil-based economy could be heavily affected by sea level rise and 

consequent flooding within coastal regions. 

Similarly, the arid land and flat landscape in Kuwait puts it at risk of climatic events such as 

sandstorms, desertification and flooding. Approximately, 50% of average natural hazard 

occurrence from 1900 to 2018 in Kuwait are caused by flooding events. Flood occurrence is 
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deemed to intensify in the coming years due to increase in river fluctuations. Like Saudi Arabia, 

Kuwait’s economy is also heavily reliant on oil production as it constitutes 95% of export 

income and 40% of national gross domestic product. The expected increase in flooding events 

could aggravate damage to oil and gas infrastructure. Mean surface temperature in Kuwait has 

increased from 1.50C to 20C since 1975; while rainfall pattern has changed drastically. This 

could pose risks to oil and gas operations such as transportation of petroleum products and 

health of staff. 

In Nigeria, the mean surface temperature has increased by 1.10C from 1901 to 2005 which is 

higher than the global average of 0.740C using the 1860 baseline (Odjugo 2011). It is projected 

that by 2100, there may be temperature rise up to 2.50C to 4.50C in Nigeria if there are no 

adequate mitigations put in place (Akpodiogaga-a and Odjugo 2010). The impacts of climate 

change are evident as there is decreasing rainfall levels in the Northern and central continental 

regions; alongside a resultant increase in rainfall in the coastal areas (Ebele and Emodi 2016). 

The lower rainfall in Northern Nigeria could affect hydroelectric output by reducing 

availability of trees and biomass used for fuel. Conversely, the increased rainfall in coastal 

regions could damage substation equipment and transmission lines; thus, leading to reduced 

power generation which may affect operations and productivity in the Nigerian oil and gas 

industry (Akpodiogaga-a and Odjugo 2010). Over 3400km2 of the Nigerian coastal oil and gas 

region has been inundated by 0.2m rise in sea level; and this could increase to 18,400km2 by 

2100 if sea level rise continues up to 1m (Odjugo 2011). From 1992 to 2007, rainstorms and 

strong winds have destroyed properties of over N85.03 billion and killed approximately 199 

people (Akpodiogaga-a and Odjugo 2010). Additionally, workers exposed to extreme offshore 

weather conditions could be prone to illness or even death due to temperature variation that 

causes heat stress in hot weather and cold strains during intense rainfall (Ebele and Emodi 

2016). 

One of the worst heatwaves recorded in history killed tens of thousands of people all over 

Europe in 2003, with over 2000 people in the UK alone due to an all-time high temperature of 

over 38.50C. Due to the temperature variation in the UK, there tends to either be excessive or 

inadequate rainfall. Consequently, it is anticipated that by 2050, the number of UK households 

prone to flooding will double to almost 1.9 million. According to the OECD, one in six 

properties in the UK are at risk of flooding; especially the once desirable low-lying coastal 

communities around Somerset and Fens which are prone to effects of sea level rise. The 2016 
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floods in the UK led to mage costs of over £1.6 billion. While the UK is unlikely to experience 

hurricanes, the aftermath of hurricanes is felt as strong winds and intense rainfall which could 

cause flash flooding. This could have a significant impact on the oil and gas workers who could 

be negatively impacted by flooding events leading to illness, poor living standards or even 

death; hence affecting productivity in oil and gas operations. Due to rise in temperature, there 

is likely to be hotter summer temperatures and increasingly rare cold winter seasons. Also, 

local flooding events due to extreme rainfall could put pressure on water resources which could 

affect oil and gas operations such as drilling, maintenance and worker welfare. Severe gales 

and snowfall might also impede the safety of offshore operations in the UK North Sea region 

which is home to most oil and gas operations in the UK. Furthermore, the prolonged summer 

period without rainfall could exacerbate the likelihood and severity of wildfire events as the 

dry vegetation could aid in rapid fire spread throughout communities where oil and gas workers 

are based.  

These adverse climatic events in various oil and gas operating regions reiterate the need to 

develop a robust PSM system that incorporates climate change. Also, these four key regions 

used in this section; UK, Nigeria, Saudi Arabia and Kuwait could also be used as possible case 

study locations to recruit participants for this study which will include oil and gas professionals. 

3.4.2 Impacts of climatic conditions on petroleum subsectors 

While several studies have investigated possible impacts of climate change, little emphasis has 

been placed on its impacts on oil and gas industry operations and facilities (Udie, 

Bhattacharyya and Ozawa-Meida 2018). Most studies have succeeded in establishing the role 

of the oil and gas industry in causing climate change; however, the vulnerability of various oil 

and gas industry subsectors to climate change has yet to be ascertained (US EPA 2017c). 

Identifying the impacts of climate change on the oil and gas industry is pivotal to the reliability 

and security of operations within the industry (Christou et al. 2012). Due to the interlinked and 

extremely complex nature of the oil and gas industry, there are bound to be ripple/domino 

effects when any sector is affected (Cruz 2010). Extreme events pose significant environmental 

and safety risks and these external hazards are not usually incorporated into emergency 

response plans, industrial risk assessments and process safety analysis (Smith 2013). Systemic 

risks are rarely included in most risk assessments, but rather are mostly tailored to address 

individual infrastructures (Cruz 2010). Hence, there is the potential for an increase in extreme 

weather-induced oil spills and chemical releases (Girgin and Krausmann 2014). It is important 
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to consider the regional context, as impacts of climate change and strategies to cope with these 

impacts could differ across different regions (Panteli and Mancarella 2015). Most oil and gas 

facilities are located in regions that are prone and exposed to climate change impacts (IPCC, 

UNEP and WMO 2007). This study reviews the existing knowledge of possible impacts of 

climate change on different oil and gas operating regions globally. 

There are potential risks that climate change could pose to oil and gas extraction, transportation, 

refining and distribution (Puig, Haselip and Naswa 2015). Girgin and Krausmann (2014) 

suggested that there could be an increased vulnerability of oil and gas infrastructure to 

landslides, flooding, storm surges, lightning, winds and extreme temperatures, with these 

events poised to increase alongside rising global temperatures. The most vulnerable facilities 

are those located in regions that are hugely exposed to extreme weather events, hence 

prompting the need for a comprehensive management framework to assess and analyse the 

resultant risks (Udie, Bhattacharyya and Ozawa-Meida 2018). Most oil and gas facilities are 

located in low-lying coastal areas (e.g. major installations in the Niger Delta; the Rotterdam 

Refinery; the Jurong Island Refinery, Singapore; Jamnagar, India; and Ras Tanura, Saudi 

Arabia) (Cruz 2010). Dole et al. (2008) posited that there was a risk of increased coastal 

flooding in such areas and changes in precipitation patterns could alter water supply regimes. 

IPCC et al. (2007) reiterated that variations in global temperatures and weather patterns could 

also increase water costs due to water scarcity. Also, Cruz (2010) suggested that climate change 

could affect water discharge requirements in extraction and production, water cooling 

requirements in distribution, storage, transportation and refining, as well as energy production. 

In the US Gulf of Mexico, permanent inundation and frequent coastal flooding are likely due 

to rising sea levels (Cruz 2010). Previous studies have also shown that extreme weather events 

have caused severe damage and losses and the frequency of these events are poised to increase 

in the next decade (Christou et al. 2012). As reported earlier, Hurricanes Rita and Katrina 

affected over 2,000 to 3,000 platforms, with 163 offshore platforms totally destroyed (Cruz 

2010). In onshore and offshore locations, pipelines spanning over hundreds of miles were 

ruptured and completely damaged, with over 46% still shut down since February 2006 (Matek 

2017). The number of spills has also been on the rise as 85,000 barrels of crude oil were 

released by Bass Enterprises in Venice, Los Angeles, while a $330 million class action 

settlement was lost when 1,800 homes were affected by 8,000 barrels of oil spilling from the 

Murphy Oil platform (Cruz 2010). In addition, over 30.2 million litres of oil have been spilled 
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from over 400 offshore and 200 onshore operations due to adverse weather conditions (Girgin 

and Krausmann 2014). Figure 3.5 illustrates the number of chemical releases and spills 

associated with natural hazards. 

 

Figure 3. 6. Number of chemical releases and spills associated with natural hazards (Cruz 2010) 

Cruz (2010) suggested that landslides and inland flooding could be triggered by torrential 

rainfall (e.g. Irene in Florida, ; Mitch in Honduras, 1998). This can also affect transportation 

through pipelines, road transport, as well as production and refining sites (Puig, Haselip and 

Naswa 2015). Onshore operations such as distribution, refining, transportation and extraction 

can be affected by flooding and heavy rains. However, production and refining operations that 

require fresh water supplies could also be affected by decreased precipitation (Girgin and 

Krausmann 2014). Panteli and Mancarella (2015) also argued that increased temperatures 

could potentially affect power plants in oil and gas facilities. Similarly, Baker et al. (2011) 

claimed that offshore operations were likely to be disrupted or completely halted by gales (high 

wind speeds). These wind speeds could also damage infrastructure and expose staff on offshore 

platforms to various health and safety risks (Adam-Poupart et al. 2013). Also, onshore 

operations could be hindered by the reduction of access to onshore facilities due to wind storms 

(Smith 2013). Indeed, most existing facilities and equipment may not withstand current 

extreme weather events as they were designed based on historic climatic conditions (Dole, 

Hoerling and Schubert 2008). Table 3.3 shows a summary of some potential climate change-

related risks faced by the oil and gas industry. 
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Table 3. 3. Climate change risks and potential impacts to the petroleum industry adapted from Smith (2013) 

Climate change risks Potential impacts 

More intense 

cyclones or storms 

Damage to assets and lost production  

More intense cyclones or storms can negatively affect the construction, offshore 

production, onshore processing and decommission phases of oil and gas projects 

resulting in either disruption of construction and production, or damage to facilities, 

or injury to personnel. These extreme events add to risk of major spills/leaks resulting 

in clean-up costs, regulatory response and litigation. Intense storm induced wave 

action from cyclones also means increased capital cost, as oil and gas offshore rig 

design requirements have to be more robust in cyclone prone regions increased 

operating costs through loss of efficiency following start up after shutdowns decreased 

revenue from refinery shutdowns and reduced production. 

More intense rainfall 

events - flooding 

Damage to assets and loss of production  

Flooding events pose risks to the oil and gas industry such as damage to facilities, 

refineries, loss of production and increasing risks of dispersal of salt and chemicals 

from coal seam gas mines onto farming land. For instance, the January 2011 Brisbane 

floods caused a ‘steam outage’ at the Caltex Lytton refinery on 5 January, prompting 

an unscheduled shutdown resulting in a decline in share price.  

More intense extreme 

weather events - 

general 

Risks of reduced asset operation, performance and higher costs of decommissioning  

More intense extreme weather may damage oil and gas infrastructure, pipelines, 

equipment, and staff accommodation which, in turn, can disrupt operations, 

performance and also add to decommissioning costs. 

More intense extreme 

weather events - 

general 

Risk of higher insurance premiums  

Greater intensity and damage from extreme weather 

events have led to a considerable increase in weather related insurance and re-

insurance costs over the last 10 years. Unmitigated climate change is forecast to 

contribute to continuing this trend leading to ongoing increases in insurance costs.  

Higher temperatures Risk of higher energy costs  

This will add to operational oil and gas industry energy 

costs in numerous subtle ways. For instance, the process of manufacturing LNG 

requires natural gas to be chilled to less than minus 160°C in order to liquefy it for 

efficient transport. Any increase in the severity or frequency of extreme temperatures 

will impact the ability of processing equipment to operate efficiently. Pre-chillers may 

also have to be added to existing LNG plants. 

Reduced water 

availability - drought 

Risk of increased water costs  

Due to climate change, average annual rainfall is expected to decrease in southern, 

western coast and subtropical Australia. This may lead to greater competition between 

oil and gas, other mining, manufacturing, farming, towns and cities for water 

resources. It will also likely lead to an expectation of increased environmental 

regulation focusing on protecting water supplies and quality. Both changes would add 

to costs for water using industries. 

Sea level rise and 

storm surge 

Flooding and damages to ports and facilities  

The storm surge from Hurricane Katrina caused the closure of nine refineries, 

resulting in the total shutdown of oil production in the Gulf of Mexico for the six-

month period following Katrina, cutting US annual oil production by over 20%. Up 

to 50% of Australia’s refineries are positioned on the coast not far above sea level. 

Caltex Australia advised in their CDP report ‘Some Caltex facilities could be impacted 

by sea level rise (in the long term).’  

More intense extreme 

weather events - 

general 

Risks of and costs of disruptions to supply chains  

More intense rainfall and extreme weather events risk disrupting supply chains and 

transportation services of critical materials, personnel, energy fuels.  

More intense 

bushfires 

Risks from bushfires  

Bushfires potentially threaten energy distribution and transmission infrastructure.  

As methane is highly flammable, gas vented from leaks in compressors or pipelines 

can be ignited by sparks or embers from bush fires and contribute to bushfire damage 

to local areas. Older corroded gas pipelines can explode and cause fires.  
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Also, Figure 3.6 shows an illustration of climate change impacts on various oil and gas 

operations. Commodity prices could be affected as annual average levels achieved in trading 

petroleum products largely determine a company’s revenue (IFoA 2016). Climate change could 

be a major factor that could trigger price fluctuations and industry instability with regard to 

commodity prices (Kruger and Chinoda 2012). Also, Gasbarro et al. (2017) suggested that 

natural disasters could play a role in causing industrial disasters, disrupting supply chains, 

making affected fields lose their commercial value and also affecting regional politics. 

Similarly, industrial accidents could lead to loss of lives, property and environmental damage 

which could further cause an increase in product prices, decreased production, political 

instability, occupational risks and safety concerns (Puig, Haselip and Naswa 2015). Climate 

change could also cause new exploitation prospects to yield less production than initially 

anticipated, which could cause conflicts (IFoA 2016). 

 

Figure 3. 7. Impacts of climate change on oil and gas operation subsectors (IFoA 2016) 

3.4.3 Impacts of climate change on asset deterioration 

Several studies have investigated the link between pipelines, climate change and extreme 

weather. Cruz and Krausmann (2013) identified the impacts of climate change on oil and gas 

Some materials have been removed from this thesis due to Third Party Copyright. Pages where material has 
been removed are clearly marked in the electronic version. The unabridged version of the thesis can be 
viewed at the Lanchester Library, Coventry University.
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delivery, processing, transportation, extraction, as well as various methods of adaptation and 

mitigation. Udie et al. (2018) suggested that climate change impacts were likely to be evident 

in oil and gas infrastructure in low-lying coastal regions exposed to extreme weather conditions 

(e.g. pipelines). However, the distinguishing factor for this study is that it critically examines 

the impact of climate change on oil and gas operations at a holistic level to incorporate it into 

a PSM model for the oil and gas industry. Indeed, climate change and extreme weather events 

increase the vulnerability of the oil and gas infrastructure to physical damage (Matek 2017). 

Pipelines are seen to be the safest and preferred method for oil and gas transportation and 

distribution (Dart, Carroll and Lartey 2017). Most pipelines are buried underground and major 

pipeline sections (river crossings, pump stations and valves) may be exposed due to soil erosion 

in areas that are vulnerable to high water velocities and flooding (Cruz 2010). Lindner et al. 

(2010) suggested that by the mid-century, the number of hot days above 950F would increase 

from 39 to 60 days. Puig et al. (2015) also opined that this number was poised to increase to 

114 days by 2100. These predicted increases in severe weather conditions could have a serious 

impact on the health of workers who are constantly exposed to these conditions, hence causing 

a decline in performance and productivity (Adam-Poupart et al. 2013). 

Apart from increasing temperatures, the continuous rise in sea levels infers that by the mid-

century, there could be a 2-feet reduction in the shorelines of coastal regions such as the US 

Gulf Coast (Campaign CC 2016). Also, there will be more intense hurricanes, higher sea levels, 

flooding and winds witnessed in the rest of the south-eastern region of the United States which 

accommodates most of the nation’s pipelines (US EPA 2017c). These events could further 

result in damaged infrastructure and disruption in oil transportation and distribution (Smith 

2013). However, impacts of climate change on transportation are not restricted to the 

continental regions of the US alone as frozen roads form the main network for Alaska’s oil 

transportation system (Girgin and Krausmann 2014). However, shorter transportation seasons 

and fewer ice roads are expected by 2100, as the mean surface temperature in Alaska is poised 

to rise between 7.6 and 160F within this period (Keystone Energy Tools 2015). 

The impacts of climate change-induced weather events are significant for critical infrastructure 

such as energy, transport and telecommunication systems worldwide (Gasbarro, Iraldo and 

Daddi 2017). Lindner et al. (2010) suggested that these systems could become more vulnerable 

to massive damage in the coming years depending on exposure levels, sensitivity, 

interdependency, age and location. Infrastructure such as steel pipelines which are vital for oil 
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and gas distribution are prone to corrosion and rupture (Okonkwo, Ahmed and Mohammed 

2015). However, Yuan et al. (2018) argued that high-strength steels such as X-80 were now 

being employed in marine environments to enhance operational integrity. Indeed, most 

pipelines failures in ocean environments are primarily triggered by corrosion, especially where 

various factors such as stresses/strains, salinity, dissolved oxygen (DO) and temperature are all 

conditions that enhance pipeline corrosion (Benamor et al. 2018). There is a huge debate in 

that the design of most existing infrastructure has failed to factor in climate change, as they 

were designed and built several decades ago when there was little understanding about climate 

change (Bolaños, Costa, and Nehren 2016). Thus, Cruz (2010) recommended that there should 

be huge investment in upgrading infrastructure to address emerging and contemporary risks 

posed by climate change, especially in regions of high uncertainty. In the United States, marine 

and railway transportation are major networks for coal and oil distribution (Adam-Poupart et 

al. 2013). However, marine transportation can be hugely affected by changes in precipitation 

which can hamper the navigability of rivers (US EPA 2017c). Similarly, US EPA (2017) have 

also suggested that railway beds can be washed away by storms and intense rainfall thereby 

causing massive damage to rail infrastructure. 

Although pipelines could explode, leak or burst because of extreme weather events, other 

factors could also trigger pipeline failure and damage (Christou et al. 2012). These include 

device failures and malfunctions, corrosion, creep and cracking mechanisms, incorrect 

operations, mechanical damage from construction, maintenance or evacuation; as well as 

material and construction defects (Matek 2017). Girgin and Krausmann (2014) suggested that 

pipelines could freeze, expand and rupture due to rapid temperature swings. However, water 

trapped in pipelines valves has frozen, then cracked and released hydrocarbons due to sub-zero 

temperatures (Matek 2017). Also, pipes above ground level have been destroyed by trees 

knocked down by fierce winds and heavy rain (Cruz 2010). Moreover, pipelines have also 

ruptured and burst due to flooded soil being moved above or below them (Girgin and 

Krausmann 2014). 

Natural hazards pose significant threats to pipelines transporting hazardous substances. A 

comprehensive analysis of natural disaster-induced pipeline accidents by Girgin and 

Krausmann (2014) revealed that 37% of onshore pipeline natechs was triggered by geological 

hazards, while climatic factors caused 14%, hydrological caused 14% and meteorological 

caused 29%. Landslides and earthquakes were the main geological hazards with 46% and 9%, 
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respectively. Lightning was the major meteorological hazard with 36%. Flooding caused 86% 

of hydrological natechs, while low temperature and frost hazards made up 94% of climatic 

hazards. However, the data was recorded to have a 24% uncertainty in its analysis. Further 

analysis by Girgin and Krausmann (2014) showed that from 1986 to 2012, 6.2% of 3,800 

significant incidents were triggered by natural hazards leading to release of 317,700 barrels of 

hazardous substances. The cost of all these incidents was estimated at $597 million, with over 

50% of the incurred damages caused by tropical cyclones. Furthermore, a report by the World 

Offshore Accident Database (WOAD) revealed that 25% of equipment-related accidents from 

1970 to 2009 was caused by weather events. 

More intense rainfall could increase production and maintenance costs due to the rapid 

deterioration of assets (Cruz 2010). Delivery and distribution networks such as road and 

railway infrastructure can also be affected by storms and heavy rainfall (Udie, Bhattacharyya 

and Ozawa-Meida 2018). Similarly, there could be a heaving of embankments and land 

subsidence caused by flooding (Girgin and Krausmann 2014). In areas where acid rain and 

frequent freeze-thaw cycles have been experienced, the accelerated deterioration of 

transportation structures may occur (Dole, Hoerling and Schubert 2008). There are certain case 

studies such as the 1984 flood in the San Jacinto River, Houston, Texas and the 2007 

Coffeyville Refinery spill, Kansas. The San Jacinto flooding event resulted in 8 ruptured and 

29 undermined pipelines, oil spills of 35,000 barrels, the ignition of spilled oil, injuries to 547 

people and $23 million in damage costs (Matek 2017). The Coffeyville Refinery incident 

resulted in a spill of 40,000 gallons of crude oil, 2,500 affected homes and buildings and the 

contamination of surrounding lakes and rivers (Cruz 2010). Flooding in oil fields and refineries 

also have catastrophic consequences due to the presence of electrical equipment and other 

utilities (Smith 2013). There could be power failures or short circuiting resulting in an 

unexpected shutdown or process disruptions (Benamor et al. 2018). Also, storage tanks may 

float away from their foundations depending on the intensity of the flood (Cruz 2010). More 

importantly, oil could float up and out of internal drainage systems if they are flooded (IPCC, 

UNEP, and WMO 2007). A typical case study is the 2002 flood in the Samir Refinery, Morocco 

(Cruz 2010), which saw water levels in the refinery rise to 1.5 metres, causing the ignition and 

explosion of the internal oil drainage system, the deaths of two workers and the destruction of 

over 70% of the thermo-electric power plant. 
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3.4.4 Likely Resultant Effects of Climate Change on Process Safety 

Although PSM systems have been applicable in the oil and gas industry for decades, the 

continuous rates of process accidents in the oil and gas industry suggest that there is an 

underlying issue with these existing PSM systems (Amir-Heidari et al. 2016). Moreover, there 

are suggestions that climate change is often overlooked as a possible causal factor of process 

accidents in the oil and gas industry (Puig, Haselip and Naswa 2015). In 2002, the Samir 

Refinery flood in Morocco caused water levels to rise to 1.5 metres, thereby causing the 

ignition and explosion of internal oil drainage system, the deaths of two workers and the 

destruction of over 70% of the thermo-electric power plant (Cruz 2010). However, it remains 

to be seen if climate change could have played a major part in any of these accidents. Therefore, 

there is a need to research possible impacts of climate change on oil and gas operations. 

Nonetheless, there are suggestions that increasing impacts of climate change such as rising 

temperatures, increasing sea levels, severe weather events, hurricanes, typhoons, cyclones, 

tornadoes and extreme rainfall etc. could have significant impacts on oil and gas assets and 

operations (Udie, Bhattacharyya and Ozawa-Meida 2018). Landucci et al. (2017) suggested 

that upstream activities were more likely to be affected by harsh offshore conditions such as 

rising sea levels, severe weather events and increased temperatures, which could in turn could 

affect workers, equipment and the job processes. IIGCC et al. (2017) asserted that midstream 

activities such as the transportation of staff by helicopters to offshore locations could also be 

impacted negatively by factors such as excessive rainfall and storms. Similarly, Cruz (2010) 

opined that the transportation of petroleum products through pipelines could pose huge risks if 

exposed to harsh climatic conditions that could lead to their deterioration and rupture. Udie et 

al. (2018) argued that assets in harsh climatic conditions were prone to various rates of 

deterioration. Also, Landucci et al. (2017) questioned the ability of oil and gas assets that were 

designed several decades ago to withstand the harsh climatic conditions of the present times. 

Panteli and Mancarella (2015) suggested that if these facilities and equipment were still being 

designed as they were in previous years, their integrity may be hugely affected. These 

arguments are mainly fuelled by increasing impacts of climate change in oil and gas operations 

in various regions, both in onshore and offshore locations (Smith 2013). 

There is reason to believe that adverse temperatures, rainfall and weather events in most of 

these regions, especially in offshore waters, will continue to intensify and arguably be 

exacerbated in the future (Petrick et al. 2017). Girgin and Krausmann (2014) asserted that 14% 
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of “pipeline natural disaster-triggered technological” (natech) accidents in the United States 

were influenced by adverse climatic conditions. However, in France, harsh climatic conditions 

is the leading cause of 36% of pipeline natech events. In August 2017, an explosion was 

recorded at a Texas chemical plant due to excessive flooding after tropical storm “Harvey” 

(Dart, Carroll, and Lartey 2017). Similarly, there were huge fears that excessive flooding could 

lead to the release of hydraulic fracturing fluids into the environment (Atkinson and King 

2013). 

A report by the Colorado Department of Natural Resources in 2013 revealed that 43,134 barrels 

of crude oil were released from production and transportation facilities due to extensive 

flooding (Holsberg 2013). The Hurricane Katrina and Rita events triggered the release of over 

600 hazardous materials from offshore platforms and pipelines (Matek 2017). Thus, it is 

imperative that facilities and equipment are designed with climate change in mind (Udie, 

Bhattacharyya, and Ozawa-Meida 2018). However, it should be noted that new hazards may 

be introduced into a system if plant designs and operations are modified without a robust 

management of change process (Panteli and Mancarella 2015). Also, a new set of safety and 

environmental risks could be introduced due to amendments in the supply chain and processes 

without effective PSM implementation (Gardener et al. 2011). Kishawy and Gabbar (2010) 

identified engineering systems and pipeline integrity management practices which could curb 

damages to pipelines and other facilities; however, their study failed to incorporate climate 

change in their analysis. Hence, this study is geared towards assessing the impacts of climate 

change on oil and gas operations and designing a PSM system that includes climate change in 

its framework. 
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Chapter Four 

Research Methodology 

4.0 Introduction 

This chapter provides an insight into the methodological approach used for collecting and 

analysing data in this study. Consequently, it conducts a thorough examination of procedures, 

techniques and methods employed in the study. The sections of this chapter include the 

research methodology, research design, research methods, data collection methods, population 

sample, data triangulation, data analysis techniques, reliability, validity and generalisability of 

the study. This study adopts a pragmatic research paradigm by employing a “concurrent 

triangulation” mixed method approach of quantitative and qualitative methods to corroborate, 

cross-validate and confirm the findings of this study. The study data were obtained from both 

primary and secondary sources to ensure the robustness of information required to achieve the 

aim and objectives of the study. The research question was centred around the impact of climate 

change on oil and gas operations. This aided in determining the aim of the study which was to 

develop an integrated process safety management and climate change model for the oil and gas 

industry. This PSM system can be termed as an integrated PSM and climate change model 

because it integrates climate change into its framework; a contemporary issue that could 

influence oil and gas operations. The objectives of the study are - 

i. To analyse trends of process accidents in the oil and gas industry. 

ii. To investigate whether climate change affects oil and gas operations. 

iii. To develop an integrated process safety management and climate change model for 

the oil and gas industry.  

iv. To validate the integrated PSM and climate change model through input from 

professionals in the oil and gas industry. 

4.1 Methodology 

The research methodology provided information on the nature of the reality (ontology), 

knowledge (epistemology) and values (axiology) for this study in order to provide justification 

for its chosen philosophy/paradigm. A paradigm is a means of defining a world perspective 

through philosophical postulations about its ontology (what we believe about the nature of 

reality), epistemology (means of knowing what we know) and axiology (what we believe is 
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true) (Quinn 2002). Thus, a paradigm helps us to make enquiries and adopt suitable approaches 

to how we should study the world (methodology). Ontology helps to identify if we believe in 

multiple, socially constructed realities or if there exists one verifiable reliability (Bryman 

2012). Epistemology asks certain questions about the nature of truth and knowledge such as 

the sources of knowledge, their reliability, what one can know and how to identify the truth 

(Creswell and Creswell 2018). These paradigmatic facets all aid in ascertaining the beliefs and 

assumptions that construct the researcher’s perspective of a research problem, how it can be 

investigated and the methods that could be employed in answering it (Mackenzie and Knipe 

2006). 

4.1.1 Ontology 

Blaikie (2009) defined ontology as the study or science of being, which is focused on the nature 

of reality. Ontology can be seen as a system of certainty that mirrors a person’s understanding 

about what makes a fact. Hence, ontology is centred on the question of perceiving social entities 

as subjective or objective. Objectivism (also known as positivism) is the notion that social 

phenomena exist in reality independent of social actors influencing their existence (Saunders 

et al. 2009). Likewise, objectivism is an ontological view that avows that social entities and 

their connotations have an existence that does not depend on social actors (Bryman 2012). 

However, subjectivism (also called interpretivism or constructionism) asserts that social 

phenomena are constructed from the beliefs and resultant actions of social actors that influence 

their existence. Hence, constructionism is an ontological stance which affirms that social 

phenomena and their inferences are continuously being achieved by their social actors. As seen 

in Table 4.1, it is important to identify the ontology at the start of every research as it helps in 

choosing the right philosophies and design. 

Table 4. 1. Ontology of research philosophies adapted from Saunders et al. (2009) 

Research philosophy Ontology: the researcher’s view of the nature of reality or being 

Positivism External, objective and independent of social actors 

Interpretivism Socially constructed, subjective, may change, multiple 

Realism Is objective. Exists independently of human thoughts or beliefs or knowledge of their 

existence (realist), but is interpreted through social conditioning (critical realist) 

Pragmatism External, multiple, view chosen to best enable answering of research question 

According to Table 4.1, the best suited philosophy for this study will be pragmatism as it tends 

to explore multiple standpoints in answering the research question. This study is multifaceted 
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in that it explores impacts of climate change on oil and gas operations, as well as incorporating 

these findings to develop an integrated PSM and climate change model for the oil and gas 

industry. Hence, any approach that supports flexibility and multiple perceptions will be best 

suited for this research. 

4.1.2 Epistemology 

Epistemology is a branch of philosophy focused on the sources, limitations, nature and 

possibilities of knowledge. Likewise, it can be termed as the study of the researcher’s views 

towards what constitutes acceptable knowledge. While epistemology focuses on what is known 

as truth, it opposes the ontological way of thinking which focuses on reality or being. Sources 

of knowledge in philosophy can be classified into four main categories: - 

• Empirical knowledge: objective facts that can be illustrated and have been proven 

• Logical knowledge: application of rational reasoning to create new knowledge 

• Authoritarian knowledge: information obtained from experts, research papers, books 

etc. 

• Intuitive knowledge: relies on beliefs, faith, perception etc. and is mostly influenced by 

human feelings rather than facts. 

It is possible to apply all four forms of knowledge in a particular study. For instance, intuitive 

knowledge could be useful in identifying problem areas to be explored as part of the study, 

while authoritative knowledge can be obtained during the literature review process. However, 

logical knowledge can be obtained during analysis of the primary data findings while empirical 

knowledge can be gained when concluding the research. Among the several branches of 

epistemology, rationalism and empiricism are the two most commonly debated. While 

rationalism focuses on empirical findings obtained through reliable and valid measures, 

empiricism allows for knowledge acquisition through personal experiences linked with sense, 

feelings and observations. The research methods employed in a study are dependent on the 

epistemology accepted by the researcher. Table 4.2 shows the epistemological standpoints of 

various research philosophies. 
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Table 4. 2. Epistemology of research philosophies in social science research adapted from Saunders et al. 

(2009) 

Research philosophy Epistemology: the researcher’s view on what constitutes acceptable knowledge 

Positivism Only observable phenomena can provide reliable facts and data 

Focus on casualty and law-like generalisations, reducing phenomena to simplest 

elements 

Interpretivism Social phenomena and subjective meanings 

Focus on motivating actions, subjective meanings, details of situation and reality 

behind these details 

Realism Observable phenomena can provide reliable facts and data 

Insufficient data means inaccuracies in sensations (direct realism). Alternatively, 

phenomena create sensations which are open to misinterpretation (critical realism).  

Pragmatism Either or both observable phenomena and subjective meanings can provide acceptable 

knowledge dependent upon the research question. 

Focus on practical applied research, integrating different perspectives to help interpret 

the data. 

The epistemologies of various research philosophies shown in Table 4.2 suggest that the best 

suited research philosophy for this study is pragmatism. The pragmatic paradigm applies both 

objective and subjective reasoning to answer the research questions. Also, it integrates various 

approaches to help interpret data. This allows for input from the the researcher, as well as the 

utilisation of hard facts from observable phenomena. This study will observe climate change 

impacts on oil and gas operations. Likewise, there will be input from the researcher as to how 

the integrated PSM and climate change model should be developed. This fits into the 

epistemology of pragmatism by being both objective and subjective. 

4.1.3 Axiology 

Axiology is a branch of philosophy involved with assessing the researcher’s values throughout 

the research process. It therefore tries to clarify if the researcher is attempting to predict or 

explain the world, or merely trying to understand it. Fundamentally, axiology focuses on what 

values the researcher has concerning his research, as these values will have an effect on how 

the research is conducted and how the research findings are interpreted. Table 4.3 highlights 

the axiology of different research philosophies and how they are linked with data collection 

methods. 
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Table 4. 3. Axiology of research philosophies and suitable methods for data collection. Adapted from 

Saunders et al. (2009) 

 
Axiology Data collection methods 

Pragmatism Values play a large role in interpreting results, the 

researcher adopting both subjective and objective points 

of view 

Mixed or multiple method designs, 

quantitative and qualitative 

Interpretivism Research is value bound, the researcher is part of what is 

being researched, cannot be separated and so will be 

subjective 

Small samples, in-depth 

investigations, qualitative 

Realism Research is value laden; the researcher is biased by 

world views, cultural experiences and upbringings. 

These affect research findings. 

Methods chosen must fit the 

subject matter, quantitative or 

qualitative 

Positivism Research is undertaken in a value-free way, the 

researcher is independent from the data and maintains an 

objective stance 

Highly structured, large samples, 

measurement, quantitative can 

also use qualitative 

The best suited research philosophy for this study according to Table 4.3 is pragmatism. This 

is because the researcher adopts both a subjective and objective stance in interpreting the 

research findings. The researcher’s subjective perspective in this study is that climate change 

is an important factor that has been omitted from previous PSM systems. However, the 

objective notion is poised to be sought through questionnaires, interviews and archive data in 

order to establish if indeed, climate change is important to process safety management. This 

points to the fact that the axiology of a research is fundamental in establishing the hypothesis 

and aim of that study. 

As illustrated in Figure 4.1, the Research Onion designed by Saunders et al. (2009) describes 

the phases that the researcher must pass through during the formulation of a research 

methodology. First, the research philosophy provides a background for the suitable research 

approach to be adopted in the second step. The third step involves the appropriate research 

strategy, while the fourth step highlights the choice of methods to be applied in the study. The 

fifth step identifies the time horizon for the study, while the sixth step identifies appropriate 

data collection and analysis methods. The Research Onion is vital in gaining understanding of 

different data collection methods, the rationale for selecting them and the steps to be followed 

in carrying out a research methodology. 
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Figure 4. 1. The Research Onion adapted from Saunders et al. (2009) 

The research’s ontology, epistemology and axiology serve as justification for choosing 

pragmatism as the research paradigm for this study. The selected approach for this study is the 

deductive approach which develops hypotheses based on pre-existing theory and then frames 

the research approach to test it. Wiles et al. (2011) suggested that this approach was best suited 

to research projects that examine the relationship between previous research and observed 

phenomena. This approach therefore applies to this study as it benchmarks other PSM models 

and the impacts of climate change on oil and gas operations to develop an integrated PSM and 

climate change model for the oil and gas industry. The two key strategies adopted for this 

research include surveys and archival research. This is because the research is based on 

collecting survey data using questionnaires and interviews, as well as archive data from 

accident databases and company documents. The choice of methods involves a concurrent 

triangulation mixed method approach where data collection is concurrent. Both quantitative 

and qualitative methods are employed to confirm, cross-validate and corroborate the findings. 

This is useful in that both methods use their strengths to overcome the weaknesses of using just 

one method. The time horizon for this study is cross-sectional, as data will be collected at a 

certain point during the research; unlike longitudinal, where data is collected repeatedly over 

an extended period of time. Data collection for this study will be conducted using 
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questionnaires, interviews, accident databases, literature and company documents such as 

maintenance records and PSM frameworks. 

4.2 Research Design 

The research design for a study is the general strategy employed to integrate its various sections 

in a logical and coherent manner in order to address the aim and objectives of the research 

(Labaree 2018). Due to the diverse and complex nature of the oil and gas industry, a mixed 

methods approach of quantitative and qualitative analysis was used for collecting the data to 

develop an integrated process safety management and climate change model for the oil and gas 

industry. Creswell and Creswell (2018) suggested that the application of mixed methods aids 

in a more robust analysis with less bias in the participants’ responses; thus, questionnaires and 

interviews were jointly employed to achieve the study’s aim and objectives. It is quite 

important to include the aim and objectives as part of the research design, with Creswell and 

Clark (2007) suggesting that this could help the researcher in achieving better results relating 

to the study. Consequently, the research design for this study was adopted from Mackenzie and 

Knipe (2006) as shown in Figure 4.2. 
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Figure 4. 2. Research design for the study adapted from Mackenzie and Knipe (2006) 

The research design for this study was adopted from Mackenzie and Knipe (2006), by 

following each step detailed in Figure 4.2. The rationale for each of these steps are detailed in 

further sections of this chapter. Firstly, this study adopts a pragmatic paradigm since it explores 
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the consequences of actions, is problem-centred, pluralistic, real-world practice oriented and 

allows for the use of mixed models (Creswell and Creswell 2018). The study’s area of 

investigation is focused on process safety management (PSM) in the oil and gas industry. The 

predominant approach taken for this study is a correlational research approach which tries to 

establish a relationship between climate change and oil and gas operations. The selected 

approach is due to the continuous occurrence of process accidents despite the PSM systems 

currently being applied in the oil and gas industry. After a thorough literature review of PSM 

in the oil and gas industry, this study identified a gap in the knowledge in that these PSM 

models failed to consider contemporary concepts such as climate change in their design; hence 

posing a risk to oil and gas operations conducted under harsh climatic conditions. Therefore, 

the data collection for this study employed the “concurrent triangulation” method of 

quantitative and qualitative data to ensure the robust analysis of key variables such as climate 

change, oil and gas operations and process safety management. Consequently, the data 

collection tools for this study included questionnaires, interviews, archive data and 

documentary analysis. The data collection for this study was conducted over a period of 6 

months. Firstly, it involved piloting the questionnaire among academic and industry 

professionals to identify any errors, as well as testing and refining the data collection 

instrument. Next, the study was approved as a medium-risk project by Coventry University’s 

Ethics Committee, as primary and secondary data were collected from archive data, documents, 

questionnaires and interviews. The population sample for the study included oil and gas 

industry professionals such as Mechanical Engineers, Facility Managers, Production and Well 

Engineers, Process Engineers, Health and Safety Officers, as well as Safety and Reliability 

Engineers. The questionnaires used for this study were designed using the Bristol Online 

Survey (BOS) tool and covered questions bordering climate change, oil and gas operations, 

together with process safety management in the oil and gas industry. Accident data were also 

collected from the International Association of Oil and Gas Producers (IOGP) database to 

conduct a preliminary analysis of accident trends in the oil and gas industry. Data of PSM 

models and their elements were sourced from company websites and peer-reviewed journals. 

Archive data were also sourced from peer-reviewed academic papers to obtain maintenance 

and corrosion data which were used in establishing a relationship between climate change, 

asset deterioration, as well as oil and gas operations. These data were predominantly collated 

and analysed using various software such as Zotero, Microsoft Excel and SPSS Statistics. 

Statistical analyses conducted in this study included trend analysis, descriptive statistics, 

Pearson’s correlation, Cronbach’s alpha reliability analysis, qualitative content analysis and 
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Relative Importance Index (RII). Lastly, the findings of this study were justified using various 

peer-reviewed academic literatures on the topic. 

4.3 Research Philosophy/Paradigm 

The researcher’s theoretical framework greatly influences the definition of the research, with 

theory going beyond local events to establish relationships between constructs and similar 

events in order to better explain a phenomenon (Mertens 2007). This theoretical framework 

which influences the study and the interpretation of knowledge is known as a paradigm. The 

selection of a paradigm defines the aim, rationale and expectations for the research. Without 

firstly choosing a suitable paradigm, any further selections regarding the research design, 

methods, methodology and literature will have no basis. As mentioned earlier, Quinn (2002) 

saw a paradigm as a means of defining a world perspective through philosophical postulations 

about ontology (what we believe about the nature of reality), epistemology (means of knowing 

what we know), and axiology (what we believe is true). Thus, different paradigms and their 

theoretical underpinnings are discussed in this section such as postpositivist (and positivist), 

interpretivist (constructivist), transformative and pragmatism. 

4.3.1 Positivist and Postpositivist paradigms 

Empiricist and rationalistic philosophies that emanated from philosophers such as Emmanuel 

Kant, August Comte, John Locke, Francis Bacon and Aristotle form the theoretical framework 

of the positivist paradigm (also known as science research or the scientific method). Its 

principles assert that the social world can be studied in a value-free manner, similar to the 

natural world by providing explanations of a causal nature (Mertens 2007). O’Leary (2004) 

suggested that positivism aims to use measurements and observations to describe an experience 

and test a theory in order to predict and control the forces surrounding us. However, the 

postpositivist paradigm replaced the positivist theory after World War II, arguing that research 

is influenced by well formulated theories including the one being tested. However, the 

definition of post-positivism by O’Leary (2004) suggested that the world is multiple, variable 

and ambiguous in its realities; which is aligned with the constructivist paradigm. This infers 

that one person’s truth may not be the same for another. While Mertens (2007) suggested that 

quantitative methods of data collection and analysis are predominant in postpositivist and 

positivist research, O’Leary (2004) argued that postpositivist research is exploratory and 

inductive, holistic and intuitive, with qualitative findings. 
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4.3.2 The Constructivist/Interpretivist paradigm 

The study of hermeneutics (interpretive understanding) by Wilhelm Dilthey and the 

phenomenology of Edmund Husserl birthed the paradigm of constructivism/interpretivism 

(Creswell 2003). These paradigms attempt to explain the world of human experience through 

the assumption that reality is socially constructed. Interpretivists seem to base their assertions 

on the views of participants regarding a situation under investigation, as well as the influence 

of their own experiences and background. Unlike postpositivists who begin with a theory, 

constructivists inductively develop or generate a pattern or theory of meanings throughout the 

process of the research. The method of data collection and analysis is usually qualitative; 

however, quantitative methods could be jointly employed to support the qualitative data and 

expand the description of the research findings. 

4.3.3 The Transformative paradigm 

The transformative paradigm was formed in the 1980s due to the fact that the preceding 

paradigms had some psychological and sociological limitations such as research being solely 

based on the use of male subjects (Mertens 2007). It was argued that the constructivist 

paradigm did not effectively address issues of marginalised people and social justice. The 

transformative paradigm posits that there needs to be a link between politics and the research 

inquiry, such that an action agenda for reform can positively change the researcher’s life, the 

institutions in which individuals live or work and the life of the participants. This paradigm 

adopts both qualitative and quantitative methods for the data collection and analysis, just like 

constructivism. However, the application of mixed methods provides a structure for developing 

a fuller picture of the social world by using multiple views, thereby aiding a better 

understanding of a greater diversity of positions, stances and values. 

4.3.4 The Pragmatic paradigm 

The research paradigm adopted for this study was pragmatism because of the practical nature 

of its underpinning theories in problem solving (Morgan 2014). This research philosophy was 

introduced in the United States in the 1870s by William James, John Dewey and Charles 

Sanders Peirce (Campbell 2007). The pragmatist philosophy suggests that ideas should be 

practically applied to test them in human experiences (Feilzer 2010). There has been an 

ongoing debate about the better research philosophy between positivism and constructivism 

(Morgan 2014). Positivism is a research philosophy that is centred on empiricism, suggesting 

that positive or verified knowledge is a function of a logical or mathematical proof to natural 
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phenomena (Trochim 2006). Alternatively, constructivism is a more open-minded philosophy 

which argues that knowledge can be obtained through human and social interaction, but not by 

scientific approximations with varying degrees of accuracy (Rockmore 2005). However, 

pragmatism argues that the adopted philosophy for any research is dependent on the research 

question; where one approach may tend to be better suited than another based on the questions 

and objectives of the research (Morgan 2014). In a situation where the research question does 

not necessarily suggest that either the positivist or constructivist approach is appropriate, then 

the pragmatic research paradigm suggests that both philosophies can be applied (Feilzer 2010). 

Similarly, this same principle applies in the application of mixed methods when analysing data, 

in which quantitative and qualitative methods can be applied (Creswell 2013). Although 

Creswell and Creswell (2018) suggested that mixed methods could be used with any paradigm, 

in pragmatism, the research problem is central to the choice of data collection and analysis that 

is adopted to understand the problem without any loyalty to other paradigms. Saunders et al. 

(2009) suggested that research philosophies should not be seen as opposite positions when 

embarking on a research but rather as a continuum. Patel (2015) opined that in some cases, 

there had to be an interaction between the researcher and the knowledge being explored. 

However, some studies require the researcher to stand apart from the study being conducted 

(Saunders et al. 2009). Pragmatism as a research philosophy has been brought under criticism 

for failing to be precise enough in defining its core tenets, with Arthur Lovejoy suggesting in 

his book The Thirteen Pragmatisms (1908) that there were 13 different philosophical positions 

all addressed as pragmatism (cited in Campbell 2007). Nonetheless, pragmatism is often touted 

as a paradigm that intuitively challenges the researcher to flexibly explore his analytical skills 

based on the study and avoid pointless debates about the most preferred option (Morgan 2014). 

Moreover, the most important factor in a research is that its results promulgate positive and 

wide-reaching impact, irrespective of the chosen paradigm (Patel 2015). Consequently, this 

study has adopted a pragmatic approach due to the mixed methods that have been applied to 

achieve the aim and objectives of the research, as highlighted in Table 4.4. Also, considering 

the nature of the study and the variables to be analysed, a pragmatist approach was best suited 

for this research. From a positivist standpoint, the analysis of accident trends in the oil and gas 

industry, as well as assessing the impacts of climate change on oil and gas operations, would 

adopt the use of quantitative methods. However, from a constructivist perspective, designing 

and validating the integrated PSM and climate change model would most likely be conducted 

using qualitative data such as interviews and document reviews. 
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Table 4. 4. Research paradigms and their languages, methods and tools adapted from Mertens (2007), 

Creswell and Creswell (2018) and Mackenzie and Knipe (2006) 

 
Positivist/Postpositivist Interpretivist/Constructivist Transformative Pragmatic 

Languages 

commonly 

associated 

with major 

research 

paradigms 

Normative 

Determination 

Causal comparative 

Theory verification 

Reductionism 

Correlational 

Quasi-experimental 

Experimental 

Symbolic interaction 

Theory generation 

Social and historical 

construction 

Multiple participant meanings 

Ethnographic 

Interpretivist 

Hermeneutic 

Phenomenological 

Naturalistic 

Political 

Race specific 

Queer theory 

Critical theory 

Interventionist 

Change-oriented 

Empowerment 

issue oriented 

Grand Narrative 

Advocacy 

Emancipatory 

Participatory 

Freirean 

Critical race 

Theory 

Feminist 

Neo-Marxist 

Mixed models 

Real-world 

practice 

oriented 

Pluralistic 

Problem-

centred 

Consequences 

of actions 

Primary 

Methods 

Quantitative methods 

(Qualitative is rarely 

used) 

Qualitative methods 

(Quantitative is rarely used) 

Qualitative 

methods with 

quantitative and 

mixed methods 

(Contextual and 

historical factors 

described with 

regards to 

oppression) 

Qualitative 

and/or 

quantitative 

methods. 

Methods are 

matched to 

specific 

questions and 

purpose of the 

research. 

Data 

collection 

tools 

Scales 

Tests 

Quasi-experiments 

Experiments 

Visual data analysis 

Document reviews 

Observations 

Interviews 

Diverse range of 

tools – particular 

need to avoid 

discrimination 

e.g. sexism, 

racism and 

homophobia 

May include 

tools from 

both positivist 

and 

constructivist 

paradigms e.g. 

interviews, 

observations, 

testing and 

experiments 

4.4 Research Methods 

As the pragmatic research paradigm has been selected for this study, the principles of mixed 

methods research were adopted as the main research method. The pragmatic paradigm allows 

for different types of data collection and analysis, different assumptions, different worldviews 

and multiple methods in the mixed methods research. Another major reason for selecting the 

pragmatic research paradigm is that its research methods are chosen based on the purpose and 

key questions of the research. It also adopts tools from both the constructivist and positivist 

paradigms such as experiments, testing, observations and interviews which will mostly be 

applied in this study. This infers that the research question and paradigm are determinants when 
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choosing the appropriate methods for data collection and analysis. This flaws the notion of 

mixed methods, qualitative or quantitative researchers, as researchers are more flexible in 

applying the best suited data collection and analysis method for a specific study. It should also 

be noted that all paradigms can employ mixed methods at particular stages of the research 

process, rather than being limited to a sole method that could impact the robustness of the 

study. There also seems to be an argument about what forms a qualitative or quantitative 

research. O’Leary (2004) suggested that these could be adjectives used in determining the type 

of data collection and analysis method to be employed; with quantitative data dealing with 

numbers and statistical analysis while qualitative data are depicted using icons, pictures, words 

and thematic analysis. However, previous research texts have referred to these terms as 

paradigms and theoretical approaches to a research {Citation}. Nonetheless, this study refers 

to ‘quantitative’ and ‘qualitative’ purely as forms of data collection and analysis. However, 

previous research texts have referred to these terms as paradigms and theoretical approaches 

to a research (Mackenzie and Knipe 2006). Nonetheless, this study refers to ‘quantitative’ and 

‘qualitative’ purely as forms of data collection and analysis. 

4.4.1 Quantitative Research 

Quantitative research involves the methodical experimental examination of noticeable 

occurrences through the application of computational, mathematical or statistical techniques 

(Neuman 2002). Data in quantitative research can be represented as percentages and statistics 

which are analysed by the researcher with the aim of achieving unbiased results with reference 

to a larger population sample (Dörnyei 2007). It differs distinctively from qualitative research, 

which employs the use of visual-based data, narratives or text to explore and describe the 

meaning of certain concepts based on the set of participants involved in the analysis (Creswell 

2013). Also, while qualitative methods can be used in producing information and hypotheses 

on case studies, quantitative research aids in validating and ascertaining the true hypothesis 

(Creswell and Clark 2007). In certain areas of this study, quantitative methods have been 

adopted to meet the key aim and objectives of this research. These include analysing trends of 

process accidents in the oil and gas industry and assessing the impact of climate change on oil 

and gas operations. 

4.4.2 Qualitative Research 

This study also employed qualitative methods of data collection and analysis from primary and 

secondary data sources. The qualitative approach is an inductive method that examines data to 
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aid in generating a hypothesis for formulating theories (Thomas 2006). It is a useful approach 

when investigating gaps presented by a problem and proffering useful solutions to them (Flick 

2009). However, this method is usually time-consuming and its results are cognitive rather than 

accurate when juxtaposed with the quantitative approach (Creswell 2013). Nonetheless, the 

robust information required for the in-depth analysis of this study means that the qualitative 

approach will also be suited for certain aspects of this research (Savin-Baden and Major 2013). 

Consequently, this study has applied the qualitative approach as part of a mixed method 

approach to develop an integrated process safety management and climate change model for 

the oil and gas industry. Certain qualitative methods that were applied in this study include 

PRISMA, comparative analysis, content analysis, framework design and qualitative interviews. 

4.4.3 Mixed methods 

Due to the increasing complexity in the design of research approaches and their flexibility in 

applying research methods, mixed methods are now seen as more common and acceptable. 

According to Creswell and Creswell (2018), a mixed methods approach involves collecting 

both text information (e.g. from interviews) and numerical information (e.g. on instruments) in 

order for the final output to be reflective of qualitative and quantitative information. Mixed 

methods or combined research is seen as a huge improvement in various research disciplines 

since they strengthen the outcomes of a research study. However, this method requires a higher 

skill level, can cause vital information to be misused, creates room for criticisms of other 

research types, but most importantly, has a greater impact. This impact is due to the fact that 

qualitative stories are better remembered by policy makers and used repeatedly for illustrations, 

whilst quantitative figures also aid in persuading them to act. In actual terms, no paradigm 

suggests or restricts the use of only one research method; rather, they each suggest that a fully 

effective and robust research must incorporate elements of both quantitative and qualitative 

methods. 

In mixed methods, interpretation is continuous and can impact various phases of the research 

process. Also, the researchers adopt any data collection technique available to them and sample 

sizes differ based on the methods applied. Depending on the research process, experience, 

knowledge and prior literature, research problems can also become hypotheses and/or research 

questions. The major advantage of mixed methods is that it overcomes the limitations of using 

a single design. The choice of mixed methods for this study is further strengthened in Table 
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4.5 as one of the key objectives of this study involves designing and validating a PSM 

instrument. 

Table 4. 5. Features, advantages and weaknesses of mixed methods adapted from Creswell and Creswell 

(2018) 

Features 
Advantages Weaknesses 

• To address a theoretical 

perspective at different levels 

• To address a question at 

different levels 

• To overcome the weaknesses of 

a single design 

• To complement the strengths of 

a single design 

• To serve a theoretical 

perspective 

• To develop and test a new 

instrument 

• To explore a phenomenon 

• To explain and interpret 

• Positions research in a 

transformative framework 

• Helps in designing and 

validating an instrument 

• Helps to generalise, to an extent, 

qualitative data 

• Useful when unexpected results 

arise from a prior study 

• Easy to describe and report 

 

• Little guidance on 

transformative methods 

• Difficult to decide when to 

proceed in sequential designs 

• Some designs generate unequal 

evidence 

• Resolves discrepancies between 

various types of data 

• Time-consuming 

 

 

4.4.4 Justification for the chosen research method 

This study is based on developing an integrated PSM and climate change model for the oil and 

gas industry. One of the objectives of this study involves analysing process accident trends in 

the oil and gas industry, which requires the collection of quantitative accident data from the 

IOGP accident database. Also, these accident data were analysed using quantitative analytical 

techniques such as trend analysis and descriptive statistics. To determine the impacts of climate 

change on oil and gas operations, quantitative data was collected from oil and gas professionals 

using questionnaires, as well as qualitative data through interviews. These data were analysed 

using quantitative techniques such as descriptive statistics, Cronbach’s alpha reliability 

analysis and Pearson’s correlation to determine the degree of association and the strength of 

the relationship between climate change and oil and gas operations. Qualitative data was 

collected from literature articles, company websites and government legislation documents in 

order to develop an integrated PSM and climate change model for the oil and gas industry. The 

qualitative techniques applied in analysing the various PSM frameworks include content and 

comparative analysis. Also, the designed framework was validated through input from oil and 

gas professionals involved in the study. Also, the pragmatic paradigm supports the use of 

quantitative and qualitative methods in addressing the research question and aim of the research 

(Mackenzie and Knipe 2006). Therefore, it is evident from the research ontology, 

epistemology, axiology, paradigm, data collection methods and analytical techniques for this 
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study that the best research method for this study would be the mixed methods approach. For 

this study, a “concurrent triangulation” mixed method design strategy was selected where data 

collection was concurrent and both quantitative and qualitative methods were employed to 

confirm, cross-validate and corroborate the findings (Creswell and Creswell 2018). This 

method is useful in that both methods use their strengths to overcome the weakness in using 

just one method. 

4.5 Data Collection Methods 

This study utilised quantitative and qualitative data from primary and secondary sources. In 

order to meet the study’s first objective, accident data were sourced from the International 

Association of Oil and Gas Producers (IOGP) database to analyse trends of process accidents 

in the oil and gas industry. Accident data retrieved from this database included the 2016 safety 

performance indicators report comprising process safety events, fatal incidents and highly 

potential events. Health and safety regulations were also assessed from the Health and Safety 

Executive (HSE) website, as well as the GOV.UK website. Academic journal databases were 

explored to retrieve peer-reviewed research papers that were related to process safety 

management systems in the oil and gas industry. These databases included Science Direct, 

Scopus, Google Scholar, Research Gate, Academia and Wiley Online Library. Questionnaires 

and interviews were employed to collect data from oil and gas professionals on the impacts of 

climate change on oil and gas operations. Archive data such as adverse climate events including 

hurricanes, wildfires and flooding events were obtained from climate databases and peer-

reviewed academic papers to buttress the claims of the study participants. Oil and gas 

professionals involved in the study were then interviewed to gain their perspectives on the 

study’s findings in order to validate them. 

4.5.1 Population Sample and Pilot Study 

The population sample for this study was comprised of professionals in the oil and gas industry. 

In order to eliminate bias and enhance the generalisability of this study, the selection of 

participants was based on key factors such as oil and gas sector and geographical location. This 

increased the robustness of the data collection process, thereby giving more weight to the 

validity of the research. The reliability of the study was also ensured by selecting experts in the 

oil and gas industry including Mechanical Engineers, Facility Engineers, Production and Well 

Engineers, Process Engineers, Health and Safety Officers, as well as Safety and Reliability 
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Engineers. This ensured that the respondents were experienced and knowledgeable in the field 

of process safety and oil and gas industry operations in general. The data collected from these 

professionals were in the form of questionnaires and interview responses. The participants of 

this study cut across the upstream, midstream and downstream sectors of the oil and gas 

industry. The study’s participants were chosen from four regions with major oil and gas 

operations: Nigeria (Africa), Aberdeen (Europe), Kuwait (Middle East) and Saudi Arabia 

(Middle East).  

An initial pilot study was also conducted to ensure that the questionnaires that were to be 

distributed to the oil and gas industry professionals addressed the aim and objectives of the 

study. A total of 5 respondents comprising of 3 academics and 2 industry professionals were 

used to pilot the questionnaires and scrutinise their design in terms of the reliability and validity 

of the study. This procedure involved adding or removing questions from the questionnaire, 

checking the grammatical syntax for a widespread audience, evaluating the relevance of the 

questions to the research question, aim and objectives, examining the Likert scale used in 

providing responses and providing feedback on the entire robustness of the questionnaire 

design. Some responses received after piloting the questionnaire were vital in enhancing the 

validity and reliability of the study. A major observation made during the pilot study was the 

fact that the questionnaire was designed around the impacts of climate change on asset 

deterioration. According to one of the respondents; - 

“…Oil and gas assets constitute a subset of oil and gas operations which is vast. 

Therefore, limiting the study to just oil and gas assets alone will not make for a 

robust study. For instance, flights for personnel movement are not classified as 

assets but they can be heavily impacted by storms; thus, leaving problems at the 

well-head in offshore locations unattended to. Also, hurricanes can have 

devastating effects on offshore production platforms. In such situations, beyond just 

assets, the whole operation will be wiped out”. 

Following these justifications, one of the study’s objectives, as well as the questionnaire, were 

amended to address impacts of climate change on oil and gas operations, rather than asset 

deterioration. Also, the study was updated to specifically consider flooding events, asset 

deterioration and oil and gas facilities. It was also discovered that two questions in the PSM 

validation questionnaire (5 and 16) were exactly the same, hence one of the questions had to 

be removed. Also, it was suggested that temperature variation, hydrogen sulphide (H2S) and 

CO2 gas should be added in the questionnaire as possible causes of asset deterioration in the 
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oil and gas industry. One of the respondents argued that salty water and salty winds were more 

causal factors of asset corrosion than CO2; however, the scope of this study and justification 

from academic literature strengthened the case for the impact of CO2 over salty water or winds. 

Flooding was also suggested to be pertinent to onshore regions of oil and gas industry. 

However, several studies confirmed that both onshore and offshore locations can be hugely 

affected by flooding, so this suggestion was not taken into account. Similarly, there was a 

suggestion that one of the questions which sought to find out the effect of climate change on 

the cost of maintaining oil and gas facilities was not relevant to the study. However, current 

maintenance costs could serve as an important indicator of the increase in climate change 

impacts on oil and gas facilities; especially if these facilities were now being maintained more 

frequently than in previous times. Moreover, other factors such as the nature of oil and gas 

operations were considered as possible factors that could increase maintenance costs and were 

therefore included in the questionnaire. One demographic question was also added upon the 

recommendation of one of the respondents to find out if the respondents worked in onshore or 

offshore locations. The pilot questionnaire is presented in Appendix A-1 while the redesigned 

questionnaire is located in Appendix A-2. Sections 4.5.4 and 4.5.5 provide in-depth 

information on the data collection procedures for the study questionnaires and interviews, 

respectively. 

4.5.2 Data collection for process accident trends in the oil and gas industry 

The International Association of Oil and Gas producers (IOGP 2017) has a robust accident 

database for over 90 agencies and organisations in the oil and gas industry; hence they are seen 

as a true reflection of accurate process safety data for the industry. However, Fyffe et al. (2016) 

warned that the accuracy of the information in accident databases may not be absolute, in that 

possible errors of omission and mix-ups could have happened during the data collection 

process. Similarly, Kongsvik et al. (2015) asserted that underlying issues such as the alteration 

of accident data and deficient accident reporting could also negatively impact the reliability of 

accident databases. For this study, the IOGP database was a source of data collection for 

process accidents in the oil and gas industry. This study collected data on fatal process 

accidents within a recent 5-year period (2013-2017) and included all oil and gas regions, 

countries, functions, activities, accident causes, locations and employers. This search criteria 

aided in providing 184 accident cases, their incident descriptions, the number of fatalities and 

the events leading up to the accidents. 
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These data were then collected, exported and collated using Microsoft Office Excel, as 

illustrated in Appendix D. The collected data were grouped into different categories according 

to year, region, country, fatalities, employer type, location, accident category, operation, 

incident description and causes. After collating these data, the Human Factors Analysis and 

Classification Systems framework for the oil and gas industry (HFACS-OGI) developed by 

Theophilus et al. (2017) was used in analysing the causal factors of these accidents. The 

HFACS-OGI framework was made as an advancement of the HFACS framework by Shappell 

and Wiegmann (2013) by including some missing factors such as acts of sabotage, contractor 

environment, individual and team factors, management of change, process safety culture, 

international industry standards, national regulatory framework, as well as regulatory and 

statutory influences. These inclusions suggest that the HFACS-OGI framework adopted 

contemporary concepts in its framework; hence this study tended to utilise it for analysing 

process accidents in the oil and gas industry. Each of the 184 accident cases were analysed 

using the 25 factors of the HFACS-OGI framework illustrated in Figure 4.3. Similar to the 

studies of Al-Ghamdi (2002) and Theophilus et al. (2017), a binary system was used in 

codifying the causal factors which were present or absent in each of the 184 accident cases 

such that a value of 0 = absent and 1 = present. 
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Figure 4. 3. The HFACS-OGI framework adapted from Theophilus et al. (2017b) 

4.5.2.1 Data collection for case studies of impacts of adverse climatic events in the oil and 

gas industry 

52 case studies of various climatic events were extracted from an array of climatic databases 

such as the National Oceanic and Atmospheric Administration (NOAA), the Colorado Oil and 

Gas Conservation Commission (COGCC), the European Commission (EC), the United Nations 

Framework Convention on Climate Change (UNFCCC), the National Centres for 

Environmental Information (NCEI), as well as other peer-reviewed academic journal 

databases. In this study, various climatic events were analysed, alongside their impacts on the 

oil and gas industry. Due to the limited number of reliable and robust databases on adverse 

climatic events, this study has restricted its climatic events to hurricanes, flooding and wildfire 

events. Also, case studies of companies that were affected by each of these events were also 
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examined. The impacts of climate change on the oil and gas industry were tabulated to account 

for fatalities, cost, destruction and production losses. It should be noted that most case studies 

reported in this study relate to the USA because it is one country in the world that has a robust 

climatic event database and is also prone to several adverse climatic events such as hurricanes 

and wildfires. 

4.5.3 Data collection for the development of an integrated PSM and climate change 

model 

The data collection process for the development of an integrated PSM and climate change 

model was aligned with the PRISMA standards as illustrated in Figure 4.4. This aided in 

screening and selecting suitable academic papers related to current PSM frameworks in the oil 

and gas industry. Keywords such as ‘process safety management’, ‘health and safety 

regulations’, ‘oil and gas operations’, ‘asset deterioration’, ‘climate change’ and ‘accident 

trends’ were all used in searching for articles from peer-reviewed journal databases. After an 

initial search using these keywords, a total of 7,821 articles were found from academic 

databases while 1,761 were found in other sources including company websites, books and 

search engines. These included information from websites of companies, government and 

regulatory agencies such as DuPont, the Energy Institute, the American Institute of Chemical 

Engineers (AIChE), the International Association of Oil and Gas Producers (IOGP), the 

Canadian Society of Chemical Engineers (CSChE), the American Petroleum Institute (API), 

the UK Health and Safety Executive (HSE), ExxonMobil, British Petroleum (BP), the US 

Occupational Health and Safety Administration (OSHA), Responsible Care and GOV.UK. 

An initial screening of these papers identified 486 duplicate citations, leaving 9,096 articles for 

title, abstract and full-text screening. After screening the titles and abstracts, 4,365 papers were 

further excluded, with a remainder of 4,731 articles screened for their full text. Following full-

text screening, 638 papers were finally selected for this study; with 357 used for qualitative 

synthesis and 281 for quantitative synthesis. These selected papers were then imported into the 

Zotero software which was used as the bibliography tool for this study.  
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Figure 4. 4. Data Screening and Selection using Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) (Moher et al. 2009) 

4.5.4 The Questionnaires 

A cross-sectional quantitative questionnaire was designed for this study to assess the impact of 

climate change on oil and gas operations. The questionnaire was designed using the Bristol 

Online Survey tool (BOS) and was distributed byu emailing online web links to prospective 

participants. This method was used in distributing questionnaires to enhance the reliability of 

the study and achieve its objectives by involving as many participants from the oil and gas 

industry as possible. Also, the nature of the research problem is one that requires extensive data 

collection and vast input from professionals in the oil and gas industry. Therefore, this study 

considered the heterogeneous nature of the oil and gas industry and transportation costs when 
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distributing the questionnaires, by prioritising online web link distribution via email as the 

primary data collection technique. 

However, to simplify the data collection process, considering the ambiguity in measuring the 

impacts of climate change on oil and gas operations, the scope of oil and gas operations was 

limited to account for logistics operations, asset integrity management, drilling operations and 

maintenance activities. Certain key variables such as temperature variations, flooding, CO2 

concentration, wind surges and rising sea levels were considered when designing the questions. 

This made it easier for participants to understand and give responses that were relevant to the 

scope and objectives of this study. In addition to climate change, other factors affecting oil and 

gas operations were also considered when designing the questionnaire, such as asset design, 

operational procedures and maintenance activities. This survey was open on the Bristol Online 

Survey for a period of one year and was closed after there were no longer responses from study 

participants. 

4.5.4.1 Participants and Population Sample 

The study used Likert-scale questionnaires to measure the perceptions of the study’s 

participants regarding the impacts of climate change on oil and gas operations. A total of 85 

oil and gas professionals were contacted through a simple random sampling method; a process 

where participants were randomly contacted based on their job affiliation with the oil and gas 

industry. The choice of simple random sampling was informed by the fact that it is one of the 

best sampling methods that helps researchers to save time and resources that are crucial to the 

study, while eliminating any sort of bias  (Onwuegbuzie and Leech 2007). However, some 

experienced industry professionals were selected using the convenience sampling method, as 

this method allows for the selection of participants previously known by the researcher (Etikan 

et al. 2016). Also, some participants were identified through referrals by oil and gas 

professionals to gather more reliable data from oil and gas installations globally. 

There are several oil and gas companies in various regions of the world and to be realistic, they 

could not all be approached to partake in this study. However, to account for participant spread 

and to reduce geographical bias in this study, oil and gas companies were selected from various 

operating regions in different continents. This aided in enhancing the reliability of this study 

as the impacts of climate change differ across various locations; hence, the input of oil and gas 

practitioners in different operating regions could serve as valid and reliable data sources. 
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Consequently, the locations where participants were selected for this study were Nigeria 

(Africa), Aberdeen (Europe), Kuwait (Middle East) and Saudi Arabia (Middle East). 

Also, another decisive factor in selecting the participant’s locations was companies who had 

operations in both onshore and offshore regions. It is imperative to note that the impacts of 

climate change on onshore regions could be significantly different from offshore locations due 

to the nature of the working environment, facility types and modus operandi in both regions. 

In offshore regions, helicopter transport is usually employed as a means of conveying workers 

to offshore sites; while in onshore regions, motor vehicles are the primary means of transport. 

Likewise, offshore platforms differ significantly from onshore platforms and the climatic 

factors that pose risks to these platforms such as rising sea levels and turbulent waves are not 

applicable in onshore locations. Therefore, the countries selected were made to account for 

onshore and offshore locations as follows: Nigeria (onshore and offshore), Aberdeen 

(offshore), Kuwait (onshore and offshore) and Saudi Arabia (onshore). Similarly, the three 

main sectors of the oil and gas industry (upstream, midstream and downstream) were 

considered during the selection of the participants. The upstream sector uses onshore rigs and 

offshore platforms for oil and gas exploration and production; the midstream sector uses 

facilities such as trucks, barges, pipelines, trains and storage tanks to transport and store 

petroleum products; and the downstream sector uses refineries to refine the extracted 

hydrocarbons. Therefore, the inclusion of this factor as a criterion for participant selection also 

helped in increasing this study’s reliability as the scope of oil and gas operations and facilities 

differs across these three sectors. 

The participants were also selected based on their occupations in the oil and gas industry to 

enhance the reliability of the study. The researcher ensured that all the participants were 

involved in oil and gas operations related to the scope and objectives of this study. Hence, the 

population sample for this study included Mechanical Engineers, Facility Engineers, 

Production and Well Engineers, Process Engineers, Health and Safety Officers, as well as 

Safety and Reliability Engineers. This helped in certifying that the respondents were 

experienced and knowledgeable in the field of process safety and oil and gas industry 

operations in general. 

The population sample size for this study was ∑n = 53 consisting of experienced and 

knowledgeable oil and gas professionals. Out of the total number of 85 questionnaires 

distributed in this study, 71 were returned, thus reflecting a response rate of 84% as illustrated 
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in Table 4.6. In total, 53 questionnaires were appropriate for analysis and the key determinants 

for selecting the questionnaires suitable for the study were (i) returned questionnaires; and (ii) 

properly completed questionnaires using the reverse questions. The sample size of participants 

that was deemed purposeful for this study’s analysis were distributed as follows: Nigeria (∑nn 

= 28), Aberdeen (∑na = 6), Kuwait (∑nk = 11) and Saudi Arabia (∑nsa = 8). 

Table 4. 6. Questionnaire response rate 

Method of 

distribution 

No. of 

distributed 

questionnaires 

No. of 

returned 

questionnaires 

% of returned 

questionnaires 

No. of returned 

and properly 

completed 

questionnaires 

% of returned 

and properly 

completed 

questionnaires 

Online web links 

through email 

85 71 84% 53 62% 

 

4.5.4.2 Data collection procedure 

To confirm that the study data was reflective of circumstances pertinent to the oil and gas 

industry, the participants for this study were selected from oil and gas companies operating in 

major oil and gas regions around the world. The top 500 oil and gas companies in the world in 

2018 were obtained from Thomson Reuters, a company which specialises in collecting 

company data to provide detailed information on various industry statistics. This helped in 

informing the researcher about oil and gas companies where potential participants could be 

selected. Also, the researcher utilised networking opportunities gained through conferences, 

academic affiliations and professional working experience to select participants for the study. 

The email addresses of all the participants were obtained from networking through email and 

telephone conversations. The use of email to distribute the questionnaire’s online web links to 

the participants was the main method for collecting the data. This method of data collection 

used in distributing the questionnaires was efficient, judging by the response rate of the study’s 

participants. However, the participants were always informed that they had the option of 

anonymising their responses if they were not comfortable about the safety of their personal 

data. The Participant Information Sheet and Consent forms were sent out alongside each 

questionnaire to ensure that all participants had full knowledge of the study’s aim and 

objectives, what the data they provided would be used for, how it would be safeguarded and 

when it would be discarded. 
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4.5.4.3 Questionnaire design 

The questionnaire for this study was designed to assess the impacts of climate change on oil 

and gas operations. The questionnaire was split into two parts: a descriptive section dealing 

with variables associated with the subject matter (climate change impacts and PSM) and 

demographic information. The importance of the demographic information was to gain an 

understanding of various factors that could be responsible for influencing the participants’ 

responses. This included factors such as occupation, level of education, industry sector and 

years of experience. 

According to Holt et al. (2014), it is important to consider the data that will be generated and 

the data analysis techniques that will be used when designing a scale. Consequently, the 

questionnaires for this study were designed to ascertain provide participants’ perspectives with 

regards to impacts of climate change on oil and gas operations. This was done using a Likert 

scale of 0 to 6 whereby (i) 0 = definitely disagree, (ii) 1 = mostly disagree, (iii) 2 = disagree, 

(iv) 3 = agree, (v) 4 = mostly agree and (vi) 5= definitely agree. An “unsure” option was added 

and marked as an invalid response for participants who did not have concrete information to 

provide for any of the questions. Some of the questions in the questionnaires were intentionally 

reversed to confirm whether the participants had correctly completed the questionnaire after a 

proper critical evaluation of the questions and were not just “yea-sayers” or “nay-sayers” (refer 

to Appendix A3).  

The questionnaire had 25 questions in total, with the descriptive section containing 19 

questions and the demographic information constrained to 6 (Appendix A3). Two of the 19 

descriptive questions (15, 17) were reversed, as seen in Table 4.7. For the questions that were 

reversed, their scoring scale changed to become (i) 5 = definitely disagree, (ii) 4 = mostly 

disagree, (iii) 3 = disagree, (iv) 2 = agree, (v) 1 = mostly agree, (vi) 0 = definitely agree. The 

questionnaire was designed in a manner that the maximum time required to complete it was 10 

minutes. 
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Table 4. 7. Reversed statements in questionnaires 

No. 
Questions Reversed 

No. 

Reversed Questions 

2 Do you believe that the location of oil and 

gas facilities makes them more 

vulnerable to climate change? 

15 Assets/facilities in the oil and gas industry 

deteriorate fast because of their geographical 

location 

13 Climate change has severe impact on the 

integrity and reliability of oil and gas 

operations. 

17 Climate change does not have a significant 

impact on the integrity and reliability of oil and 

gas operations. 

 

Also, numerical values were designated to each option in the designed scale to ensure that the 

chosen scale was evenly distributed to reflect their actual percentage scores. A high value was 

assigned to responses such that after the total responses were calculated and converted to a 

percentage, a high percentage represented a significant impact of climate change on oil and gas 

operations. However, it should be noted that the “unsure” option in the Likert scale was not 

given any value since it reflected an indecisive response. 

As highlighted in Table 4.8, the calculations were formulated based on 19 questions in the 

climate change questionnaire. The percentage value of each score was calculated to ensure the 

even distribution of responses in the Likert scale. This was done by taking a product of the 

maximum possible value of 5 and the total number of questions in the questionnaire. For this 

questionnaire, the score was 17 x 5 = 85 because 2 of the questions were open-ended. Table 

4.8 highlights the percentage calculations for each response in the questionnaire. 

Table 4. 8. Likert scale for the questionnaire design 

G
e
n

e
r
ic

 

q
u

e
st

io
n

 

 D
e
fi

n
it

e
ly

 

a
g
r
e
e 

M
o
st

ly
 

a
g
r
e
e 

A
g
r
e
e 

D
is

a
g
r
e
e 

M
o
st

ly
 

d
is

a
g
r
e
e 

D
e
fi

n
it

e
ly

 

d
is

a
g
r
e
e 

U
n

su
r
e 

D
o
e
s 

c
li

m
a
te

 

c
h

a
n

g
e
 

si
g
n

if
ic

a
n

tl
y
 

in
fl

u
e
n

c
e
 o

il
 a

n
d

 

g
a
s 

o
p

e
r
a
ti

o
n

s?
 

V
a
lu

e
s 

a
ss

ig
n

e
d

 

to
 p

a
r
ti

ci
p

a
n

ts
’

 

r
e
sp

o
n

se
s 

5 4 3 2 1 0 - 

100% 

 

80% 

 

60% 

 

40% 

 

20% 

 

0% 

 
- 

4.5.5 Interviews 

To gain a detailed understanding of the research problem, this study conducted a qualitative 

inquiry as one of its data collection methods. The collection of interview data assisted in 
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gaining first-hand information about the perceptions of oil and gas professionals regarding the 

impacts of climate change on oil and gas operations. Consequently, this approach was adopted 

to buttress and validate the quantitative aspect of this study. For this reason, data were sourced 

by conducting extensive qualitative interviews, but with the heavier criticisms surrounding this 

method also taken into consideration. It may be safe to assume that interviews are not cogent 

tools of data collection for studies that are aimed at establishing novel concepts and hard facts 

(Saunders et al. 2009). Nonetheless, bridges have been built by social research experts to cater 

for the gap between the debate about the world being independent of various interpretations 

and the need for researchers to understand people’s world views (Bryman 2012). Hence, 

qualitative interviews are still useful in exploring research with realistic suppositions 

(Mackenzie and Knipe 2006). 

4.5.5.1 Participants and population sample 

The qualitative interviews for this study involved 7 oil and gas professionals with extensive 

experience about asset deterioration, oil and gas operations and climate change impacts in the 

oil and gas industry. The interview questions were also structured to validate the findings 

obtained from the quantitative study that used questionnaires. A total of 15 participants were 

approached for interviews from a population sample that cut across the upstream, midstream 

and downstream oil and gas sectors. Resultantly, a response rate of 47% was attained and the 

ratio of responses according to interviewee categories are represented in Table 4.9. The 

population that were involved in the interview included Mechanical Engineers, Facility 

Engineers, Production and Well Engineers, Process Engineers, Health and Safety Officers, as 

well as Safety and Reliability Engineers. The sample size represents upstream (57%), 

midstream (14%) and downstream (29%). 

Table 4. 9. Participants and the population sample of interviewees. 

Industry sector Upstream Midstream Downstream 

Participant occupations Mechanical Engineers, 

Production and Well 

Engineers, Safety and 

Reliability Engineers 

Facility Engineers Process Engineers, 

Health and Safety 

Officers 

Number of interview 

participants 
4 1 2 

% participation 57 14 29 
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4.5.5.2 Data collection procedures 

The process of getting in touch with various companies to partake in the study was quite a 

daunting task. However, interviewees were engaged through face-to-face meetings, email 

conversations and telephone calls. After the permission of each interviewee had been sought, 

the time and location of the interviews were then decided. Coventry University’s Participant 

Information Sheet was distributed to the interviewees before the proposed time and they were 

rightly informed that all ethical considerations had been adequately addressed by the researcher 

and Director of Studies (refer to Appendix C). 

Also, prospective interviewees were sent invitation letters that provided detailed information 

on the reasons for the interview. In many cases, the interviewees were sent a copy of the 

interview questions before the date of the interview. During each interview session, the 

participants were always informed that they had the choice to opt out of the interview at any 

time. Each interview was recorded using a digital tape recorder and later transcribed to 

guarantee that every conversation was appropriately documented, understandable and 

articulate. The Nvivo 12 software enabled the researcher to follow strict procedures while 

transcribing and analysing the interviewees’ responses. 

4.5.5.3 Interview Design 

To accommodate flexibility in asking the interviewees probing questions, the interviews were 

conducted in a semi-structured manner. Consequently, seven questions were set alongside 

other probing questions to allow the researcher to gain more detailed information about the 

research problem (please see the interview questions and conversations attached in Appendix 

B). The main questions were asked in a more direct manner, as opposed to the probing 

questions. On average, each interview session lasted for a period of 20 to 30 minutes. After 

analysing the data collected from the participants and when the results were obtained, the 

study’s findings were presented back to the research community where these data were 

obtained to gain their feedback, which was then used as a validation tool for this study. The 

devices used for the qualitative interviews included a digital tape recorder for capturing 

interview conversations, a computer for analysing the collected data and a USB flash drive to 

store the transcribed data. 
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4.6 Data Analysis Techniques 

This study utilised both quantitative and qualitative techniques for the data analysis. The 

quantitative analysis methods used in this study included trend analysis, descriptive statistics, 

reliability analysis and Pearson’s correlation. The qualitative analysis methods employed in 

this study included comparative analysis and content analysis. 

4.6.1 Quantitative analysis 

4.6.1.1 Trend Analysis 

Trend analysis is a statistical technique that helps to extricate a causal pattern in a time series. 

It was employed in this study to analyse trends of process accidents in the oil and gas industry 

from 2013 to 2017. This helped the researcher to identify an increase or decrease in the number 

of process accidents in order to strengthen the rationale for designing a better PSM framework 

for the oil and gas industry. Theophilus et al. (2017b) asserted that the HFACS-OGI framework 

was robustly designed to investigate root causes of accidents in the oil and gas industry. Thus, 

the HFACS-OGI framework was used to investigate the root causes of process accidents in the 

oil and gas industry at various organisational levels. This helped the researcher in 

understanding the statistical trends of these accidents and in drawing inferences about the 

impacts that climate change could have played in triggering some of these causal factors.  

4.6.1.2 Descriptive statistics 

Descriptive statistics is an analytical technique used in quantitatively describing or 

summarising features of a dataset (Bryman 2012). Unlike inductive statistics that involves 

using data to understand certain phenomena about a population sample, descriptive statistics 

focuses on barely summarising the sample using nonparametric statistics (Saunders et al. 

2009). Descriptive statistics such as mean, median, mode, standard deviation and variance were 

applied in this study to better understand process accident trends, the questionnaire data and 

the interview responses. 

4.6.1.3 Reliability Analysis (Cronbach’s Alpha test) 

In order to measure the internal reliability of the data obtained through the questionnaires, this 

study utilised Cronbach’s alpha () coefficient of internal consistency. Reliability analysis was 

vital in ascertaining the constancy of the response scores provided by the study’s participants. 
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The reliability analysis was conducted using SPSS in two stages to evaluate the reliability of 

the raw and treated questionnaire data. Cronbach and Shavelson (2004) opined in their study 

that reliability analysis could be best interpreted as illustrated in Table 4.10. 

Table 4. 10. Internal consistencies of Cronbach’s alpha reliability test values 

Cronbach’s alpha 
Internal consistency 

0.9 <  Excellent 

0.8 <  < 0.9 Good 

0.7 <  < 0.8 Acceptable 

0.6 <  < 0.7 Questionable 

0.5 <  < 0.6 Poor 

 < 0.5 Unacceptable 

4.6.1.4 Pearson’s correlation 

Pearson’s correlation explores the linear association between two continuous variables 

(Bryman 2012). A linear relationship occurs when a change in a variable is observed with a 

proportionate change in another variable (Mackenzie and Knipe 2006). In this study, Pearson’s 

correlation was employed to evaluate whether climate change was associated with negative 

impacts on oil and gas operations. This included examining how climatic factors such as 

increased temperatures, rainfall, storm surges, CO2 concentration and rising sea levels affected 

oil and gas operations, including drilling activities, transport and logistics operations, refining 

operations etc. Pearson’s correlation coefficient ranges from -1 to +1, whereby a value of +1 

indicates a consistent increase in both variables and is denoted by a perfect straight line 

(Benesty et al. 2009). However, if the increase in both variables is not consistent, there is still 

a positive Pearson’s correlation coefficient which will be less than +1. When a relationship is 

non-existent or random, then both correlation coefficients are nearly zero (Hauke and 

Kossowski 2011). A value of -1 signifies a consistent decrease in both correlation coefficients 

(Benesty et al. 2009). However, if an increase in one variable is observed with a corresponding 

decrease in another variable, the Pearson’s correlation coefficient is still negative but more than 

-1 (Hauke and Kossowski 2011). 

4.6.2 Qualitative analysis 

4.6.2.1 Case Study Analysis 

The OTTR (observe, think, test, revise) framework was used in analysing case studies of 

adverse climatic events in the oil and gas industry. In case studies, most of the data collected 

are usually qualitative in nature. Also, analysis of case studies is not done subsequent to data 
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collection phase, but rather consecutively with it. Subsequent data collection processes are then 

determined by the initial observations from case study analysis. According to the OTTR 

framework, it commences with the formulation of tentative hypothesis after making initial 

observations. Afterwards, initial hypotheses are confirmed, and any alternative explanations 

are ruled out by collecting relevant additional information from subsequent reviews. This is 

followed by a re-examination of initial hypothesis and subsequent observations before making 

a final conclusion (Woodside 2010). In this study, the impacts of adverse climatic events on 

the oil and gas industry were observed, which aided in formulating an initial hypothesis based 

on additional information gathered from literature, climate databases, as well as questionnaire 

and interview findings. 

4.6.2.2 Comparative Analysis of PSM systems and frameworks 

Charles Ragin introduced comparative analysis in 1987 to help in examining the features of a 

dataset and synthesising lucid inferences from them (Ragin 2014). However, Beynon (2008) 

has argued that it offers the researcher only two sets of variables based on the research question. 

Nonetheless, Schneider and Wagemann (2010) asserted that it provides a clear representation 

of the data under investigation and adequate conclusions can be deduced from them. This study 

utilised comparative analysis to examine the main theoretical frameworks, features, strengths 

and weaknesses of various PSM systems in the oil and gas industry. This process provided the 

researcher with in-depth knowledge of elements in various PSM systems and how each of these 

elements could be influenced by climate change. A preliminary study by Theophilus et al. 

(2018) succeeded in integrating the elements from various PSM frameworks to form a holistic  

model; however, the absence of climate change in its framework, as well as in other PSM 

systems provided a huge gap in successful process safety implementation that needed to be 

addressed. Hence, this study aimed to bridge this gap by developing an integrated PSM and 

climate change model which considers contemporary and current issues in the oil and gas 

industry. 

4.6.2.3 Analysis of Interview Data (Content Analysis) 

Interview data were scrutinised using thematic analysis to assess the impact of climate change 

on oil and gas operations and to validate the integrated PSM and climate change model. An 

average of 8 hours was spent on transcribing a 15-minute interview to a high level of detail in 

order to ensure the robust analysis of the interviewees’ responses. The transcribed data were 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 123 

analysed using NVivo 12, firstly by coding the data using the literature to examine the 

responses for key themes relating to the aim and objectives of the study. According to Gibbs 

(2010), coding involves searching data for categories, ideas and themes and then highlighting 

the related text with a code label so that they can be simply recovered at a later phase for further 

evaluation and analysis. This process of coding made it easy for searching, comparing and 

identifying patterns within the data that needed further analysis. However, it should be noted 

that there is a possibility of bias when interview data is being coded by one person. The 

inclusiveness of words, phrases and sentences relating to the study’s themes and objectives 

were vital in guiding the overall coding of the interview data. Due to the interviewees’ diverse 

levels of experience and perspectives on the research problem, the coding was conducted 

individualistically on each interviewee. Subsequently, the transcribed data were thoroughly 

cross-examined and compared with one another to relate them to the research aim and 

objectives. Therefore, the phrases that were most repeatedly mentioned among all the 

interviewees provided a high confidence level during the data processing. Nvivo 12 was 

selected as the software for transcribing the interview data due to its systematic data 

management, effective data analysis, efficiency and consistency. Electronic copies of the 

interview data were included into the software for capturing, comparing, retrieving and 

examining the coded themes and variables. Generally, the study’s reliability and validity were 

enhanced by including topics, themes, concepts, ideas, phrases, terms and keywords 

surrounding the research question. To aid easier interpretation and understanding of the 

findings, textual content from the transcribed audiotapes were trimmed and used for the content 

analysis. 

Content analysis was adopted as the method of analysis for the interview data in this study. 

This is because of its usefulness in identifying keywords, paragraphs or themes in an interview. 

It involves the process of noticing concepts, collecting examples of these concepts and 

analysing them in order to find the commonalities (Elo et al. 2014). Other types of qualitative 

data analysis such as thematic and Jefferson data analysis were also considered. However, 

Jefferson data analysis requires the researcher to quote every statement from the interview 

verbatim, without trimming any of the textual content (Potter and Hepburn 2012). Also, this 

method of analysis is most commonly used in fact-finding research in journalism and is 

considered too cumbersome, time-consuming, and resource-consuming (Smith et al. 2005). 

Also, while thematic analysis is more suited for analysing narrative materials of life stories, 
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content analysis is more concerned with exploratory work on unknown phenomena which is 

what this study is about (Tuckett 2005). Hence, content analysis was adopted as the preferred 

choice of interview analysis for this study. 

4.6.3 Data Triangulation 

Triangulation is the application of various data sources from qualitative and quantitative 

methods in an organised manner to enhance the validity of the study. By matching this 

definition with the application of mixed methods in this study, it was evident that the research 

design considered triangulation to increase the reliability and validity of the findings. It has 

been suggested that using various methods for data triangulation is vital for enhancing the 

possible events and interactions surrounding the data collection process (Creswell 2003). 

Certainly, qualitative researchers evaluate and validate their research using triangulation by 

analysing research questions from diverse perspectives. There is an argument within the 

research community that there is a common misconception about the purpose of triangulation. 

While some believe that triangulation could aid in achieving consistency across data 

approaches and sources, it could also cause discrepancies due to the relative strengths of these 

various approaches (Saunders, Lewis, and Thornhill 2009). However, these discrepancies 

should not undermine the importance of triangulation, but rather help in gaining a deeper 

understanding of the data. For example, the interviews conducted in this study provided 

viewpoints of oil and gas professionals with regard to process safety management and climate 

change, which may not reflect the entirety of the research problem; nonetheless, this study has 

assumed the data to be valid and reliable. Thus, this study has considered questionnaires, 

accident archive data and peer-reviewed academic literature as the primary approaches to attain 

more reliable scientific data. Consequently, the application of questionnaires, interviews, 

accident archive data and peer-reviewed academic literature will enhance the findings of this 

study, as opposed to using a single research approach. Certainly, qualitative researchers 

evaluate and validate their research using triangulation by analysing research questions from 

diverse perspectives (Flick 2009). There is an argument within the research community that 

there is a common misconception about the purpose of triangulation. While some believe that 

triangulation could aid in achieving consistency across data approaches and sources, it could 

also cause discrepancies due to the relative strengths of these various approaches (Creswell 

and Creswell 2018). However, these discrepancies should not undermine the importance of 

triangulation, but rather help in gaining a deeper understanding of the data (Saunders, Lewis, 
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and Thornhill 2009). For example, the interviews conducted in this study provided viewpoints 

of oil and gas professionals with regard to process safety management and climate change, 

which may not reflect the entirety of the research problem; nonetheless, this study has assumed 

the data to be valid and reliable. Thus, this study has considered questionnaires, accident 

archive data and peer-reviewed academic literature as the primary approaches to attain more 

reliable scientific data. Consequently, the application of questionnaires, interviews, accident 

archive data and peer-reviewed academic literature will enhance the findings of this study, as 

opposed to using a single research approach. 

4.7 Ethics 

This study was conducted in accordance to high ethical principles by adhering to Coventry 

University’s Ethics guidelines. The areas that were considered key to the research ethics for 

this study include respect, risk, rights, routes and record keeping, as shown in Figure 4.5. The 

researcher ensured that the opinions, confidentiality and safety of all participants were taken 

into consideration when collecting data from them. Also, internal and external validity for the 

questions were certified to help in achieving the objectives of the study. Also, the researcher’s 

safety was put into context by identifying potential risks that could arise during the research 

project, such as revealing personal data, unsafe locations, upsetting research material, leaked 

participant information and legal action against participants. Also, the researcher ensured that 

all participants were aware of their rights, such as obligations towards them and their data, as 

well as their right to withdraw from the research. All checklists were accurately completed 

during the application for ethical approval before commencement of the data collection 

process. The study’s participants were also presented with a participant information leaflet 

about the project and an informed consent form which had been approved by the researcher’s 

Director of Studies and Faculty Research Ethics Leader. Prior to conducting the interviews, the 

consents of the interviewees were duly sought and documented; while methods of data 

collection, use, storage and disposal were also provided. A copy of the Coventry University 

Certificate of Ethical Approval is attached in Appendix C. Furthermore, the anonymity of all 

the participants was guaranteed during the course of the study. It should be noted that all 

documentary data that contained the participants’ personal information were intentionally 

omitted from the study’s appendix and the strict management of all electronic data was ensured. 

All data files were encrypted using a strong password to avoid unauthorised access to the data. 

However, these data files will be destroyed after completing the study and no electronic media 
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will contain any record, thus there will be no record of the participants. Any hard copies of data 

in the researcher’s possession will also be destroyed once the study is complete. 

 

Figure 4. 5. Good Ethical Research Practice (CUEthics 2018) 

4.8 Reliability 

This is concerned with the replicability of a study and the accuracy of the research techniques 

and procedures. It questions whether the results of the study would remain the same even if the 

exact research were to be repeated. It also ascertains if the measurements used in the research 

methods are consistent and accurate. It also ensures that the study portrays bias or error from 

the participants or the researcher. Reliability aims to question whether repeated measurements 

and assessments would offer a consistent result under the exact same situations. According to 

Joppe (2000), a research instrument is deemed to be reliable if the results of the study can be 

replicated under a comparable methodology. Since reliability is mainly bordered around 

repeatability and replicability, it is highly unlikely that it can be associated with qualitative 

research which cannot be repeatable. However, in quantitative research, reliability is more 

applicable in terms of: (1) similarity of measurements at a particular time; (2) stability of 

measurements over time; and (3) the extent to which measurements remain the same after 

repetitions. 

While reliability may not be broadly applicable in qualitative research, it is suggested that 

realist qualitative research exhibits certain traits of reliability if interpreted based on 

“consistency of meaning” from interview data through triangulation (Bryman 2012). 

Consequently, this study utilises reliability in its qualitative data by using NVivo 12 software 

for constant comparison within the analysis and standardised transcription of the interview data 
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to prevent deviation from the true definition of reliability. Reliability is also exhibited in this 

study by clearly presenting the literature review and research results for proper and better 

evaluation. The use of documented and standardised data collection procedures in sections 

4.5.2, 4.5.3, 4.5.4 and 4.5.5 can be deemed an important and reliable process. From a 

quantitative perspective, the adopted research methodology suggests that the entire research 

process is reliable. Quantitative accident data collected from the IOGP database are also 

deemed to be reliable as they portray results of rigorous accident investigations conducted 

across all sectors and operating regions of the oil and gas industry. Additionally, real data 

collected from climate change databases such as weather statistics are likely to be reliable since 

they have been closely monitored and controlled over time. Also, the questionnaires were 

piloted using 3 academic experts and 2 industry professionals to ensure that their overall design 

was robust enough to achieve reliable results. Nonetheless, some statistical tests of internal 

reliability such as Pearson’s correlation, the intraclass correlation coefficient (ICC), the 

interrater agreement Kappa and Cronbach’s alpha were conducted using SPSS statistical 

software. 

4.9 Validity 

Validity in research explains how successfully a research has achieved its aim and objectives 

(Golafshani 2003). It also reveals the extent to which the study results can be transferred to 

other situations (transferability) (Smith et al. 2011). Also, it tends to check if the researcher is 

right in establishing a relationship between the variables (Meyrick 2006). The validity of a 

study also aims to identify the robustness of the research design and if other approaches have 

been considered (Sandelowski and Barroso 2003). It checks if the research findings have been 

accurately interpreted and if the study has been impacted by other intervening events (Smith et 

al. 2011). 

There are unending theoretical disagreements about validity, often defined as truths with regard 

to qualitative inquiry (Golafshani 2003). In order to avoid the complexities associated with 

these arguments, the researcher adopted the viewpoint that there is a pure form of truth 

somewhere that can be discovered by using appropriate and valid research methods (Meyrick 

2006). This study has assumed valid qualitative research to reliably epitomise diverse social 

worlds or various explanations to the readers. 
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Validity was considered at every stage of the research process, most notably in three key facets: 

(1) production - designing the interview questions, interview process and data recording; (2) 

presentation – replicability, valid inference and arrangement of data; and (3) interpretation – 

meaningful discussion of the data. Generalisability or external validity is the extent to which 

the research findings can be applied to settings other than where they were originally tested 

and if a theory can be applied to other populations (Saunders et al. 2009) This was ensured by 

encompassing experienced and knowledgeable participants from the upstream, midstream and 

downstream  sectors of the petroleum industry, as well as from various regions; the UK, 

Nigeria, Saudi Arabia and Kuwait. 

4.9 Summary 

This chapter was geared towards justifying the chosen methodology for this study. It also 

provided detailed information on the research design and the development of the study’s 

methodology, which was informed by knowledge gained from the literature and other 

supplementary studies. The first sections gave an insight into the paradigms and philosophies 

guiding the choice of research methods for this study. Afterwards, the methods of data 

collection and analytical techniques were discussed, along with the ethical procedures, 

reliability and validity of the study. The researcher adopted a pragmatic research paradigm due 

to its applicability to the scope of the data collection and the study’s analysis. A “concurrent 

triangulation” mixed methods design strategy was selected for this study, where the data 

collection was concurrent and the findings were confirmed, cross-validated and corroborated 

using both quantitative and qualitative methods. The main data collection sources for this study 

included the IOGP accident database, questionnaires, interviews and archive data from peer-

reviewed academic literature. Data analysis techniques for this study included trend analysis, 

descriptive statistics, Pearson’s correlation, Cronbach’s alpha reliability analysis, content 

analysis and comparative analysis. 
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Chapter Five 

Archive and Documentary Data Analysis 

5.0 Introduction 

This chapter presents findings from contemporary archive and documentary data regarding 

impacts of climate change on oil and gas operations. The chapter is divided into two sections; 

human factor analysis and case studies of adverse climatic events in the oil and gas industry. 

The first section provides the results for the analysis of human causal factors of oil and gas 

accidents from 2013 to 2017. This analysis helps to ascertain the possible leading factors of 

accident causation, which could then be incorporated to develop the PSM system. Also, the 

IPSMS model developed by Theophilus et al. (2018) used the HFACS-OGI framework as the 

accident analysis tool to determine the human causal factors that were not present in existing 

PSM systems. Therefore, this study has adopted this analytical tool to ensure that all human 

factors are also integrated during its PSM system development. Cronbach’s alpha reliability 

test was conducted to ascertain the internal reliability of the accident data set collected from 

the IOGP database. Subsequently, a trend analysis was conducted to understand human causal 

factors of accidents in terms of years, industry sectors, location, region, employee 

classification, accident category and nature of operations. Lastly, the HFACS-OGI analysis 

was used to provide insight into human causal factors of oil and gas accidents in a recent 5-

year period, from 2013 to 2017. The second section of this chapter provides case studies of 

climate change events and their impacts on the oil and gas industry. These events include 

hurricanes, flooding and wildfire events. The impact of these climatic conditions on lives, 

productivity, costs and infrastructural damage were highlighted. This chapter aided in 

achieving the first and second objectives of this study which are to analyse trends of oil and 

gas accidents, as well as investigating whether climate change affects oil and gas operations.  

5.1 Cronbach’s alpha reliability test 

Appendix D illustrates treated and coded accident data obtained from IOGP. These accident 

data included incident descriptions, accident locations and geographical region, nature of 

operations, accident category and the type of workers involved. However, the IOGP database 

does not provide evidence of accidents caused by climate change. Hence, case studies of 
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impacts of climate change on oil and gas operations are analysed in later sections of this chapter 

to buttress the IOGP data findings. After coding the accident data collected from the IOGP 

database, Cronbach’s alpha reliability test was conducted to ascertain the internal reliability of 

the data. Table 5.1 presents findings from the Cronbach’s alpha test value of 0.787. As 

illustrated in Table 5.2, this value depicts an acceptable internal reliability of the data set 

(Cronbach and Shavelson 2004). Therefore, the data were used to conduct further statistical 

tests. 

Table 5. 1. Cronbach’s alpha reliability test 

Reliability Statistics 

Cronbach's Alpha N of Items 

.787 25 

 

Table 5. 2. Internal consistencies of Cronbach’s alpha reliability test values adapted from Cronbach and 

Shavelson (2004). 

Cronbach’s alpha value 
Internal consistency 

0.9 <  Excellent 

0.8 <  < 0.9 Good 

0.7 <  < 0.8 Acceptable 

0.6 <  < 0.7 Questionable 

0.5 <  < 0.6 Poor 

 < 0.5 Unacceptable 

5.2 Trend Analysis  

A trend analysis was conducted to achieve the first study objective; which was to analyse the 

trends in process accidents in the oil and gas industry. The accident data obtained from IOGP 

does not exactly highlight the process accidents triggered by climate change. Therefore, case 

studies of various climatic events will be analysed in later parts of this section to understand 

their impacts on the oil and gas industry. Figure 5.1 illustrates a five-year pictorial view in a 

bar chart of accident trends in the oil and gas industry. The year 2013 recorded the highest 

number of accidents (43), while 2016 recorded the least number of accidents (29). The year 

2014 recorded 42 accidents, while 2015 recorded 40 and 2017 recorded 30. Similarly, 2013 

recorded the most fatalities (80), while 2017 recorded the least fatalities (33). Also, the highest 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 131 

fatal accident rate (FAR) was recorded in 2013 (1.86), followed by 2014 (1.07), 2015 (1.35), 

2016 (1.71) and 2017 (1.10). The trends in fatal accidents is best measured using the fatal 

accident rates, as opposed to just the fatalities or the number of accidents (IOGP 2017). Future 

trends in oil and gas accidents have shown a steady decrease in the number of oil and gas 

accidents after the linear trend line analysis. However, this trend line may not exactly be an 

accurate projection tool for future accidents in the study judging by the line regression R2 value 

of 0.1146; whereby the values increase in accuracy as they tend from 0 to 1 (Kirchsteiger 1999). 

It is possible that since accidents are stochastic and unpredictable in nature, the trend line 

prediction that accidents could decrease in future may not be the case, especially if there is no 

robust implementation of adequate accident prevention and mitigation measures (Reiman et al. 

2015). 

 

 

Figure 5. 1. Trend analysis showing number of accidents, fatalities and fatal accident rates of oil and gas 

accidents from 2013 to 2017. Data obtained from IOGP (2019) 

As illustrated in Figure 5.2, geographical regions of oil and gas operations were also used as a 

measure for analysing accident trends in the oil and gas industry. Findings revealed that the 

highest number of 59 accidents were recorded in Asia, 48 in North America, 31 in Africa, 25 

in Europe, 15 in South & Central America and 6 in Australasia. Similar to the study’s findings, 

it is suggested that the United Arab Emirates (UAE), Kuwait, Iraq, Iran and Saudi Arabia are 

among the five Asian countries that have the top 10 largest oil reserves and production in the 

world (World Atlas 2018). 
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Figure 5. 2. Number of oil and gas accidents in various regions from 2013 to 2017. Data obtained from 

IOGP (2019) 

Workplace incidents in the oil and gas industry were also analysed based on the workers’ 

employment type; either as contract or company staff. As illustrated in Figure 5.3, findings 

revealed that contract staff recorded 86% of accident cases while company workers recorded 

14%. Most operations in the oil and gas industry are carried out by contractors because of the 

hazardous nature of the industry and level of specialisation required (Berends 2007). Therefore, 

Theophilus et al. (2017) suggested that contractors are prone to more accidents than company 

staff; and this was a major factor why the HFACS-OGI framework was designed to include the 

contractor environment as one of its human factors.  
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Figure 5. 3. Workers involved in oil and gas accidents from 2013 to 2017. Data obtained from IOGP (2019) 

According to Ismail et al. (2014), onshore and offshore regions are the two major areas where 

oil and gas operations are usually carried out. From 2013 to 2017 as illustrated in Figure 5.4, 

69% of accidents were recorded in onshore regions while 31% were witnessed in offshore 

locations. But Skalle et al. (2014) suggested that there were more fatalities associated with 

offshore accidents than onshore due to the higher risk profile and exposed nature of offshore 

environments to flooding, harsh weather, storm surges, high temperatures and high wind 

speeds, etc. However, Goh et al. (2015) argued that there could also be more fatalities with a 

higher magnitude and consequence in onshore locations depending on the proximity of 

operations to the surrounding communities. 
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Figure 5. 4. Location of oil and gas accidents from 2013 to 2017. Data obtained from IOGP (2019) 

As illustrated in Table 5.3, the nature of operations and accident categories were also used as 

yardsticks to analyse accident trends in the oil and gas industry. The accident category “struck 

by” was the most predominant in 31% of accidents where workers were hit by stationary or 

moving equipment. Workers were caught in, under or between equipment in 21% of accidents 

and burns or explosions were associated with 14% of accidents. Drilling, workover and well 

services were the operations that recorded the highest accident rate of 28%.  Ismail et al. (2014) 

suggested that drilling operations were deemed to be the most complex and risky oil and gas 

operation. Other operations such as land transportation recorded 16%, maintenance, inspection 

and testing recorded 12% while 11% of accidents occurred during construction, commissioning 

and decommissioning activities. 
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Table 5. 3. Number of accidents from 2013 to 2017 according to accident category and nature of operation. 

Data obtained from IOGP (2019) 

Accident category Number of accidents 

Assault or violent act 2 

Aviation accident 2 

Caught in, under or between 39 

Confined space 5 

Cut, puncture or scrape 1 

Electric shock 7 

Explosion or burns 26 

Exposure to noise, chemical, biological, vibration 2 

Fall from height 13 

Other 10 

Overexertion, strain 1 

Pressure release 9 

Struck by 57 

Water-related, drowning 10 

Nature of Operation Number of accidents 

Construction, commissioning, decommissioning 21 

Diving, subsea, ROV 3 

Drilling, workover, well services 51 

Lifting, crane, rigging, deck operations 19 

Maintenance, Inspection, testing 22 

Office, warehouse, accommodation, catering 1 

Production operations 15 

Seismic survey operations 6 

Transport-Air 4 

Transport-Land 29 

Transport-Water 6 

Unspecified 7 

 

5.3 Human Factors Analysis and Classification System for the Oil and Gas 

Industry (HFACS-OGI) 

Figure 5.5 illustrates the results obtained after conducting a human factor analysis using the 

HFACS-OGI framework. The major human factor that led to 90% of oil and gas accidents from 

2013 to 2017 was the contractor’s environment. 86% of oil and gas accidents were triggered 

by flaws in the organisational process and 77% were caused by the technological environment. 

Issues with the organisational climate led to 68% of accidents during this period, while poor 

crew resource management led to 57%. Skill-based error and personal readiness were 

highlighted as human factors in 53% of accidents. 50% of accidents were caused by routine 

violations, while inadequate supervision led to 47%. Physical/mental limitations of operators 

led to 45% of oil and gas accidents during this period. In 44% of oil and gas accidents, failure 
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to correct a known problem and the physical environment played major roles in 44% of oil and 

gas accidents. 40% of accidents were attributed to supervisory violations, while planned 

inappropriate operations caused 39%. The process safety culture led to 30% of accidents, while 

26% were triggered by international regulatory standards and exceptional violation. Perceptual 

error was evident in 25% of oil and gas accidents, while the national regulatory framework 

played a role in 24% of accidents. Decision errors caused 21% of oil and gas accidents, while 

resource management led to 16%. The adverse mental state of workers caused 8% of accidents, 

while the management of change and adverse physiological states were observed in 7%. The 

least human causal factor of oil and gas accidents was acts of sabotage at 2%. 

 

 

Figure 5. 5. Human causal factors of oil and gas accidents from 2013 to 2017 

These findings further reiterate the urgent need for a robust PSM system that could curb process 

accidents to a minimal level. However, the results in Figure 5.5 infer that the HFACS-OGI 

framework does not take into consideration external factors such as climate change and the 

53

21

25

50

26

2

44

90

77

8

7

45

57

53

40

39

44

47

7

16

68

30

86

26

24

0 10 20 30 40 50 60 70 80 90 100

Skill Based Error

Decision Error

Perceptual Error

Routine Violation

Exceptional Violation

Acts of Sabotage

Physical Environment

Contractor Environment

Technological Environment

Adverse mental state

Adverse physiological state

Physical/ mental limitations

Crew resource management

Personal readiness

Supervisory violations

Planned inappropriate operations

Failed to correct known problem

Inadequate Supervision

Management of Change

Resource Management

Organisational Climate

Process Safety Culture

Organisational Process

International Industry Standards

National Regulatory Framework

Percentage of human factors in oil and gas accidents %

H
h

u
m

a
n

 F
a
c
to

r
s



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 137 

impacts it could have on the process safety of workers, equipment and organisational processes. 

As illustrated in Figure 5.6, findings from the World Offshore Accident Database (WOAD) 

suggest that weather conditions were responsible for 25% of equipment-related accidents in 

the offshore oil and gas industry. This infers that any PSM system should factor in impacts of 

climate change during its development. 

 

Figure 5. 6. Causes of equipment-related accidents in the offshore oil and gas industry from World Offshore 

Accident Database (WOAD) (Christou et al. 2012) 

5.4 Case study analysis 

This section presents a case study analysis of various impacts of climate change events on the 

oil and gas industry; which is the second objective for this study. 52 case studies of various 

climatic events were extracted from an array of climatic databases such as the National Oceanic 

and Atmospheric Administration (NOAA), the Colorado Oil and Gas Conservation 

Commission (COGCC), the European Commission (EC), the United Nations Framework 

Convention on Climate Change (UNFCCC), the National Centres for Environmental 

Information (NCEI), as well as other peer-reviewed academic journal databases.  

5.4.1 Case studies of climate change events and their impacts on the oil and gas industry 

According to data collected from NOAA (2019), the average cost of damages from adverse 

weather conditions in the U.S. since 1980 has totalled $1.6 trillion. In this study, various 

climatic events were analysed, alongside their impacts on the oil and gas industry. Due to the 

limited number of reliable and robust databases on adverse climatic events, this study has 

restricted its climatic events to hurricanes, flooding and wildfire events. Also, case studies of 

companies that were affected by each of these events were also examined. The impacts of 
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climate change on the oil and gas industry were tabulated to account for fatalities, cost, 

destruction and production losses. It should be noted that most case studies reported in this 

study relate to the USA because it is one country in the world that has a robust climatic event 

database and is also prone to several adverse climatic events such as hurricanes and wildfires. 

5.4.1.1. Hurricanes 

The oil and gas industry has been plagued by severe hurricane events, as highlighted in Table 

5.4. The data for this section was sourced from NOAA (2019), Cruz (2010), Pine (2006) and 

Thomson Reuters (2017). The Hurricane Katrina and Rita disasters in 2005 led to 

approximately 1,500 fatalities, $200 billion in costs, damage to 2,000 to 3,000 platforms and 

the spillage of over 8 million gallons of crude oil. After Hurricane Harvey in 2005, 88 people 

died, $125 billion costs were incurred, about 204,000 homes were damaged, refineries and 

roadways were flooded, along with a huge reduction in natural gas production from 72.8 bcf 

per day to 71 bcf per day. In 2012, Hurricane Isaac led to 34 direct deaths and 7 indirect deaths. 

Also, $3.11 billion was lost, the power supply was interrupted in over 600,000 residences and 

natural gas production reduced from 68.5 bcf per day to 60.4 bcf per day. In 2017, Hurricane 

Irma killed 52 people directly and 82 people indirectly; costing about $50 billion, destroying 

over 100,000 homes, cutting the power supply in over 1.5 million residences and losing 18.6 

million barrels in oil production. After Hurricane Maria in 2017, 2,975 people lost their lives 

directly and 4,645 indirectly; while approximately $90 billion was incurred in costs. Power 

distribution was severely hampered and Puerto Rico’s LNG imports reduced by 24%. 

Hurricane Sandy led to the deaths of 159 people in 2012, $71 billion in costs, the destruction 

of over 650,000 homes and power lines to 8.5 million residences, as well as huge fluctuations 

in gas prices. In 2008, Hurricane Ike killed 112 people, with costs of $30 billion, damage to oil 

rigs and the closure of 22 chemical plants in Texas. In 2018, Hurricane Florence killed 96 

people, accrued $24 billion in costs, destroyed over 185 dams, triggered a surge in oil prices 

and plummeted natural gas demand. Hurricane Michael killed 31 people directly and 43 people 

indirectly in 2018; with costs of $25 billion, damage to 45,000 structures and a 40% reduction 

in U.S Gulf oil production. Although the impact of climate change on process safety in the oil 

and gas industry is overwhelming, climate change is not still being considered in PSM models. 
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Table 5. 4. Case studies of hurricane events and their impacts on the oil and gas industry adapted from 

NOAA (2019), Cruz (2010), Pine (2006), Thomson Reuters (2017) 

Case studies Fatalities Cost Destruction  Production losses 

Hurricane Katrina 

and Rita, USA 

(2005) 

1500 $200 billion  2000 to 3000 platforms affected, 163 

offshore platforms destroyed, 

ruptured pipelines spanning more 

than hundreds of miles 

Over 8 million gallons of crude oil 

spilled 

Hurricane Harvey, 

USA (2017) 

88 $125 billion 204,000 homes damaged, flooding 

of refineries and roadways 

Reduction in natural gas production 

from 72.8 bcf per day to 71 bcf per day 

due to shutdown of oil and gas 

platforms 

Hurricane Isaac, 

USA (2012) 

34 direct, 7 

indirect 

$3.11 billion Loss of power supply for over 

600,000 residents due to over-

topping of many dams along the 

coast; structural damage and erosion 

of roadways.  

Reduction in natural gas production 

from 68.5 bcf per day to 60.4 bcf per 

day 

Hurricane Irma, 

USA (2017) 

52 direct, 

82 indirect 

$50 billion 100,000 homes destroyed; power 

outages experienced by over 1.5 

million residents in Florida due to 

damaged power lines 

Shutdown of at least two oil storage 

complexes in the Caribbean, with 

combined capacity of 18.6 million 

barrels. 

Hurricane Maria, 

USA (2017) 

2975 direct, 

4645 

indirect 

$90 billion Power distribution severely 

damaged, wastewater treatment 

plants rendered inoperable, several 

buildings damaged or destroyed. 

24% reduction in Puerto Rico’s LNG 

imports 

Hurricane Sandy, 

USA (2012) 

159 $71 billion Destruction of over 650,000 homes, 

power lines of 8.5 million people 

destroyed 

Fluctuation in gas price due to less 

demand from refineries due to 

temporary closure 

Hurricane Ike, USA 

(2008) 

112 $30 billion Damage to roadways, four oil rigs 

were destroyed after storm. Damage 

of pipelines in Gulf of Mexico and 

destruction of 10 offshore oil rigs. 

Closure of over 22 chemical plants and 

land-based refineries in Texas causing 

increase in prices of gasoline, heating 

oil and natural gas. 

Hurricane Florence, 

USA (2018) 

96 $24 billion  Destruction of over 185 dams, 

flooded roadways and highways, 

power outage and coastal flooding 

Surge in oil price, pummelled natural 

gas demand 

Hurricane Michael, 

USA (2018) 

31 direct, 

43 indirect 

$25 billion More than 45,000 structures 

damaged with over 1,500 of them 

completely destroyed  

Fall in 40% of U.S. Gulf oil production 

by 700,000 barrels per day, evacuation 

of 75 oil platforms 

Total 9824 $618.11 billion   

Mean 1092 $68.68 billion   
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5.4.1.2. Flooding 

As illustrated in Table 5.5, there have been landmark flooding events that have affected oil and 

gas operations. The data for this section was collated from Cruz (2010), COGCC (2014), the 
European Commission (2019) and NCEI (2019). From the results, the Midwest U.S. floods in 

2019 led to 3 fatalities, the disruption of several rail lines and the shutdown of one refinery. 

The California floods in 2017 killed 5 people, cost $1.55 billion and caused substantial damage 

to infrastructure. In 2016, the Louisiana floods in the USA led to 13 deaths, the loss of $10 

billion and the destruction of over 50,000 homes. The West Virginia flood in 2016 caused the 

deaths of 23 people and cost up to $1 billion, while damaging over 1,500 roads and bridges. In 

2015, there was a North American storm complex that killed 59 people, triggered load stress 

on buildings, clogged transportation corridors and cost a total of $3 billion. The Texas 

tornadoes and the Midwest USA floods in 2015 killed 50 people, damaged over 1,000 homes 

and incurred costs of over $2 billion. The Midwest/Southeast/Northeast tornadoes and flooding 

in 2014 led to 33 fatalities, $1.7 billion in costs and massive damage to buildings and 

transportation infrastructure. The Colorado floods in 2013 killed 10 people, cost $2 billion, 

destroyed 20,000 homes and 50 bridges, ruptured storage tanks and flowlines, while disrupting 

production in over 51,000 operating wells in the region. In 2011, the Mississippi River flood 

caused 50 deaths, $3 billion in costs; as well as massive damage to levees, reservoirs, over 

21,000 buildings and 1.2 million acres of land. In 1994, the San Jacinto River flooding in the 

USA caused 547 burn and inhalation injuries, cost $23 million, ruptured over 37 pipelines and 

spilled over 35,000 barrels of crude oil into flooded residential areas. The USA Coffeyville 

Refinery flood in 2007 caused 1 death, incurred costs of $153 million and affected over 2,500 

homes and refinery facilities; while also spilling over 40,000 gallons of crude oil. In 2002, the 

Samir Refinery flood in Morocco killed 2 people; with costs of $200 million, an explosion of 

the oil drainage system, the destruction of the power plant, the sinking of floating roof storage 

tanks and the spillage of 65,000 tons of crude oil. Despite these devastating impacts of climate 

change on oil and gas operations, PSM models still fail to incorporate climate change in their 

implementation strategies. 
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Table 5. 5. Case studies of flooding events and their impacts on the oil and gas industry adapted from Cruz 

(2010), COGCC (2014), European Commission (2019), NCEI (2019) 

Case studies Fatalities Cost Destruction  Production losses 

Midwest floods, USA (2019) 3 Ongoing Several rail lines disrupted One refinery shut down 

California floods, USA 

(2017) 

5 $1.55 billion Severe damage to the Oroville 

Dam spillway. Substantial 

property and infrastructure 

damage 

No recorded issues 

Louisiana floods, USA 

(2016) 
13 $10 billion Over 50,000 homes were 

destroyed. 
No recorded losses 

West Virginia flood, USA 

(2016) 

23 $1 billion Over 1,500 roads and bridges 

were damaged or destroyed. 

No recorded losses 

North American storm 

complex (2015) 

59 $3 billion Load-stress on buildings and 
clogging transportation 

corridors. 

No recorded losses 

Texas tornadoes and Midwest 

floods, USA (2015) 

50 $2 billion Damage of over 1,000 homes 

and businesses. Overtopping 

of levees. 

No recorded losses 

Midwest/Southeast/Northeast 

Tornadoes and flooding, 

USA (2014) 

33 $1.7 billion Massive infrastructure 

damage to buildings and 

transportation networks. 

No recorded losses 

Colorado floods, USA (2013) 10 $2 billion 20,000 homes destroyed; 50 

bridges damaged. Ruptured 

flow lines and storage tanks 

Disruption of production in over 

51,000 operating oil and gas wells 
in the region, with 2650 shut 

down. 48,000 gallons of oil and 

43,000 gallons of produced water 

released 

Mississippi River flood, USA 

(2011) 
50 $3 billion Massive damage to system of 

levees, reservoirs and flood 

ways. More than 21,000 

buildings and 1.2 million 

acres of land affected 

Ergon Refining temporarily 

moved its rail services from the 

refinery in Vicksburg to two 

transloading sites and Ergon’s 

Memphis terminal 

San Jacinto River flood, USA 

(1994) 

547 burn and 

inhalation 

injuries 

$23 million 8 pipelines ruptured; 29 

others undermined. Ignition 

of released products within 

flooded residential areas 

More than 35,000 barrels of oil 

released into river 

Coffeyville Refinery flood, 

USA (2007) 

1 $153 million Over 2,500 homes affected, 
and water resources 

contaminated. Refinery 

facilities were immersed in 30 

feet of water.  

More than 40,000 gallons of crude 
oil spilled, 865 hours facility 

downtime. 

Samir Refinery, Morocco 

(2002) 

2 $200 million Explosion of oil drainage 
system, 70% of thermos-

electric power plant in 

refinery destroyed. Sinking of 

floating roof storage tanks 

65,000 tons of crude oil spilled 

from tank 

Total 249 $24.63 billion   

Mean 21 $2.05 billion   
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5.4.1.3. Wildfires 

Wildfire events were also analysed as part of climatic events that have affected the oil and gas 

industry. The data sources for wildfire events highlighted in Table 5.6 include NOAA (2019), 

CAPP (2008) and the Alberta Government (2001). In 2018, the Western wildfires in California 

led to 106 fatalities, as well as the destruction of over 18,500 buildings and 2 million acres of 

land. There were also wildfires in the same region in 2017 which killed 54 people, damaged 

15,000 homes and 1.4 million acres of land. Also, Aera Energy LLC closed down all of its 

operations, as it shut in 382 producing wells, cutting 12,000 b/d and 7 MMcf/d of production. 

The Western/Southeast wildfires in 2016 killed 21 people and destroyed 2,500 structures; 

amounting to a cost of $2.6 billion. In 2015, the Western and Alaskan wildfires led to 12 deaths, 

the destruction of 2,500 structures and over 5 million acres of land; costing a total of $3.3 

billion. The Western wildfires in 2012 caused 8 fatalities, cost $1.9 billion, and destroyed over 

9.2 million acres of land and several hundred buildings. The wildfires in Texas, New Mexico 

and Arizona in 2011 killed 5 people, burned over 3 million acres of land, destroyed over 1,500 

homes and cost a total loss of $2.1 billion. In 2004, the Freeman River fire in Canada led to 

losses of over $1.7 million as it destroyed 993 hectares of land, damaged oil and gas 

infrastructure and affected 13 well sites, while rupturing 5km of pipelines and 10km of power 

lines. In 2004, the Lost Creek fire in Canada incurred costs of over $30 million; with damage 

to 18,966 hectares of land, the destruction of oil and gas infrastructure, as well as the shutdown 

of several oil producing wells. In 2002, the House River fire in Canada led to damages worth 

$40 million due to the shut-in of oil wells and damage to infrastructure. In 2001, the Chisolm 

fire in Canada led to losses of $30 million caused by facility damage, service disruption and 

over 10 days’ lost production time. After highlighting these dire consequences of climatic 

events on oil and gas operations, it is pertinent for PSM models for the oil and gas industry to 

consider the impacts of climate change. 
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Table 5. 6. Case studies of wildfire events and their impacts on the oil and gas industry adapted from NOAA 

(2019), CAPP (2008), Alberta Government (2001), (Oil & Gas 360 2020) 

Case studies Fatalities Cost Destruction  Production losses 

Australian wildfires, 

Australia (2019) 

28+ $50 million per 

day 

More than 12.35 million acres of land 

destroyed, 1400 homes destroyed, with 
over 1 billion animals dead 

Massive damage to LNG exports due to 

bushfire crisis which has partly been 
blamed on climate change 

Western wildfires, 
California, USA (2018) 

106 $24.2 billion Over 18,500 buildings destroyed.  
Approximately 2 million acres of land 

affected. 

No recorded losses 

Western wildfires, 

California, USA (2017) 

54 $18.5 billion Damage to 15,000 homes, businesses 

and other structures across California. 
Approximately 1.4 million acres of 

land affected.  

A number of small oilfields in Ventura 

County remained shut in for long periods 
causing decline in production. These 

include Ventura, San Miguelito, Rincon, 
Ojai, Timber Canyon, Newhall-Potrero 

and portions of Honor Rancho and 
Wayside Canyon. Major producer Aera 

Energy LLC also closed down all of its 
operations, as it shut in 382 producing 

wells, cutting 12,000 b/d and 7 MMcf/d 
of production. 

Western/Southeast 
wildfires, USA (2016) 

21 $2.6 billion These wildfires destroyed nearly 2,500 
structures. 

No recorded losses 

Western and Alaskan 
wildfires, USA (2015) 

12 $3.3 billion  2,500 structures were destroyed due to 
the Valley and Butte wildfires. Over 5 

million acres burned within Alaska. 

No recorded losses 

Western wildfires, USA 

(2012) 

8 $1.9 billion Wildfires burned over 9.2 million acres 

across the U.S. in 2012. Several 
hundred residences were destroyed in 

Colorado. 

No recorded losses 

Texas, New Mexico, 

Arizona wildfires, USA 
(2011) 

5 $2.1 billion Over 3 million acres have burned 

across Texas this wildfire season. Over 
1,500 homes were destroyed in Texas. 

No recorded losses 

Freeman River Fire, 

Canada (2004) 

0 $1.7 million The fire consumed 993 hectares of land 

and damaged oil and gas infrastructure. 

25km of pipelines and 10km of 
powerlines were damaged. At least 13 

well sites were also affected; alongside 
several kilometres of roads. 

The Pen West Oil Field was shut in. 

ATCO suffered serious losses to 

infrastructure in the fire area; in turn, this 
affected production activities in the gas 

field and plant. 

Lost Creek Fire, Canada 
(2003) 

0 $30 million 18,966 hectares of land affected. 
Infrastructure belonging to Shell Oil, 

Devon Canada Ltd., Hunt Oil and 
Canada, ATCO Pipelines, ATCO Gas, 

TransCanada Pipelines and Fortis 
Alberta were all affected. 

Shell Canada was affected the most, with 
the closure of two producing gas wells, 

suspension of drilling operations on one 
site and suspension of a seismic program 

in the fire area. 

House River Fire, Canada 
(2002) 

0 $40 million Companies whose infrastructure were 
affected by the fire included Rio Alta, 

Talisman, Stylus Energy, Devon, 
EnCana, Paramount Resources, Husky, 

Simmons Group, Enbridge and 

TransCanada. 

Oil and gas operations in the area were 
shut-in for up to three weeks. 

Chisholm Fire, Canada 

(2001) 

0 $30 million Atco Electric facility and structural loss 

and service disruption were estimated 
at $1,000,000. 

The oil and gas companies in the area 

(Anderson Exploration, Chevron, CNRL, 
Conoco, Fortune Energy, Husky Energy, 

Northstar Energy and Sabre Energy) lost 
production ranging from three hours to 10 

days 

Total 206 52.7 billion   

Mean 21 $5.27 billion   
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5.4.1.4. Impacts of climate change on oil and gas companies 

Data collected from UNFCCC (2009), Pine (2006) and PiFoam (2019) revealed that oil and 

gas companies were highly vulnerable to direct impacts associated with adverse climatic events 

that affect the oil and gas industry. As highlighted in Table 5.7, Hurricanes Katrina and Rita in 

2005 led to a total loss of over 8 million gallons of crude oil from various oil companies 

including the Bass Enterprises Production Company, Shell, Chevron, the Murphy Oil 

Corporation, Venice Energy Services Company, Sundown Energy and BP. Mumbai Port Trust 

also lost 10 million litres of diesel costing over $20 million due to a lightning strike on a storage 

tank. YPF La Plata refinery also exploded in 2013 due to an outbreak of fire from torrential 

rain and flooding, causing total losses of $556 million. In 2011, the JX Nixxon refinery 

exploded following a tsunami which destroyed the oil shipping facility leading to costs of $590 

million. The Colonial Pipeline Company witnessed an explosion in 2010 when lightning struck 

a tank containing 20,000 barrels of gasoline, leading to damages of $3.5 million. The Bonaire 

Petroleum Corporation (BOPEC) were also affected by an outbreak of fire in 2010 during an 

electrical storm, which led to the loss of 32 million litres of naphtha and damages worth $35 

million. In 2007, the Gary-Williams Energy Corporation lost $15 million after lightning struck 

a storage tank containing 8,000 barrels of naphtha, thereby causing the loss of 25 million litres 

of gasoline, 14 million litres of diesel and 25 million litres of naphtha. In 2007, Engen lost $9.7 

million to a storage tank fire caused by a lightning strike which released over 7.5 million litres 

of petrol. In 2003, an earthquake led to the collapse of a naphtha storage tank belonging to 

Idemitsu Kosan Global, causing fire damage worth $88.7 million. In 2002, a full surface fire 

was triggered after lightning struck an Orlen Poludnie storage tank, costing up to $2.3 million 

in damages. In 2001, the Orion Refining Corporation lost $50 million from direct damages 

after a 10 million-gallon capacity storage tank was struck by lightning. However, there is still 

no PSM model that considers climate change as part of its design framework. 
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Table 5. 7. Impacts of climate change on oil and gas companies adapted from UNFCCC (2009), Pine (2006), 

PiFoam (2019) 

Company Case study Impacts 

Bass Enterprises Production 

Company (Cox Bay) 
Hurricane Katrina, USA (2005) 3.78 million gallons of oil spilled 

Shell (Pilot Town) Hurricane Katrina, USA (2005) 1.05 million gallons of oil spilled 

Chevron (Empire) Hurricane Katrina, USA (2005) 991,000 gallons of oil spilled 

Murphy Oil Corporation Hurricane Katrina, USA (2005) 819,000 gallons of oil spilled 

Bass Enterprises (Point a la Hache) Hurricane Katrina, USA (2005) 461,000 gallons of oil spilled 

Chevron (Port Fourchon) Hurricane Katrina, USA (2005) 53,000 gallons of oil spilled 

Venice Energy Services Company 

(Venice) 

Hurricane Katrina, USA (2005) 840,000 gallons of oil spilled 

Shell Pipeline Oil (Nairn) Hurricane Katrina, USA (2005) 13,440 gallons of oil spilled 

Sundown Energy (West Potash) Hurricane Katrina, USA (2005) 13,000 gallons of oil spilled 

Shell Hurricane Katrina and Rita, 

USA (2005) 

85,000 barrels of oil were lost per day. Asset utilisation rates 

reduced by 3%. Damage to onshore pipelines caused spillage of 

3,900 tonnes of oil. 

BP Hurricane Katrina and Rita, 

USA (2005) 

Impairment charges of $266 million to damaged fields and 

assets in Gulf of Mexico. 

Mumbai Port Trust (MbPT) Port of Mumbai – Butcher 

Island Explosion, India (2017) 

Lightning bolt struck storage-tank and released 10 million litres 

of diesel. Damages cost over $20 million 

Yacimientos Petrolíferos Fiscales 

(YPF) 

YPF La Plata Refinery 

explosion, Ensenada, Argentina 

(2013) 

Torrential rain and flooding disrupted the facility’s systems 

leading to fire outbreak which ravaged the coke furnace and 
distillation unit. Damages were recorded to be about $556 

million 

JX Nippon JX Nippon Refinery explosion, 

Japan (2011) 

A tsunami destroyed the oil shipping facility by pushing tanker 

trucks towards an oil-shipping facility, leading to explosion. 

Property damages were estimated at $590 million 

Colonial Pipeline Company Colonial Pipelines Explosion, 

North Carolina, USA (2010) 

A tank containing 20,000 barrels of gasoline was hit by 

lightning and caught fire. Total damages were estimated at $3.5 

million 

Bonaire Petroleum Corporation 

(BOPEC) 

BOPEC Terminal, Dutch 

Antilles (2010) 

Two tanks caught fire during an electrical storm, resulting in 
loss of 32 million litres of naphtha and damages worth $35 

million. 

Gary-Williams Energy Corporation Gary-Williams Refinery 

explosion, Oklahoma, USA 

(2007) 

A storage tank holding 8,000 barrels of naphtha burst into 

flames when lightning struck, thereby causing loss of 25 million 

litres of naphtha, 14 million litres of diesel and 25 million litres 
of gasoline. These losses summed up to approximately $15 

million. 

Engen Engen Refinery fire, South 

Africa (2007) 

Lightning hit a tank containing 7.5 million litres of refined 

petrol, igniting a blaze. Losses accounted for were about $9.7 

million. 

Idemitsu Kosan Global Idemitsu Kosan Refinery 

explosion, Japan (2003) 

A blaze broke after a powerful earthquake struck, causing a 

floating roof to sink into a storage tank containing naphtha. The 

accident led to losses of $88.7 million. 

Orlen Poludnie Trzebinia Refinery fire, Poland 

(2002) 

A lightning bolt triggered this full-surface fire at a 30m-

diameter tank with an internal floating roof. Damages were 

estimated at $2.3 million. 

Orion Refining Corporation Orion Refinery, Louisiana, 

USA (2001) 

Lightning ignited this blaze, which holds the Guinness World 

Record for biggest fuel-tank fire in history. Roughly one-third 

about 10 million-gallon capacity were engulfed in flames. 

Direct damage was estimated at $50 million, excluding 
production shortfall, brand-image depreciation and 

environmental pollution. 

Total  $1.6 billion lost by companies used in this case study 
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5.5 Summary 

This chapter provided the results for the analysis of human causal factors on oil and gas 

accidents from 2013 to 2017. Data collected from the IOGP database were analysed for their 

internal reliability using Cronbach’s alpha test which provided a value of 0.787, depicting a 

good internal reliability of the data set. Trend analysis results showed that 2013 recorded the 

highest number of 43 accidents, while 2016 recorded the least number of 29 accidents. 

Similarly, 2013 recorded the most fatalities of 80 deaths while 2017 recorded the least fatalities 

of 33 deaths. With regard to geographical regions, Asia had the highest number of 59 accidents. 

Contractors were mostly affected in 86% of accidents, while company workers were involved 

in 14% of accidents. 69% of accidents were witnessed in onshore regions, while 31% occurred 

in offshore locations. The accident category “struck by” was the most predominant in 31% of 

accidents where workers were hit by stationary or moving equipment. Drilling, workover and 

well services were the operations that recorded the highest accident rate of 28%. The major 

human factor that led to 90% of oil and gas accidents from 2013 to 2017 was the contractor’s 

environment. The findings suggest that the HFACS-OGI framework does not take into 

consideration external factors such as climate change and the impacts it could have on the 

process safety of workers, equipment and organisational processes. This infers that any PSM 

system should factor in impacts of climate change during its development. 

After analysing various case studies of climatic events and their impacts on the oil and gas 

industry, hurricanes were highlighted as the most fatal and expensive climatic events with an 

average of 1,092 fatalities and $68.68 billion in damages per event. Flooding events recorded 

an average of 21 fatalities and $2.05 billion in costs, while wildfires led to an average of 21 

fatalities and $5.27 billion in damage costs. The companies used as case studies in Table 5.7 

recorded total losses of $1.6 billion from various adverse climatic events. These statistics 

reiterate the urgent need to integrate impacts of climate change into PSM systems in the oil and 

gas industry.  

Hence, chapters 6 and 7 provide quantitative and qualitative analysis for the study to ascertain 

the exact impacts of climate change on oil and gas operations; which will then be paramount 

for developing a robust PSM system in chapter 8 of the study. 
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Chapter Six 

Quantitative Data Analysis 

6.0 Introduction 

This chapter presents the quantitative data analysis for the study. The first section examines 

the sample representativeness of the questionnaires used for the analysis. Next, the researcher 

examined the participants’ profile and other demographic data. Then, the impacts of climate 

change on oil and gas operations were examined using responses from the study’s participants. 

In addition, open-ended questions were included in the questionnaire to obtain the participants’ 

opinions on the types of climatic events that have affected their operations. A descriptive 

statistics test was conducted to determine the measures of the central tendency of the data 

including the mean, range and degree of variance or deviation of the measured variables. Next, 

Pearson’s correlation was used to analyse the degree of association between climate change 

events and oil and gas operations. Tables and charts are used to illustrate the study’s 

quantitative findings in various sections of this chapter. This chapter addressed the second 

study objective which was to investigate whether climate change affects oil and gas operations. 

6.1 Sample representativeness 

The population sample size considered for this study was ∑n = 53. Out of the total number of 

85 questionnaires distributed in this study, 71 were returned, thus reflecting a response rate of 

84% as illustrated in Table 6.1. In total, 53 questionnaires were appropriate for analysing in 

this study and the key determinants for selecting the suitable questionnaires were (i) returned 

questionnaires and (ii) properly completed questionnaires using reverse questions. The sample 

size of participants deemed purposeful for this study’s analysis was received as follows: 

Nigeria (∑nn = 28), Aberdeen (∑na = 6), Kuwait (∑nk = 11) and Saudi Arabia (∑nsa = 8). 

Table 6. 1. Number of valid questionnaires used for the quantitative analysis 

Method of 

distribution 

No. of 

distributed 

questionnaires 

No. of 

returned 

questionnaires 

% of returned 

questionnaires 

No. of returned 

and properly 

completed 

questionnaires 

% of returned 

and properly 

completed 

questionnaires 

Online web links 

through email 

85 71 84% 53 62% 
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6.2 Profile of the participants and other demographic data 

To ensure the reliability of the quantitative data collected for the study, a section of the 

questionnaire was dedicated to sampling demographic data, as illustrated in Table 6.2. The 

study’s participants provided their job titles and other data as follows: 22.6% engineers, 18.9% 

ROV pilots, 24.5% HSSE personnel, 13.2% production operators, 17% administrative 

personnel and 3.8% geologists. These statistics suggest that the study’s participants that took 

part in this questionnaire were seasoned professionals in the oil and gas industry. 

The survey also indicated the participants’ level of education, of which 30% had a 

Diploma/Certificate qualification, 34% had a Bachelor’s degree qualification, 34% had a 

Master’s degree qualification and 2% had a Doctorate degree qualification. This evidence 

suggests that there was an even distribution in the academic qualifications of the study’s 

participants, with the exception of the PhD holders, who were more likely to be domiciled in 

academia or in consultancy roles. These demographic data suggested that the participants 

would have reasonable knowledge about impacts of climate change on oil and gas operations 

based on their level of education. 

With regard to levels of industry experience, 66% of the study’s participants had over 10 years’ 

experience working in the oil and gas industry, 21 % had 5 to 10 years’ experience while 13% 

had 1 to 5 years’ experience. Indeed, the participants’ level of industry experience enhances 

the reliability of this study, as it indicates that most participants have vast experience in the oil 

and gas industry. 

Table 6. 2. Participants’ profile and other demographic data 

Geographical region 

Nigeria 28 52.83% 

Aberdeen 6 11.32% 

Saudi Arabia 8 15.09% 

Kuwait 11 20.75% 

 

Level of Education 

Diploma/ Certificate 16 30% 

Bachelor's 18 34% 

Master's 18 34% 

Doctorate 1 2% 
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Profession 

Engineer 12 22.6% 

ROV pilot 10 18.9% 

HSSE personnel 13 24.5% 

Production operator 7 13.2% 

Administrative personnel 9 17.0% 

Geologist 2 3.8% 

 

Years of industry experience 

10+ years 35 66% 

1-5 years 7 13% 

5-10 years 11 21% 

The study participants’ sectors of operation are presented in Figure 6.1. From the results, 62% 

worked in the upstream sector, 19% worked in the midstream sector, 19% worked in the 

downstream sector and 6% worked in other sectors. This is somewhat to be expected, as the 

upstream sector is home to most of the high-risk oil and gas activities and is more exposed to 

environmental and climatic hazards than the other sectors. 

 

Figure 6. 1. Ratio of study participants in different sectors of the oil and gas industry 

The locations of operations were also part of the demographic data for this study. As illustrated 

in Figure 6.2, 36% of the study’s participants operated in onshore locations, 23% in offshore 

locations and 42% in both onshore and offshore locations. 

 

19%

62%

19%

Downstream Upstream Midstream
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Figure 6. 2. Location of study participants’ oil and gas operations 

6.3 Reliability analysis 

The internal reliability of the questionnaire data was conducted using SPSS version 26 to obtain 

Cronbach’s alpha () coefficient of internal consistency. Reliability analysis is vital to 

ascertain the consistency of the response scores in the questionnaires. The reliability analysis 

was conducted in two stages to evaluate the reliability of the raw and treated questionnaire 

data. In the first stage, the raw data obtained from the participants (data not adjusted or treated) 

were subjected to reliability analysis using SPSS, producing a Cronbach’s alpha value of 0.735 

as illustrated in Table 6.3. 

Table 6. 3. SPSS reliability analysis for raw data (Q1 to Q17) 

Reliability Statistics 

Cronbach's Alpha N of Items 

.735 17 

The raw data collected for analysis contained some questions that the study’s participants were 

unsure of how to answer. These questions were seen as void responses and instead of them 

affecting the overall responses of the other participants, these raw data were treated by taking 

the mean of all the participants’ responses for a particular question and filling this value for all 

the participants who had ticked the “unsure” option in the questionnaire. This was another way 

of ensuring reliability in this study. Also, there were 2 reversed questions which were used to 

ascertain whether the study’s participants had filled in the questionnaire correctly and these 

36%

23%

42%

Onshore

Offshore

Both
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were taken into account before conducting a reliability analysis on the data. After conducting 

a reliability analysis of the treated questionnaire data, a Cronbach’s alpha value of 0.792 was 

obtained as illustrated in Table 6.4. Hence, the findings show that the study’s data set was 

reliable. 

Table 6. 4. SPSS reliability analysis for treated data (Q1 to Q17) 

Reliability Statistics 

Cronbach's Alpha 

Cronbach's Alpha Based on 

Standardized Items N of Items 

.792 .788 17 

According to the results shown in Tables 6.3 and 6.4, the internal consistency of the study’s 

data was suitable for further statistical analysis. Cronbach and Shavelson (2004) opined in their 

study that reliability analysis can be best interpreted as illustrated in Table 6.5. 

Table 6. 5. Interpretation of Cronbach’s alpha reliability test values adapted from Cronbach and Shavelson 

(2004). 

Cronbach’s alpha value 
Internal consistency 

0.9 <  Excellent 

0.8 <  < 0.9 Good 

0.7 <  < 0.8 Acceptable 

0.6 <  < 0.7 Questionable 

0.5 <  < 0.6 Poor 

 < 0.5 Unacceptable 

6.4 Descriptive statistics 

Descriptive statistics were also used in this study to analyse the study’s variables by taking 

their standard deviations, variance, range (minimum and maximum) and mean values. After 

treating the raw data collected from the questionnaire responses, the participants had a mean 

response score of 3.38 (67.53%), a standard deviation of 1.06 and a variance of 1.14. Detailed 

results are presented in Table 6.6. 

Table 6. 6. Descriptive statistics of the treated questionnaire responses 
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No. statements N Range Minimum Maximum Mean 
% mean 

scores 

Std. 

deviation 
Variance 

Q1 53 3 2 5 4.40 88.00 0.82 0.67 

Q2 53 5 0 5 3.72 74.40 1.31 1.71 

Q3 53 4 1 5 3.96 79.20 1.02 1.04 

Q4 53 4 1 5 3.94 78.80 1.01 1.02 

Q6 53 4 0 4 2.25 45.00 0.87 0.77 

Q7 53 5 0 5 3.57 71.40 1.17 1.37 

Q8 53 5 0 5 3.43 68.60 1.17 1.37 

Q9 53 4 1 5 3.96 79.20 1.00 1.00 

Q10 53 4 1 5 3.89 77.80 0.95 0.91 

Q11 53 5 0 5 3.79 75.80 1.20 1.44 

Q13 53 5 0 5 3.62 72.40 1.02 1.05 

Q14 53 5 0 5 2.57 51.40 1.12 1.25 

Q15 53 5 0 5 3.57 71.40 1.17 1.37 

Q16 53 4 1 5 3.58 71.60 1.03 1.06 

Q17 53 5 0 5 1.89 37.80 1.15 1.33 

Q18 53 4 1 5 3.13 62.60 1.00 1.00 

Q19 53 5 0 5 2.21 44.20 1.01 1.01 

Total average 

score 
53 4.47   3.38 67.62 1.06 1.14 

6.5 Classification and analysis of the measured variables 

This section provides results from the analysis of measured variables in the questionnaire 

regarding impacts of climate change on oil and gas operations. With reference to Table 6.7, the 

two reversed questions (15 and 17) have low mean scores (3.6, 1.8) and high standard 

deviations (1.17, 1.18), respectively. Question 2 was presented to the participants as ‘do you 

believe that the location of oil and gas facilities makes them more vulnerable to climate 

change?’. The study responses provided an overall mean score of 74% on first scoring, as 

highlighted in Table 6.7. This score indicated that 74% of the study’s participants definitely 

agreed that the location of oil and gas facilities made them more vulnerable to climate change; 

as the scale for the questionnaire ranged from 0 = 0% (definitely disagree) to 5 = 100% 

(definitely agree).  

Table 6. 7. Classification and analysis of the measured variables 

Questions 

Mean 

score 

% 

mean 

score SD 

1. Climate change is an important factor that could affect oil and gas industry 

operations 
4.3 86 1.02 
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2. Do you believe that the location of oil and gas facilities makes them more 

vulnerable to climate change? 
3.7 74 1.31 

3. Do you believe the vulnerability of oil and gas facilities to harsh climatic 

conditions influences the cost of operations? 
4 80 1.03 

4. Climate change has severe impacts on operators/personnel working in oil 

and gas facilities 
4 80 1.01 

6. There is reason to believe that the oil and gas industry has done enough to 

mitigate climate change impacts on their operations 
2.3 46 0.90 

7. Do you believe that in the last five years, climate change (windstorms, 

excessive rainfall, temperature rise, sea state, CO2 and H2S concentration etc) 

has disrupted operations in oil and gas facilities? 

3.6 72 1.18 

8. Variations in climate temperature has a negative impact on oil and gas 

operations 
3.4 68 1.18 

9. Is there reason to believe that flooding affects oil and gas operations either 

onshore or offshore? 
4 80 1.01 

10. Increased carbon(iv)oxide (CO2) concentration contributes to corrosion, 

rust and pitting in oil and gas infrastructure 
3.9 78 0.99 

11. There is reason to believe that maintenance activities have increased in 

recent years? 
3.8 76 1.26 

13. Climate change has severe impact on the integrity and reliability of oil 

and gas operations. 
3.6 72 1.04 

14. Oil and gas infrastructure are not being designed with consideration of 

climate change impacts on their reliability, durability and integrity 
2.5 50 1.16 

15. Assets/facilities in the oil and gas industry deteriorate fast because of 

their geographical location 
3.6 72 1.17 

16. There is high probability that asset deterioration leads to high levels of 

accidents in the oil and gas industry 
3.6 72 1.04 

17. Climate change does not have a significant impact on the integrity and 

reliability of oil and gas operations. 
1.8 36 1.18 

18. There is reason to believe that assets/facilities deteriorate fast because of 

the nature of oil and gas operations. 
3.1 62 1.01 

19. Process safety management systems for the oil and gas industry do not 

consider contemporary concepts such as climate change in their 

implementation. 

2.2 44 1.05 

Total average score 
3.38 67.53 1.09 

Definitely disagree = 0, mostly disagree = 1, disagree = 2, agree = 3, mostly agree = 4, definitely agree = 

5 and unsure was assigned no numerical value. 

 

Some key responses from the study’s participants are highlighted in this section. 58% of the 

study’s participants definitely agreed that climate change was an important factor that could 

affect oil and gas operations. For other participants, 21% mostly agreed, 15% agreed, 2% 

disagreed, 2% definitely disagreed and 2% claimed they were not sure. Evidence from the 
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study’s results suggested that most participants were in agreement with the notion that climate 

change was an important factor that could affect oil and gas operations. 

34% of the study’s participants definitely agreed that climate change had a severe impact on 

the integrity and reliability of oil and gas operations. 36% of questionnaire respondents mostly 

agreed, while 3% agreed, 2% disagreed, 2% mostly disagreed, 2% definitely disagreed and 4% 

were unsure. Most participants were in agreement that climate change had a severe impact on 

the reliability of oil and gas operations. 

4% of the study’s participants definitely agreed that process safety management systems for 

the oil and gas industry did not consider contemporary concepts such as climate change in their 

implementation. 4% of participants mostly agreed, while 21% agreed, 53% disagreed, 4% 

mostly disagreed, 7% definitely disagreed and 7% were unsure. From the findings, it is evident 

that most participants were of the opinion that PSM systems in the oil and gas industry 

considered climate change in their implementations. 

 

6.5.1 Study participants’ responses about climatic conditions that have affected their 

oil and gas operations 

This section looks at some case studies cited by the study’s participants in the questionnaire’s 

open-ended questions (nos. 5 and 7). Here, the participants offered their opinions based on 

personal experiences of how climate change had affected their oil and gas operations. 49% of 

the study’s participants suggested flooding as a major, harsh climatic condition that had 

affected their oil and gas operations across all sectors. Other factors highlighted by the study’s 

participants included high temperatures (8%), extreme rainfall (25%), rising sea levels (11%), 

adverse weather conditions (11%), corrosion (6%), poor visibility (8%) and storms (11%). 

However, 11% of the study’s participants suggested that they could not particularly pinpoint 

any significant effect that climate change had posed on their oil and gas operations. 

6.5.2 Relative Importance Index (RII) 

Relative Importance Index (RII) analysis was also conducted to rank the responses from the 

study’s participants about the possible climatic conditions that may have affected their oil and 

gas operations. The response scores were ranked in ascending order, with a RII score of 1 being 

the most mentioned climatic factor by the study’s participants. As illustrated in Table 6.8, the 

most mentioned climatic factor was flooding with a RII score of 0.49, followed by extreme 
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rainfall with 0.25. Participants who highlighted rising sea levels, adverse weather conditions, 

storms and none had a RII score of 0.11. High temperatures and poor visibility were assigned 

a RII of 0.08, while corrosion was the least mentioned factor with a RII score of 0.06. 

Table 6. 8. Relative Importance Index (RII) of the participants’ responses to the most predominant impacts 

of climate change in oil and gas operations 

Climate change factor Number of 

participants’ 

responses 

Relative Importance Index (RII) 

Flooding 26 0.49 

Extreme rainfall 13 0.25 

Sea level rise 6 0.11 

Adverse weather condition 6 0.11 

Storm 6 0.11 

None 6 0.11 

High temperature 4 0.08 

Poor visibility 4 0.08 

Corrosion 3 0.06 

6.6 Pearson’s Correlation analysis 

Pearson’s correlation was employed to evaluate whether climate change was associated with 

negative impacts on oil and gas operations. Hence, Pearson’s correlation analysis directly 

addressed the second objective of this study which was to assess the impact of climate change 

on oil and gas operations. This included examining how climatic factors such as increased 

temperatures, rainfall, storm surges, CO2 concentration and rising sea levels affected oil and 

gas operations including drilling activities, transport and logistics operations, refining 

operations, etc. 

Key Assumption 

A key assumption in this study was that study participants who filled the questionnaire 

understood climate change vis-a-vis rise in mean global temperature. Therefore, a correlation 

analysis was conducted in section 6.6.1 to ascertain the relationship between participants’ 

responses and mean global temperature from 1967 to 2019. Also, it was assumed that rise in 

mean global temperature over the years played a significant role in fatal oil and gas accidents. 

Hence, correlation analysis was also conducted in section 6.6.2 to establish the relationship 

between mean global temperature and IOGP fatal accident rates from 1989 to 2018. Table 6.9 

illustrates the data for mean global temperature, participants’ responses and fatal accident rates. 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 156 

Table 6.10 presents a matrix showing Pearson’s () correlation coefficients of questionnaire 

responses about impacts of climate change on oil and gas operations. The Pearson’s () 

correlation coefficient r values were significant on two levels. The coefficients significant at 

r=0.05 were denoted with the superscript (*), while those significant at 0.01 were denoted with 

(**). As Pearson’s r values tend to 0.01, this infers that there is a stronger linear relationship 

between both variables. Most notably, Table 6.69 highlights a significant positive correlation 

between impacts of climate change (Q1) such as temperature variations (Q8), flooding (Q9) 

and CO2 concentration (Q10) on oil and gas operations at  = 0.300, 0.372 and 0.306, 

respectively. There is also a significant positive relationship between the disruption of oil and 

gas operations (Q7) and temperature variation (Q8), flooding (Q9), as well as CO2-induced 

corrosion (10) with -values of 0.677, 0.455 and 0.429, respectively. Oil and gas operations 

are also disrupted alongside an increase in maintenance activities (Q11), loss of asset reliability 

(Q13), geographical location (Q15), high accident causation (Q16) and asset deterioration 

(Q18) with -values of 0.429, 0.648, 0.507, 0.456, and 0.412, respectively. Detailed correlation 

results are presented in Appendix E.  

Table 6. 9 Mean global temperature, participants’ responses and fatal accident rates 

Year 

Annual mean 

temp + 1880 

baseline temp 

(14 deg. C) 

Fatal accident 

rate 

 

Year 

Annual mean 

temp + 1880 

baseline temp 

(14 deg. C) 

Participants’ 

Response score 

1989 14.27 13.9 
 

1967 13.98 0.69 

1990 14.45 13.2 
 

1968 13.92 0.71 

1991 14.40 9.6 
 

1969 14.06 0.61 

1992 14.22 9.9 
 

1970 14.02 0.81 

1993 14.23 10.4 
 

1971 13.92 0.51 

1994 14.31 6.7 
 

1972 14.01 0.61 

1995 14.44 9.2 
 

1973 14.16 0.82 

1996 14.32 8.12 
 

1974 13.93 0.69 

1997 14.46 8.35 
 

1975 13.99 0.56 

1998 14.61 12.55 
 

1976 13.90 0.85 

1999 14.39 7.02 
 

1977 14.18 0.73 

2000 14.39 7.28 
 

1978 14.07 0.66 

2001 14.54 5.11 
 

1979 14.16 0.17 

2002 14.63 4.81 
 

1980 14.26 0.71 

2003 14.62 4.94 
 

1981 14.32 0.79 

2004 14.54 5.24 
 

1982 14.14 0.68 

2005 14.68 3.53 
 

1983 14.31 0.68 

2006 14.64 3.92 
 

1984 14.15 0.69 

2007 14.66 2.99 
 

1985 14.11 0.67 
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Table 6. 9. (continued) Mean global temperature, participants’ responses and fatal accident rates 

Year 

Annual mean 

temp + 1880 

baseline temp 

(14 deg. C) 

Fatal accident 

rate 

 

Year 

Annual mean 

temp + 1880 

baseline temp 

(14 deg. C) 

Participants’ 

Response score 

2008 14.54 3.12 
 

1986 14.18 0.72 

2009 14.66 2.76 
 

1987 14.32 0.69 

2010 14.72 2.76 
 

1988 14.38 0.74 

2011 14.61 1.88 
 

1989 14.27 0.65 

2012 14.64 2.38 
 

1990 14.45 0.58 

2013 14.68 2.12 
 

1991 14.40 0.68 

2014 14.75 1.03 
 

1992 14.22 0.76 

2015 14.90 1.45 
 

1993 14.23 0.71 

2016 15.02 1.73 
 

1994 14.31 0.54 

2017 14.92 1.1 
 

1995 14.44 0.64 

2018 14.85 1.01 
 

1996 14.32 0.64 

   
 

1997 14.46 0.66 

   
 

1998 14.61 0.55 

   
 

1999 14.39 0.87 

   
 

2000 14.39 0.62 

   
 

2001 14.54 0.71 

   
 

2002 14.63 0.55 

   
 

2003 14.62 0.76 

   
 

2004 14.54 0.85 

   
 

2005 14.68 0.60 

   
 

2006 14.64 0.56 

   
 

2007 14.66 0.64 

   
 

2008 14.54 0.68 

   
 

2009 14.66 0.75 

   
 

2010 14.72 0.78 

   
 

2011 14.61 0.72 

   
 

2012 14.64 0.71 

   
 

2013 14.68 0.63 

   
 

2014 14.75 0.82 

   
 

2015 14.90 0.68 

   
 

2016 15.02 0.59 

   
 

2017 14.92 0.78 

   
 

2018 14.85 0.55 

   
 

2019 14.98 0.67 

 

 



Development of an Integrated Process Safety Management and Climate Change Model for the Oil and Gas Industry 

 

 158 

 

Table 6. 10. Pearson’s correlation results 

Correlations 

  1 2 3 4 6 7 8 9 10 11 13 14 15 16 17 18 19 

1                                   

2 .287*                                 

3 0.180 0.194                               

4 .331* 0.265 .354**                             

6 0.023 -0.123 0.075 -0.049                           

7 0.264 .510** 0.212 .485** -0.138                         

8 .300* .397** .305* .462** -0.181 .760**                       

9 .372** .360** 0.225 .380** -0.187 .677** .624**                     

10 .306* 0.144 0.233 0.213 0.011 .455** .338* .540**                   

11 0.164 0.171 .529** .293* 0.141 .429** .368** .411** .534**                 

13 0.159 .278* .411** .352** -0.024 .648** .542** .531** .625** .750**               

14 -0.061 .401** -0.015 .370** -0.263 .339* .368** 0.174 0.007 -0.025 0.207             

15 0.143 .636** 0.212 .338* -0.082 .507** .324* 0.200 0.093 0.223 0.150 .353**           

16 0.039 .441** .297* 0.218 -0.248 .456** .361** .303* 0.226 .335* .397** .359** .584**         

17 -0.217 -.493** -0.200 -0.270 0.047 -.493** -.419** -0.254 -0.221 -0.267 -.395** -.307* -.493** -.478**       

18 0.170 0.147 0.250 .313* -0.104 .412** .295* .274* 0.177 0.136 0.256 0.155 0.149 0.223 -0.170     

19 0.015 .338* -0.086 0.125 -0.255 0.078 0.036 -0.011 -0.095 -0.219 0.021 .423** .290* .271* -0.128 0.087   

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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6.6.1 Correlation of fatal accident rates and annual mean temperatures from 1989 to 

2018 

After collecting fatal accident rate (FAR) data from the IOGP database, correlation analysis 

was conducted alongside annual mean temperatures from 1989 to 2018. This was to ascertain 

the relationship between accident causation and rising temperatures in the last two decades. As 

illustrated in Figure 6.3, an inverse relationship was observed in both variables with an r2 value 

of 0.6085, which implies that this dataset accounts for approximately 60.85% of the variation 

in the dependent variable (fatal accident rate) around its mean.  

 

Figure 6. 3. Linear regression analysis of fatal accident rates and annual mean temperature from 1989 to 

2018 

Table 6.11 illustrates a significant negative Pearson’s correlation between fatal accident rates 

and rising temperatures since 1980, with a value of -0.780. This implies that an increased 

annual mean temperature is synonymous with a resultant decrease in fatal accident rates in 

the oil and gas industry. However, there are other factors such as human, organisational, 

safety management and organisational culture that need to be considered. Findings from 

Figure 6.7 suggest that there is a significant relationship between fatality and annual mean 
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temperature. A critical review of this finding vis-à-vis the qualitative findings will be 

discussed in chapter 9. 

Table 6. 11. Pearson’s correlation of fatal accident rates and annual mean temperature from 1989 to 2018 

Correlations 

 Fatal Accident Rate 

Annual mean 

temperature from 

1967 to 2019 

Fatal Accident Rate Pearson Correlation 1 -.780** 

Sig. (2-tailed)  .000 

N 30 30 

Annual mean temp + 1880 

baseline temp (14 deg. C) 

Pearson Correlation -.780** 1 

Sig. (2-tailed) .000  

N 30 30 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

6.6.2 Correlation of the participants' mean response scores and annual mean 

temperature from 1967 to 2019 

The questionnaire responses from the study’s participants were correlated against the annual 

mean temperatures from 1967 to 2019 to examine any relationship between their responses and 

rising temperatures in the last two decades. As illustrated in Figure 6.4, an insignificant linear 

relationship was observed in both variables with an r2 value of 0.0002, which implies that this 

dataset accounts for 0.02% of the variation in the dependent variable (participants’ response 

scores) around its mean. Eaves et al. (1978) suggested that studies involving human behaviour 

or opinion usually record low r2 values because of the difficulty in predicting human responses 

as opposed to physical processes.  
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Figure 6. 4. Linear regression analysis of participants’ response scores and annual mean temperature from 

1967 to 2019 

Table 6.12 illustrates an insignificant Pearson’s correlation between the participants’ response 

scores and rising temperatures since 1967, with a value of 0.897. This implies that an increase 

in annual mean temperature has no relationship with the participants’ response scores. 

Table 6. 12. Pearson’s correlation of participants’ response scores and annual mean temperatures from 

1967 to 2019 

Correlations 

 

Participants’ 

response scores 

Annual mean 

temperature from 

1967 to 2019 

Participant response scores Pearson Correlation 1 .018 

Sig. (2-tailed)  .897 

N 53 53 

1967 Annual mean temp + 1880 

baseline temp (14 deg. C) 

Pearson Correlation .018 1 

Sig. (2-tailed) .897  

N 53 53 
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6.7 Results and findings 

Table 6.13 presents a summary of the study’s hypothesis based on findings from the 

quantitative data analysis. 

Table 6. 13. Summary of hypothesis and quantitative results 

 Hypothesis Support data Results/findings 

References to analysis 

H1 Climate change has a 

significant impact on oil and 

gas operations 

Climate change has a 

significant impact on oil 

and gas operations based 

on quantitative findings 

The null hypothesis 

(H1b) is rejected based 

on Pearson () 

correlation coefficients 

of 0.300, 0.372 and 

0.306 as highlighted in 

Table 6.9. Therefore, 

the alternative 

hypothesis is accepted. 

In terms of the impacts of climate change on oil and gas operations, 94% of the study’s 

participants were in agreement that climate change was an important factor that could affect 

oil and gas operations. Also, 89% were in agreement that climate change has had a severe 

impact on the integrity and reliability of oil and gas operations. However, 64% of the study’s 

participants did not agree that PSM systems for the oil and gas industry did not consider 

contemporary concepts such as climate change in their implementations. Flooding was mostly 

highlighted by 49% of the study’s participants as the major harsh climatic condition that had 

affected their oil and gas operations. 

6.8 Summary 

This chapter has presented the processing and analysis of the raw and treated questionnaire 

data, as well as the analysis of case study data on climate change impacts on the oil and gas 

industry. The profiles of the participants were analysed to reflect their job roles, academic 

qualifications, level of experience, industry sector, location, as well as their region of oil and 

gas operations. The first statistical test carried out was Cronbach’s alpha reliability analysis to 

determine the internal reliability of the raw and treated data and to ensure that they were 

suitable enough to produce robust findings. 
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Descriptive statistics was used to analyse questionnaire responses from the study’s participants 

according to their mean, standard deviation and variance. Overall, 86% of the study’s 

participants suggested that climate change was an important factor that could affect oil and gas 

industry operations. Pearson’s correlation results also showed that climatic events such as 

flooding, temperature variations and CO2 concentration showed significant correlations with 

oil and gas operations. Flooding was highlighted by the study’s participants as the major 

climatic event that has affected oil and gas operations. These statistics reiterated the urgent 

need to integrate impacts of climate change into PSM systems in the oil and gas industry. 
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Chapter Seven 

Qualitative Data Analysis 

7.0 Introduction 

This chapter presents the findings from the qualitative data analysis. First, the chapter explains 

the participants’ profiles and sample representativeness. Next, it provides a brief description of 

the interview data, the structure of the interview and method of analysis; after which the 

validity of this research is ascertained. The chapter further analyses the participants’ views and 

perspectives about climate change, its impact on oil and gas operations and how important it is 

to be incorporated into PSM systems. Subsequently, the qualitative data were transcribed into 

manuscript form and NVivo 12 software was used to sort the participants’ responses 

concerning key themes emanating from the interview. The results and findings are presented 

and interpreted using excerpts, tabular and graphical illustrations. All interview data were 

collected from oil and gas industry professionals in order to understand the impacts of climate 

change on various oil and gas operations. The chapter is mainly focused on the examination of 

evidence, observations, and various themes emanating from climate change such as flooding, 

rainfall, temperatures, storm surges, sea states, CO2, H2S concentrations and their influence on 

oil and gas operations such as drilling activities, assets and facilities, logistics/transport 

operations and the general health and safety of the workers 

7.1 Sample representativeness and the participants’ profiles 

Semi-structured interviews were used for this study, with sets of questions tailored to address 

the study’s objectives. A total of 15 oil and gas professionals were contacted through a simple 

random sampling method where participants were randomly contacted based on their job 

affiliations with the oil and gas industry (Onwuegbuzie and Leech 2007). However, some 

participants who were easily accessible and previously known by the researcher as experienced 

industry professionals were selected using the convenience sampling method (Etikan et al. 

2016). The selected participants were contacted through emails and telephone calls to 

participate in this interview. However, a response rate of 47% as illustrated in Table 7.1 means 

that just 7 participants were chosen for the interviews. 57% were managers and senior 

supervisors from the upstream oil and gas sector, 14% were depot managers from the 

midstream oil and gas sector while 29% were managers and plant operators from the 
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downstream oil and gas sector. The interview participants that took part in this study were from 

various locations around the world: Nigeria, Kuwait, Saudi Arabia and Aberdeen. Due to the 

geographical location and spatial distribution of oil and gas facilities around the world, the 

population sample for this study was much smaller compared to similar studies in other sectors 

such as construction, aviation, agriculture, etc. Also, the population sample is always small in 

spatial studies; hence, the study utilised a biased sampling method in which the researcher had 

knowledge of some oil and gas professionals who were used as study participants. Most 

participants were recommended by familiar contacts, as well as other professional network 

channels in the oil and gas industry. Notwithstanding, this does not in any way affect the 

validity of this study as each of the participants selected for this study were experienced, top-

level management staff in reputable multi-national oil and gas companies. It should also be 

noted that due to the sensitivity of the nature of this study, some study participants might have 

offered biased responses with regard to climate change and its effects on oil and gas operations. 

However, the researcher catered for biased response by using probing questions based on the 

participants’ responses to ascertain that they were as valid as possible.  

Table 7. 1. Sample representativeness and study participants’ profiles 

Industry sector Upstream Midstream Downstream 

Participants’ positions Managers and senior 

supervisors 

Depot Manager Manager and plant 

operator 

Participants’ 

occupations 

Mechanical Engineers, 

Production and Well 

Engineers, Safety and 

Reliability Engineers 

Facility Engineers Process Engineers, 

Health and Safety 

Officers 

Number of interview 

participants 

4 1 2 

% participation 57 14 29 

7.1.1 Structure of the interview and method of analysis 

This study utilised telephone conversations as the primary source of interview data. These 

interview data were recorded using an in-built laptop recorder; then later transcribed to ensure 

that the conversations were coherent, readable, and transparent, reflecting the views of the 

interviewed participants with regard to the aim and objectives of the study. 
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This study adopted semi-structured interviews (refer to Appendix B for interview questions 

and full transcripts of some interviews), containing a set of questions prepared by the researcher 

to gain valuable information from the interviewed participants concerning the key themes 

bordering around the aim and objectives of the study. The data was first coded as a preliminary 

measure to examine and sort the interview data according to the interview questions and the 

participants’ responses. Afterwards, keywords emanating from each of the interview 

conversations relating to the aim and objectives of this study were screened and selected for 

further analysis. This helped in highlighting keywords, phrases and terms that were repeated 

on a consistent basis. Electronic copies of the interview data were used constantly in the study 

to store, match, retrieve and examine variables or coded themes. To enhance the validity of this 

study, these highlighted keywords, phrases and terms helped the researcher in constructing a 

narrative from the study findings. For the purpose of enhancing the readers’ understanding of 

the study’s findings, some textual contents were trimmed to reflect significant statements made 

by the interview participants concerning the study’s key variables. 

The interview data for this study were analysed using content analysis. This is because of its 

usefulness in identifying keywords, paragraphs or themes. It involves the process of noticing 

concepts, collecting examples of these concepts and analysing interviewees’ perceptions in 

order to find commonalities. Other types of qualitative data analysis such as thematic and 

Jefferson data analysis were also considered. However, Jefferson data analysis requires the 

researcher to quote every statement from the interview verbatim, without trimming any of the 

textual content from the interview. Also, this method of analysis is most commonly used in 

fact-finding research in journalism. Consequently, this process was deemed too cumbersome, 

time-consuming, and resource consuming. Also, while thematic analysis is more suited for 

analysing narrative materials of life stories, content analysis is more concerned with 

exploratory work regarding unknown phenomena which is what this study is about. Thus, 

content analysis was adopted as the preferred choice of interview analysis for this study. 

7.2 Validity of the research 

Validity in research explains how successfully a research has achieved its aim and objectives 

(Golafshani 2003). It also reveals the extent to which the study results can be transferred to 

other situations (transferability) (Smith et al. 2011). Also, it tends to check if the researcher is 

right in establishing a relationship between the variables (Meyrick 2006). The validity of a 
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study also aims to identify the robustness of the research design and if other approaches have 

been considered (Sandelowski and Barroso 2003). It checks if the research findings have been 

accurately interpreted and if the study has been impacted by other intervening events (Smith et 

al. 2011). 

There are unending theoretical disagreements about validity, often defined as truth with regard 

to qualitative inquiry (Golafshani 2003). In order to avoid complexities often associated with 

these arguments, the researcher adopted the viewpoint that there was a pure form of truth 

somewhere that could be discovered by using appropriate and valid research methods (Meyrick 

2006). This study assumes valid qualitative research to adequately reflect diverse social worlds 

or offer various explanations to the reader. 

Validity was considered at every stage of the research process, most notably in three key facets: 

(1) production - designing the interview questions, the interview process and data recording; 

(2) presentation – replicability, valid inference and arrangement of the data; and (3) 

interpretation – meaningful discussion of the data. Generalisability or external validity is the 

extent to which research findings can be applied to other settings other than that in which they 

were originally tested and if a theory can be applied to other populations (Saunders et al. 2009). 

This was ensured by encompassing experienced and knowledgeable participants from the 

upstream, midstream and downstream sectors of the petroleum industry, as well as from 

various regions including the UK, Nigeria, Saudi Arabia and Kuwait. 

7.3 Qualitative findings 

The data analysis pinpointed some key impacts of climate change ranging from flooding to 

rainfall, temperature, storm surges, sea state, CO2, H2S concentration and their influences on 

oil and gas operations such as drilling activities, assets, facilities, logistics/transport operations, 

as well as the general health and safety of the workers. Key findings from the interview 

participants’ quotes were extracted from the transcribed interviews and presented in this 

section. 

7.3.1 Generic view about the key themes of the study (overall view about climate change 

in oil and gas operations) 

The researcher considered that not all the study’s participants would agree with the concept of 

climate change and while some may agree, they may hold various perspectives and viewpoints 

about the issue. Thus, the interviewees were asked to express their views about climate change 

and how it affected oil and gas operations. The interviews commenced with the study’s 
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participants giving their perceptions and opinions about climate change as a contemporary 

issue and how it affected the oil and gas industry. Some of their responses are highlighted 

below: 

‘Whether we like it or not, there is a climate change problem around us. If you look 

at the UK, compared to 3-10 years ago, the weather is getting very hot which shows 

that the sun is coming directly to the earth. The ozone layer (O3) is depleting and it 

affects a lot of things such as agriculture and vegetation.’ (Production and Well 

Engineer- upstream oil and gas company) 

 ‘…Talking about climate change, especially with the way the weather has changed, 

it has tremendously affected offshore operations.’ (Facility Engineer – midstream 

oil and gas company) 

‘…The method of production is one of the major causes of global warming due to 

cutting corners. Companies are quite negligent with issues of waste management 

and trapping flared gases, which tend to aggravate the issue of climate change’. 

(Process Engineer – downstream oil and gas company) 

However, one of the study participants who is a Mechanical Engineer had an alternative 

perspective on the concept of climate change; stating that climate change was a hoax and did 

not exist. His response is as follows: 

‘…Climate change is a hoax and does not exist. I do not really believe in climate 

change. I think it is just political propaganda rather than a genuine environmental 

concern’ (Mechanical Engineer – upstream oil and gas company) 

Based on these assertions by study participants, there is a clear indication that climate change 

is on the rise and is affecting various facets of oil and gas operations. 

7.3.2 Influence of climate change on process safety and oil and gas operations 

To address one of the key objectives of this study which is to assess impacts of climate change 

on oil and gas operations, the study’s participants were asked about the various ways that 

climate change could influence oil and gas operations. The researcher further sought to 

understand how incidents associated with climate change such as flooding, rainfall, storm 

surges, greenhouse gas concentration and extreme heat, etc. affected various oil and gas 

operations such as drilling, maintenance, logistics, transport, storage and many other 

operational activities. The responses from the study’s participants are as follows: 
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‘…Yes, it really does…it affects drilling operations in diverse ways such as 

corrosion’. (Production and Well Engineer- upstream oil and gas company) 

‘… arguably climate change affects oil and gas operations. For instance, flight 

logistics…, there are situations where you have extreme weather and on account of 

that, there is a chopper which is ordinarily meant to convey people from one end to 

the other to carry out services such as well head operations, increasing production 

or even addressing reported pollution issues. But because the weather is not 

conducive, they have to wait until the weather gets better. So, it affects it to a large 

extent. And for even some of the vessels that come to supply materials, when the 

tides are usually very high, they report that they can’t sail due to the fact that the 

swirl is rough or turbulent’. (Safety and Reliability Engineer – upstream oil and gas 

company) 

‘…Climate change affects operations because the weather conditions and sea state 

determine whether operations can take place. For instance, there are limits imposed 

on every task plan in our vessel that for every installation done offshore, if the sea 

state is above a certain level, you cannot do anything and if the sea state is below, 

you can install them. So definitely, a lot of times, climate change and weather state 

do affect offshore operations vigorously’. (Mechanical Engineer – upstream oil and 

gas company) 

‘…If there is snow for example, you will not expect helicopters to fly. During the 

winter periods, the tides may be so high that the supply boats may not be able to 

transport things offshore. And again, that affects people going offshore e.g. during 

the winter times, the storm surge is astronomical in the North Sea. So, it’s difficult 

to have that balance to do drilling in that period. If you cannot fly people with 

helicopters to offshore locations, that eventually affects whatever activity that you 

are doing offshore…Then if you can’t get your supply boat – because most things 

are transported through supply boats – if you can’t take your things e.g. food from 

onshore to offshore locations, it can be said to have impacted operations. On the 

land side of things, if you can’t mobilise things e.g. equipment from places like 

Aberdeen to the port where it will sail offshore, due to trains or vehicles not being 

able to transport because of snow, that could affect the ability of the organisation 

to supply resources that are needed to carry out activity offshore’. (Facility 

Engineer – midstream oil and gas company) 
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‘…Generally, the major adverse effect is a decrease in production which in turn 

leads to low productivity and profitability. In the oil industry, what is talked about 

is safety first and safety is everyone’s business.’ (Process Engineer – downstream 

oil and gas company) 

A key deduction made from these viewpoints of interviewees is that climate change affects 

various oil and gas operations based on the type of activity being carried out. These adverse 

impacts include helicopter transport disruptions due to windstorms in offshore regions, 

corrosion of oil and gas infrastructure, as well as limits imposed on task plans due to harsh 

weather conditions. 

Influence of climate change on the turn-around maintenance period 

As a follow-up question to the impact of climate change on oil and gas operations, the study’s 

participants were probed further for better understanding on whether climate change had any 

effect on the turn-around maintenance period of assets and facilities. The participants were 

asked to cite practical examples from their viewpoint on why they believed that climate change 

had a definite and significant influence on the turn-around maintenance period. Their responses 

were as follows: 

 ‘… there are certain times you would want to do maintenance, but you cannot do 

it if the weather is bad. For example, looking at subsea wells, one of which I worked 

in the North Sea, mostly between October to January, they cannot do a lot of 

maintenance because of bad weather conditions, sea state and other climate change 

effects. So, it does affect when they can do it’. (Mechanical Engineer – upstream oil 

and gas company) 

‘…If there are any maintenance activities to be carried out on pipelines and there 

is extreme rainfall, no work will take place. This could also lead to spillage and 

effect surrounding communities which file civil prosecutions that cost the 

companies huge sums of money. Spare parts are not provided on time due to bad 

weather conditions which cause delayed maintenance operations and, in most 

cases, damaged equipment. If maintenance activities are funded adequately, they 

will be more resilient to withstand climate change impacts.’ (Process Engineer – 

downstream oil and gas company) 

‘…Climate change does affect everything in offshore locations because you have a 

platform operating in the middle of the sea, susceptible to weather changes and 
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harsh conditions. Everything offshore is dependent on having the right weather to 

carry out activities. You can’t do testing or welding when it’s raining unless it is an 

enclosure. Also, when the wind is too much, it does affect operations greatly. You 

cannot also do rope access jobs because of windspeeds as well’. (Facility Engineer 

– midstream oil and gas company) 

Based on the last excerpt when a study participant claimed that “…Climate change does affect 

everything in offshore locations…”, the interviewees were probed to cite two or three examples 

from their viewpoints of how climate change affected everything in offshore locations. They 

responded by saying; 

‘…That is why most companies schedule maintenance during the summer. 

However, there could be a need for maintenance activities in the winter due to 

equipment breakdown. But still, you have to wait for the weather to give you a 

window/permission to carry out the maintenance’. (Mechanical Engineer – 

upstream oil and gas company) 

‘…However, if you would have to do your turn-around maintenance, it is something 

that is normally planned, and adequate logistics have to be in place to get that 

carried out. With that, you are shipping in materials, renew some things, chop out 

some part of the facility, bring in new equipment etc. and the old ones have to be 

shipped out as well. If you have barge or rig movement, this is another major thing 

that is usually impacted by sea swirls or low tides.’ (Safety and Reliability Engineer 

– upstream oil and gas company) 

It is evident from these findings that maintenance activities such as pipeline repairs, testing, 

welding, spare part transport etc. cannot be effectively carried out during harsh weather 

conditions; thus, leading to potential risks for accidents, oil spills and consequent civil 

prosecutions. 

7.3.3 Impact of ageing assets on safety reliability 

Most oil and gas assets such as pipelines and rig platforms have been installed several decades 

ago. Since then, the proportion of change witnessed in the earth’s climate has changed 

drastically. Hence, the study’s participants were asked about how the age of these assets 

affected their reliability to withstand the current harsh climatic conditions. They responded 

thus: 
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‘… I think it does have an effect, however, when most companies install these 

facilities – especially in subsea regions, they have a lifespan for them. But I feel the 

sea state and harsh weather conditions are increasing the cost of maintenance. 

Because if the platform/installation is depleting faster… it means that you will have 

to maintain it more frequently. Also, a lot of the components such as anode which 

is made up of magnesium is attached to metals e.g. iron and uses the law of 

electrolysis to act as a protective covering and prevent the deterioration of the 

equipment. Since the anode depletes first, it needs to be replaced quite frequently 

because once the anode depletes completely, if you don’t change it, your asset will 

start to decay faster than you can imagine. So, I think it is affecting it, but a lot of 

companies are stepping up their maintenance which is in turn increasing the cost 

of maintenance…’. (Mechanical Engineer – upstream oil and gas company) 

‘…. for subsea pipes, they are not that impacted because they are protected against 

rust. And so long as they are buried in water, the corrosion extent is minimal and 

reduced because it is not exposed to air, unlike the surface pipes.’ (Safety and 

Reliability Engineer – upstream oil and gas company) 

‘… Obsolete equipment is part of the reasons why equipment cannot withstand 

current impacts of climate change. There is insufficient funding with regard to 

investing in cutting-edge technologies that can cushion the effects of climate 

change’. (Process Engineer – downstream oil and gas company) 

Based on one of the participants’ responses about subsea equipment being not much affected 

by climate change, they were then asked probing questions to justify their reasons as to why 

this was the case and if so, offer an opinion about the effect of climate change on topside oil 

and gas equipment. They responded by saying that; 

‘…. For offshore environments, due to the sea water, the water is always salty. 

Hence, the impact on topside equipment is very huge as it accelerates corrosion. 

Every now and then, due to the waves hitting against the platform structure and 

legs, they are prone to corrosion. From time to time, you begin to see some pitting 

in pipes as a result of the climate change. They are usually normal environmental 

factors but most part can still be attributed to climate change’…. (Safety and 

Reliability Engineer – upstream oil and gas company) 

While it is argued that most oil and gas companies consider the lifespan of assets during 

installation and that some of these assets such as subsea pipes are not as affected as surface 
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pipelines; however, the impacts of climate change on oil and gas assets are exacerbated by 

obsolete equipment which are not replaced on time due to cost-cutting by management. 

7.3.4 Trend of maintenance activities in recent years 

Another question asked the interviewees to ascertain if there had been an upsurge or downward 

trend in maintenance activities in recent years due to climate change. Typically, maintenance 

activities are conducted either as preventive or mitigation measures on oil and gas facilities and 

equipment (Vinnem et al. 2016). This infers that an increase in maintenance activities may be 

possibly attributed to climate change (Zamuda et al. 2013). In order for the researcher to gain 

first-hand information from the experts in the industry, the participants were quizzed about 

recent maintenance trends and they responded by saying; 

‘I think the maintenance is on the increase because of previous situations either by 

safety-related cases or breakdown which affects production. So, a lot of companies 

have stepped up maintenance believing that with constant maintenance, you can 

keep your equipment running and you can keep production high. So, I will say that 

maintenance is on the high side in my company’. (Mechanical Engineer – upstream 

oil and gas company) 

‘Maintenance activities have actually increased in recent years but a lot of times, 

they are hindered due to inadequate funding by top management. Also, adverse 

weather conditions limit the extent to which maintenance activities can be carried 

out’. (Process Engineer – downstream oil and gas company) 

 ‘I think it has rather reduced significantly and that still boils down to a lot of 

factors. Although, largely the economics have not supported a lot of them’. (Safety 

and Reliability Engineer – upstream oil and gas company) 

There seems to be a debate about trend of maintenance activities in recent years. While some 

interviewees suggest that it has increased in order to prevent breakdown issues that could halt 

disrupt production, some interviewees argue that maintenance activities have reduced over time 

due to inadequate funding by management. However, harsh climatic conditions are generally 

considered as factors that could increase the need for more maintenance activities to be carried 

out; but at the same time, also hinder them from being conducted. 

7.3.5 Design of oil and gas facilities with regard to climate change 
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There is an assumption that oil and gas facilities may not have been designed to withstand the 

impacts of climate change (Cruz 2010). Hence, the study’s participants were asked to offer an 

unbiased response on what they felt about the stance of oil and gas companies in designing 

their facilities and equipment with climate change in mind. Their responses are highlighted as 

follows: 

‘…If you look at Shell, BP, Chevron and other key players in the oil and gas 

industry, they have specific departments working on climate change known as the 

Greenhouse House and CO2 carbonization. This department studies climate change 

and how to reduce the effect through their operations. That’s why in places like 

Aberdeen, there is a lot of research going on about carbon storage to reduce the 

effect of climate change’. (Production and Well Engineer- upstream oil and gas 

company) 

‘When platforms are installed offshore, there is something called cathodic 

protection with the legs of the platform. So, the cathodic protection uses the 

principle of electrolysis, where one part of the metal is dissolving and one part 

being protected, in which case the sea water is the electrolyte. Another thing done 

from time to time is to conduct surface repainting of all the assets by chipping off 

the rust and repainting the surface to add a protective layer, making them 

impregnable from water or any other substance to get in contact with the direct 

metal’. (Safety and Reliability Engineer – upstream oil and gas company) 

‘The new/modern facilities and equipment have climate change issues factored into 

them; however, it depends on the country. For instance, in Canada, there are 

usually icebergs which could break loose and hit a flowline. So, the flowlines are 

designed in such a way that if the icebergs hit them at whatever speed and force, 

the flowline can detach from a weak link in its connection to reduce the impact and 

then whenever the weather becomes better, the flowline is reconnected. So, they do 

factor it into the design depending on the country and weather condition of that 

place. (Mechanical Engineer – upstream oil and gas company) 

‘The capabilities, experience and inclinations of private industries are questionable 

with regard to combating climate change’. (Process Engineer – downstream oil and 

gas company) 

According to the Mechanical Engineer’s response, it was assumed that oil companies fully 

factored climate change into the design of oil and gas facilities. Consequently, the researcher 
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probed to know why accidents that were possibly caused by adverse weather conditions still 

affected oil and gas installations. The response was as follows:  

‘…But not every weather condition can be prepared for because sometimes, nature 

just takes its course. With the constant change in the climate, when it is weather 

against asset, the weather will always win because it must have its way. Especially 

when the weather is beyond the design measure put in place. However, they 

consider these weather conditions e.g. in America, they do consider hurricanes 

when designing facilities... So, I will say yes to that question. The new designs take 

into consideration climate change because it cannot be ignored because it is 

something that it undeniable. Moreover, if they are not prepared for, they could 

incur more damage not just to equipment, you can even endanger people’s lives.’ 

(Mechanical Engineer – upstream oil and gas company) 

Several interviewees opine that huge strides have been made in designing facilities to withstand 

the impacts of climate change. In recent times, most oil companies now engage in research 

funding to aid in reducing the impacts of climate change on their operations. Also based on 

geographical location, there are various safety measures put in place to protect oil and gas 

assets such as cathodic protection, as well as detachable flow lines. However, it is imperative 

to curb the menace of climate change through prevention, mitigation and adaptation; since 

adverse climatic events cannot always be adequately prepared for. 

 

7.3.6 Health and safety risks posed by climate change 

Climate change has been suggested to cause certain health and safety risks within the oil and 

gas industry (Adam-Poupart et al. 2013). Interviewees were asked if they believed that climate 

change possessed a direct or indirect threat to the health and safety of staff, the environment, 

aquatic lives and host communities, etc. They responded by saying; 

‘…Also, crude oil contains a lot of chemicals which have negative effects on the 

environment. When you talk about climate change, it also has to do with heat. Don’t 

forget that produced hydrocarbons will also evaporate in the presence of heat. This 

can cause ill-health and damage the ozone layer’. (Production and Well Engineer- 

upstream oil and gas company) 

 ‘Rainfall does not affect offshore work as much as wind speed and sea state. Heat 

does in a way, but it has to be factored into the equipment. For example, in hot 
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climates like Africa, there has to be provisions made for cooling them like operating 

them in cooling waters. But for wind speed, swirls, waves and overall sea state, they 

really affect the vessel and operations. For floating platforms, flooding does not 

really have a huge impact. Not all aspects of climate change affect offshore 

operations, but flooding does affect onshore facilities…The thrusters could be 

overworking themselves and sometimes, the whole ship could be wrecked or capsize 

as a result. Therefore, I will say that there are definitely serious safety concerns 

associated with climate change’. (Mechanical Engineer – upstream oil and gas 

company) 

‘…Combustion of tyres and other end-products by community residents in certain 

oil and gas producing regions such as Nigeria has caused increased concentrations 

of soot and carbon monoxide in the atmosphere which has been found to cause 

cancer and other lung-related illnesses in Nigeria’. (Process Engineer – 

downstream oil and gas company) 

Health and safety risks posed by climate change are evident in the form of damage to the ozone 

layer which causes heat-induced fatigue, increased stress levels at work and ill-health. Also, 

flooding can cause damage to onshore facilities and expose workers to physical and chemical 

hazards. 

7.3.7 Impact of climate change on asset deterioration 

The interviewees were asked to express their views on whether climate change significantly 

influenced oil and gas asset deterioration. Assets are made of materials that are susceptible to 

deterioration or damage when exposed to unfavourable environmental conditions (Yuan et al. 

2018). Climate change significantly changes the composition of the environment and may be 

deemed to affect the reliability of oil and gas assets (US EPA 2017). However, there are also 

some suggestions that assets are well designed to withstand any adverse weather conditions 

posed by climate change (Puig et al. 2015). To clarify this disparity, the participants were 

quizzed about their own objective stances about this debate and their responses were as follows: 

‘…It has a lot of impacts on our activities. A lot of equipment such as wellhead, drill 

strings etc. would have stayed for 3 to 7 years before they started corroding; 

however, there is more corrosion now in equipment such as the pump head. Even 

with regard to well integrity, which normally stays up to 3 to 30 years before 

corrosion, there is a lot more corrosion now compared to previous years…climate 
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change has a lot of adverse and negative effects, and hardly any positive effects.’ 

(Production and Well Engineer- upstream oil and gas company) 

‘…However, coming up to the surface structure, pipelines, bolts and nuts are 

usually exposed to air, which causes a chemical reaction leading to corrosion’. 

(Safety and Reliability Engineer – upstream oil and gas company) 

‘Yes, absolutely it does very greatly. Even equipment that are not in subsea regions, 

that are above water corrode very fast because the wind is salty. You may not see 

it, but everything around you is salty. So, it does affect equipment, makes it deplete 

fast; including topside equipment and subsea equipment’. (Mechanical Engineer – 

upstream oil and gas company) 

‘There are things that cannot be avoided such as earthquakes and storms. These 

days, it rains and gets flooded as it never was in previous years’ (Process Engineer 

– downstream oil and gas company) 

‘…Firstly, when you have increased rainfall, you’re poised to have more corrosion 

and degradation. And the storm can damage jacket structures in offshore locations 

which means they will need to be repaired’. (Facility Engineer – midstream oil and 

gas company) 

- Case studies provided 

‘…One paper I am even looking at right now is talking about a pipeline blowout in 

Bangladesh which killed 7 people due to extreme heat caused by climate change’. 

(Manager- upstream oil and gas company) 

With regards to the impacts of climate change on asset deterioration, participants are quite 

unanimous on the matter; citing that most oil and gas infrastructure that would have lasted for 

several decades deteriorate quicker due to corrosion caused by salty winds, temperature 

variation, storm surges, intense rainfall and flooding. 

7.3.8 Impact of climate change on oil and gas workers 

There are suggestions that climate change has had adverse effects on not just the environment, 

but on people (Isachenkov 2010). Since climate change could have negative impacts on oil and 

gas installations and facilities, it is imperative to believe that the people working in this 

environment could likely be affected as well (Field et al. 2012). Nonetheless, in order to gain 
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information from people who may be directly affected by this menace, the participants were 

asked about it and they responded by saying; 

 ‘Depending on health status, if you have people allergic to cold, this could pose 

significant health challenges. At the same time, if there are people who have issues 

of hypertension, because of the nature of the job such as emergencies and running 

around to address them, they could cause a spike in blood pressure.’ (Safety and 

Reliability Engineer – upstream oil and gas company) 

‘There are definitely safety issues that can arise, particularly if the staff or company 

are not well prepared. For example, in October 2018, when carrying out a plough 

support operation in the North Sea, the weather was so bad that we had to leave the 

field to the port. And even while leaving to wait at the port, the weather was so bad, 

and the sea was rough that most people were throwing up and sea-sick. A lot of 

people could not do anything despite leaving the field to go to a safer destination 

because the sea had already become very turbulent. Sometimes, in the process of 

safety evacuation, if the weather catches you at a very bad spot, you can endanger 

the whole crew, people can get sick and it could even damage the boat’. 

(Mechanical Engineer – upstream oil and gas company) 

‘…It also affects the morale of the staff as no worker will want to be subjected to 

any situation where he is not sure he will survive the operation, no matter the 

amount of money being paid. Flooding also kills workers which results in 

underlying losses.’ (Process Engineer – downstream oil and gas company) 

‘…There was a certain period when we stayed 4 days offshore and could not go 

outside because of the wind speed. If the wind speed goes beyond 30 knots, you’re 

not allowed to operate offshore…If you can’t send people offshore, you cannot do 

anything’. (Facility Engineer – midstream oil and gas company) 

The health of workers was also a major concern highlighted by several participants. Indeed, 

climate change can pose severe threats to oil and gas workers in various ways such as workers 

allergic to extreme cold or heat, risk to hypertensive workers during emergency evacuation, 

and sea sickness due to turbulence. Also, death of workers due to intense flooding, hurricanes, 

and storm surges could lead to low staff morale due to inadequate safety measures; thus 

encouraging a vicious cycle of poor safety culture. 
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7.3.9 Climate change as an important factor for PSM systems 

A major objective of this research is trying to establish a rationale for the inclusion of climate 

change into PSM systems. Process safety as a discipline tends to address loss of containment 

events such as fires, explosions, structural collapses and the release of hazardous substances 

into the environment. The study’s participants were asked about their opinions on whether 

climate change could lead to any of these loss of containment events and of course, various 

viewpoints were put forward: 

‘Yes, it’s very important. It has to be factored into PSM systems. The world’s 

weather is changing rapidly. Places that were not known to be cold are now 

becoming cold while places that were not known to be hot are becoming hot. 

Climate change is really affecting and disorganising the world’s climate, so it is 

important for process safety specialists to factor into their PSM designs both the 

present climate change impacts and the future impacts of climate change. The 

weather is changing seriously with all the greenhouse effect which is beginning to 

change a lot of things around the world. Some countries are now witnessing what 

they have never encountered before so these things are real, they are here with us 

and they must consider it’. (Mechanical Engineer – upstream oil and gas company) 

‘…Oil and gas companies have to address climate change in order to enhance the 

safety of their operations, staff, equipment and environment’. (Process Engineer – 

downstream oil and gas company) 

 ‘With regard to process safety, climate change may not really be a major factor 

because process safety borders around preventing loss of containment. Process 

safety ensures that the crude is confined in either a pipeline or container to prevent 

any spill or going beyond the confined boundary. So, if you’re looking at process 

safety management, it takes a little departure from climate change. Climate change 

does not really have much impact vis a vis PSM’. (Safety and Reliability Engineer 

– upstream oil and gas company) 

One of the study participants who was a Safety and Reliability Engineer suggested that climate 

change had absolutely no relationship with process safety, and that process safety focused 

solely on preventing loss of containment events of hazardous substances and chemicals from 

being released into the environment. However, the researcher argued that according to previous 

case studies, there were scenarios where harsh weather conditions had triggered loss of 

containment events such as pipeline leaks, structural failure of rig platforms and the capsizing 
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of vessels transporting petroleum products. The participant then further explained his position 

on climate change and process safety management as follows: 

‘…Where climate change really comes into play is logistics that affect operations 

which are carried out by humans, but for automated systems, climate change does 

not really come in. The main thing to consider is what could go wrong in the process 

system and the possible ways to mitigate and prevent them from happening. 

However, process safety management is so broad. If you’re looking at general 

operations, PSM is a subset of it. But the good number of them dependent on humans 

to drive are most affected by climate change. For example, trying to intervene after 

a problem has been identified. But when you have an automated system in place, 

whether it rains, tides are high or low, snow cover, the system still works as it should 

because most of the time it is power-driven’. (Safety and Reliability Engineer – 

upstream oil and gas company) 

While some participants tend to argue about the validity of climate change in process safety, 

the evidence from case studies, questionnaires and content analysis of interview data suggest 

that climate change is indeed an important factor that should be included in PSM systems to 

enhance the safety of staff, operations, equipment and environment.  

7.4 Summary 

A key deduction that can be drawn from this chapter is that the majority of the study’s 

participants believe that climate change significantly influences oil and gas operations and 

facilities. However, there were a few dissenting voices who believed that operations would 

naturally be disrupted with or without climate change. For example, one of the study 

participants who was a Process Engineer was quoted as saying “…There are things that cannot 

be avoided such as earthquakes and storms”. However, a Safety and Reliability Engineer 

argued that “…Climate change hugely affects oil and gas operations mainly during adverse 

weather conditions when helicopters cannot fly, or vessels cannot transport petroleum products 

due to high tides or rough sea states.’ Although, according to one of the interviewees who was 

a Mechanical Engineer, “Climate change is a hoax and does not exist”. However, it should be 

noted that most oil and gas professionals are scientists and are more inclined to believe in 

climate change. Therefore, this could be a possible reason for the huge agreement on climate 

change after conducting the interviews in this study. 
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Chapter Eight 

Development of the Process Safety Management and Climate Change 

Model 

8.0 Introduction 

This section provides details of how the integrated process safety management and climate 

change model for this study was developed. In this chapter, a preliminary study by Theophilus 

et al. (2018) formed the theoretical foundation used to develop the PSM system for the study. 

The first step involved the screening and selection of elements within PSM systems applicable 

in the oil and gas industry. The selection of PSM elements was also informed by findings 

obtained from quantitative, qualitative and archive data analysis in previous sections of the 

study. After selecting the relevant PSM elements for the study, a taxonomy was created to 

categorise the elements by mapping them under key areas and creating subcategories for each 

element. Next, the PSM system was then developed by creating a framework to group the 

elements under risk-based factors such as people, procedures and equipment. Also, this 

framework was further subdivided to account for culture-based factors that affect PSMs such 

as management and employee culture, as well as external factors such as audits, regulations 

and climatic conditions. Lastly, the integrated PSM and climate change model was developed 

to account for risk-based, culture-based and external factors of process safety management in 

the oil and gas industry. This chapter addressed the third objective which was to develop an 

integrated PSM and climate change model for the oil and gas industry. 

8.1 Screening and Selection of Elements from PSM Systems in the Oil and 

Gas Industry 

After screening the 18 PSM systems highlighted in Table 8.1, a total of 27 PSM elements were 

selected for the development of an integrated PSM and climate change model for the oil and 

gas industry. There were some PSM elements that were common across various PSM systems, 

while some were particular to one PSM system. Any element that was found in various PSM 

systems was included in the new PSM system as a standalone element, and elements that were 

present in just one system were also incorporated into the new PSM system. However, one 

element that was missing from all the existing PSM systems was the impact of climate change 

on oil and gas operations. Therefore, the management of harsh weather conditions and climate 
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change was included as an element to develop a robust PSM system for the oil and gas industry. 

As illustrated in Table 8.1, all elements present in any PSM system were assigned a tick mark, 

while those that were absent were left blank. This method was similarly adopted in Nicholson's 

(2003) study on efficient PSM implementation and most notably, in that of Theophilus et al. 

(2018) which focused on designing an integrated PSM system. The PSM system for this study 

was added in the last column of Table 8.1 and was termed as an integrated PSM and climate 

change model because it integrates climate change, which is a contemporary factor that affects 

process safety management in the oil and gas industry. The novel concept which distinguishes 

the Integrated Process Safety Management and Climate Change model from the IPSMS model 

by Theophilus et al. (2018), as well as other pre-existing PSM systems is “management of 

harsh weather conditions and climate change. The subcategories of this element were formed 

based on analysis results of questionnaire and interview findings from oil and gas professionals, 

as well as literature-based evidence. In the last row of Table 8.1, these subcategories are 

highlighted, along with how they address each of the facets of PSM including personnel, 

procedures, facilities and safety culture. 
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Table 8. 1. Screening and selection of elements from PSM systems in the oil and gas industry adapted from Theophilus et al. (2018) 

 

Process Safety Management (PSM) System Elements 

 

E
n

e
r
g
y
 I

n
st

it
u

te
 H

ig
h

-L
e
v
e
l 

P
S

M
 F

r
a
m

e
w

o
r
k

 

D
u

P
o
n

t 
O

R
M

/P
S

M
 M

o
d

e
l 

 O
S

H
A

 P
S

M
 P

r
o
g
r
a
m

 

 A
IC

h
E

/C
C

P
S

 R
B

P
S

 S
ta

n
d

a
r
d

 

 R
e
sp

o
n

si
b

le
 C

a
r
e
 P

r
o
c
es

s 
S

a
fe

ty
 C

o
d

e 

 C
S

C
h

E
 P

S
M

 G
u

id
e
 4

th
 e

d
it

io
n

 

 
A

P
I 

R
P

 7
5
/S

E
M

S
 

 
A

P
I 

R
P

 7
5
0

 

 
C

O
M

A
H

 R
e
g
u

la
ti

o
n

s 

 
C

IM
A

H
 R

e
g
u

la
ti

o
n

s 

 
S

a
fe

ty
 C

a
se

 

 
B

P
 O

M
S

  

 
E

x
x
o
n

M
o
b

il
 O

IM
S

  

 
IO

G
P

/I
P

IE
C

A
 O

M
S

  

 
IL

O
 P

S
M

 F
r
a
m

e
w

o
r
k

  

 
E

P
A

 R
M

P
 

 IP
S

M
S

 M
o
d

e
l 

  

      1
7
 

In
te

g
r
a
te

d
 P

S
M

 a
n

d
 C

li
m

a
te

 C
h

a
n

g
e
 M

o
d

e
l 

1. Management commitment, responsibility and accountability to process safety √   √ √ √ √ √ √  √ √ √ √  √ √ √ 

2. Compliance with legal and industry standards √   √ √ √ √ √ √ √ √   √ √ √ √ √ 

3. Worker consultation √  √ √     √ √ √   √ √  √ √ 

4. Objectives, targets and safety programs    √ √ √ √ √      √   √ √ 

5. Employee, contractor and supplier selection and management √ √ √ √   √ √ √ √ √ √ √ √ √  √ √ 

6. Stakeholder involvement √   √   √ √    √ √ √  √ √ √ 

7. Process hazard analysis √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

8. Health evaluation and fitness for duty    √             √ √ 

9. Document and record control, and process knowledge management √  √ √ √ √ √ √ √ √ √ √ √ √  √ √ √ 

10. Operating manuals and procedures √ √ √ √  √ √ √ √ √ √ √ √ √ √ √ √ √ 
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Table 8.1. (continued) Screening and selection of elements from PSM systems in the oil and gas industry adapted from Theophilus et al. (2018) 
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11. Process safety information √ √ √ √  √ √ √ √ √ √ √ √  √ √ √ √ 

12. Standards and safe work practices √ √  √  √   √ √ √ √ √ √ √ √ √ √ 

13. Management of change √ √ √ √  √ √ √ √ √ √ √ √ √ √  √ √ 

14. Operational readiness and pre-startup reviews √ √ √ √  √ √ √ √ √ √ √ √ √ √  √ √ 

15. Emergency planning and response √ √ √ √ √ √ √ √ √ √ √ √ √  √ √ √ √ 

16. Management of harsh weather conditions and climate change                   √ 

17. Inspection and maintenance √   √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

18. Performance and quality assurance  √  √  √   √ √ √ √ √ √ √ √ √ √ 

19. Asset integrity and management of safety critical devices √ √ √ √  √ √ √ √ √ √ √ √ √ √ √ √ √ 

20. Operational control, permit to work and risk management √  √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

21. Communication amongst workers    √ √  √ √      √   √ √ 
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Table 8. 1. (continued) Screening and selection of elements from PSM systems in the oil and gas industry adapted from Theophilus et al. (2018) 
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22. Training, competency and performance  √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

23. Incident reporting  √   √   √ √ √ √ √   √  √ √ √ 

24. Benchmarking    √   √ √    √ √ √   √ √ 

25. Audits √ √ √ √ √ √ √ √ √  √   √ √ √ √ √ 

26. Incident investigation √ √ √ √  √ √ √ √ √ √ √ √ √ √ √ √ √ 

27. Management review and intervention for continuous improvement √   √ √ √ √ √ √ √ √ √ √ √   √ √ 

Subcategories of Element 16 (Management of harsh weather conditions and climate change) 

Personnel: - Training of staff on climate change adaptation strategies, staff preparedness and responses, as well as managing threats posed by harsh weather 

Procedures: - Flexibility of work shift patterns, easy-to-implement process safety methods, the application of process safety to drilling operations, integration of 

databases for process safety improvement, consequence analysis 

Facilities: - Resilience engineering and climate proofing of assets against natech events 

Safety Culture: - Integration of occupational safety and process safety 
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8.2 Taxonomy classification of PSM elements 

A taxonomy was created for the 27 PSM elements selected for this study. This taxonomy 

classified the selected PSM elements under five key areas: Process safety leadership, Process 

hazard identification and risk assessment, Risk management, Performance measurement, and 

Learning from measurement and experience. These key areas were adopted from other PSM 

systems that had similar taxonomies such as the AICHE/CCPS RBPS standard, the Energy 

Institute High-Level PSM framework and the IPSMS model (Theophilus et al. 2018). These 

five key areas were also mapped on to the Plan-Do-Check-Act (PDCA) cycle framework, 

which provided an implementation strategy for the integrated PSM and climate change model. 

The PDCA cycle framework was also adopted in developing the Health and Safety 

Management system by ILO and OSHA in 2001 (Sokovic, Pavletic and Pipan 2010). 

Subcategories were also assigned to each PSM element to provide further information on their 

various tasks, operations and activities. 

The “Plan” phase involves all factors that are to be considered before commencing any task or 

operation. Hence, the two key areas grouped under this phase were Process safety leadership, 

as well as Process hazard identification and risk assessment. Process safety leadership 

comprises various facets of PSM that concern top organisational management and employers. 

These include: Management commitment, Responsibility and accountability to process safety, 

Compliance with legal and industry standards, Worker consultation, Objectives, targets and 

safety programmes, Employees, contractor and supplier selection and management, as well as 

Stakeholder involvement. Process hazard identification and risk assessment is geared towards 

evaluating the effectiveness of the PSM elements in place and highlighting any loopholes 

present within the organisation vis-à-vis process safety management. Process hazard analysis, 

Health evaluation and fitness for duty, as well as Document and record control and process 

knowledge management were the three key elements assigned to this category. 

The “Do” phase is particularly streamlined to risk management elements which have been 

identified to prevent or mitigate process safety flaws within an organisation. These elements 

are highlighted in Table 8.2. 
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The “Check” phase involves the performance measurement of risk management controls that 

have been put in place to enhance process safety. Therefore, the elements that fall under this 

category include Incident reporting, Benchmarking, Audits and Incident investigation. 

The “Act” Phase, which is the final phase, tends to review any process safety flaws and learn 

from measurements that have been highlighted in the “Check” phase. Thus, the element 

assigned to this category was Management review and intervention for continuous 

improvement. The taxonomy for the Integrated Process Safety Management and Climate 

Change model is highlighted in Table 8.2. 
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Table 8. 2. Taxonomy classification of PSM elements adapted from Theophilus et al. (2018) 

 AREAS ELEMENTS SUBCATEGORIES  

PLAN Process Safety 

Leadership 

 

Management Commitment, Responsibility and Accountability 

to Process safety 

HSE and process safety policy and performance targets, process safety organising, maintain 

good process safety culture, resource provision 

Compliance with legal and industry standards Identify, understand and enforce regulations, update industry and legislative standards, verify 

compliance 

Worker Consultation Involve, empower and communicate with workforce to identify and manage process hazards 

Objectives, Targets and Safety Programs Specific, measurable, achievable, realistic and time-bound objectives, performance targets 

and action plans 

Employee, contractor and supplier selection and management Adequate screening and selection process, experienced and knowledgeable staff, assign roles 

and responsibilities, competency, training, compatible HSE and process safety requirements 

with organisation 

Stakeholder involvement Good working relationships and public reputation, publish process safety information, 

review of communication channels, understand and address stakeholder concerns 

Process Hazard 

Identification and 

Risk Assessment 

Process Hazard Analysis Well planned hazard identification process, identification and implementation of risk control 

measures, risk tolerance levels, risk assessments, implement and review risk control 

measures 

Health Evaluation and Fitness for Duty Routine health examination on workers, provision of health facilities, assessing physical, 

mental and physiological condition of workers before operations 

Document and record control, and process knowledge 

management 

Develop, maintain, make available, safeguard, review, retain and review documentation and 

records 

DO 

 

Risk Management Operating manuals and procedures Identify, understand, make available, verify accuracy, update and use guidelines and 

procedures offered by operating manuals according to legislation and industry standards 

Process Safety Information Regular and prompt communication of all information required to carry out a process 

Standards and safe work practices Identify, develop and constantly apply standards and safe working practices 

Management of Change Identify, assess and manage risks arising from changes in facility, personnel and procedures 

Operational readiness and pre-startup reviews Verify safe condition of plant and equipment, personnel preparedness before beginning any 

process 
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Table 8.2 (continued). Taxonomy classification of PSM elements adapted from Theophilus et al. (2018) 

 

 AREAS ELEMENTS SUBCATEGORIES  

DO Risk Management Emergency planning and response Protect public, employees, contractors, environment, equipment and plant by developing an 

emergency response plan 

Inspection and maintenance Inspect and maintain plant and equipment to reduce the likelihood of failure 

Performance and Quality Assurance Consistent testing of all hazardous chemicals produced from chemical plants 

Asset integrity and management of safety critical devices Identify, manage and ensure correct functioning of all safety critical devices like alarms, trip 

devices 

Operational control, permit to work and operational risk 

management 

Effective work control, adequate permit-to-work systems and sufficient arrangements made 

for operational risk management 

Communication amongst workers Provide communication channels for workers like radios, emergency lines, tracing devices 

Training, Competency and Performance Safety training programs, knowledgeable, able and experienced staff, employee motivation 

for operational excellence 

CHECK 

 

Performance 

Measurement 

Incident reporting  Report near misses, dangerous occurrences, accidents, identify and implement corrective 

actions 

Benchmarking Internal and external benchmarking to compare performance standards within and outside 

the sector of the organisation 

Audits Frequent internal and external audits of compliance with PSM expectations 

Incident investigation Carry out in-depth investigation and analysis on all reported near misses, dangerous 

occurrences and accidents 

ACT 

 

Learning from 

Measurement and 

Experience 

Management review and Intervention for Continuous 

Improvement 

Review all PSM elements and correct any identified problems, performance influencing 

factors, tolerance levels, non-compliances. 

 

 

 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 190 

8.3 Development of an Integrated PSM and Climate Change Model for 

the Oil and Gas Industry 

Table 8.3 highlights the implementation strategy adopted in the development of the integrated 

PSM and climate change model, which was structured according to risk-based, culture-based 

and external factors. 

The risk-based factors include those PSM elements that address process safety issues related 

to people, procedures and equipment. These three components make up the tenets of human 

causal factors of process accidents; hence, it is pivotal to incorporate them when developing a 

robust PSM system (Skalle, Aamodt and Laumann 2014). The risk-based PSM elements that 

address process safety risks related to people include Employee, contractor and supplier 

selection and management, Health evaluation and fitness for duty, Operational control, permit-

to-work and operational risk management, as well as Management of personnel change. There 

are also factors particular to operating procedures such as Process hazard analysis, Document 

and record control and process knowledge management, Operating manuals and procedures, 

Process safety information, Standards and safe work practices, Management of technology 

change, as well as Performance and quality assurance. These factors could enhance the process 

safety of oil and gas facilities: Management of facility and equipment change, Asset integrity 

and management of safety critical devices, as well as Operational readiness and pre-startup 

reviews. 

The culture-based factors looked at elements which addressed management culture and 

employee culture. The safety culture of an organisation is suggested to be a collective effort of 

both management and staff (Lutchman et al. 2013). Therefore, every robust PSM system needs 

to critically examine safety culture from both viewpoints to adequately cater for risks 

emanating from top management or workers. Several PSM elements were identified under 

management culture including management commitment, responsibility and accountability to 

process safety; worker consultation; objectives, targets and safety programmes; stakeholder 

involvement; training, competency and performance; emergency planning and response; 

benchmarking; incident investigation; inspection and maintenance; as well as management 

review and intervention for continuous improvement. Factors that could improve employee 

culture include Communication amongst workers; Incident reporting and Compliance with 

legal and industry standards. 
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External factors were also included as part of the PSM’s development because it is vital to 

consider risks from three perspectives: those arising from individuals (culture-based), those 

within the organisation (risk-based) and those external to the organisation (external factors). 

One major reason for this is that external factors cannot be directly influenced by an 

organisation; however, the impacts of these factors can be managed if organisations put 

adequate measures into place such as the climate proofing of assets and resilience engineering. 

These external factors include External Audits, Regulatory enforcement, Enactment of 

legislations and industry guidelines, as well as Management of harsh weather conditions and 

climate change. 

Figure 8.1 illustrates the three-dimensional integrated PSM and climate change model for the 

oil and gas industry. Climate change is classified as one of the external factors which is beyond 

the control of an organisation. However, the impacts of climate change on each of the PSM 

elements in the model is clearly illustrated. For example, climate change can negatively 

influence these risk-based factors: personnel, facility and procedures. The interview 

participants in chapter 7 highlighted that personnel working in oil and gas facilities can be 

overwhelmed due to extreme temperatures, flooding, high storm surges and rainfall; hence 

jeopardising their own health and safety. The integrity of assets, facilities and equipment can 

also be at risk due to corrosion, deterioration, flooding and hurricane damage, as illustrated in 

the case studies in chapter 5. Also, organisational procedures may be affected as extreme 

temperatures could alter shift patterns on rigs, while storm surges and rainfall could also halt 

offshore helicopter and freight transport operations as suggested by some interview participants 

in chapter 7. Due to the huge costs associated with mitigating impacts of adverse weather 

events on oil and gas operations, employer safety culture might be negatively influenced as 

management might be tempted to cut costs. The safety culture of employees could also be at 

risk due to the low morale of staff working under unfavourable conditions such as extreme 

temperatures, flooded environment and storm surges. Thus, the illustration of the Integrated 

PSM and climate change model in Figure 8.1 reiterates the importance of considering the 

impacts of climate change on oil and gas operations, most notably on process safety.
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Table 8. 3. Implementation strategies for an Integrated PSM and Climate Change Model adapted from Theophilus et al. (2018) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Process safety implementation 

strategies  

Categories  Subcategories 

  Risk-based People/Personnel/Operator Employee, contractor and supplier selection and management 

Health evaluation and fitness for duty 

Operational control, permit-to-work and operational risk management 

Management of personnel change 

Procedures/Technology/Process Process hazard analysis 

Document and record control, and process knowledge management 

Operating manuals and procedures 

Process safety information 

Standards and safe work practices 

Management of technology change 

Performance and quality assurance 

Facility/Equipment/Plant Management of facility and equipment change 

 Asset integrity and management of safety critical devices 

Operational readiness and pre-startup reviews 

Culture-based Management culture Management commitment, responsibility and accountability to process safety 

Worker Consultation 

Objectives, Targets and Safety Programs 

Stakeholder involvement 

Training, Competency and Performance 

Emergency planning and response 

Benchmarking 

Incident investigation 

Inspection and maintenance 

Management review and Intervention for Continuous Improvement 

 

 

 

 

 

 

 

 

Employee culture Communication amongst workers 

Incident reporting  

Compliance with legal and industry standards 

External factors Audits 

Regulatory framework 

Climatic conditions 

External Audits 

Regulatory enforcement, enactment of legislations and industry guidelines 

Management of harsh weather conditions and climate change 
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Figure 8. 1. The Integrated PSM and Climate Change Model
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8.4 Summary 

This section explained in detail how the integrated process safety management and climate 

change model for this study was developed. After screening elements within the 18 PSM 

systems applicable in the oil and gas industry, 27 PSM elements were selected to be used for 

the development of an integrated PSM and climate change model for the oil and gas industry. 

After selecting the relevant PSM elements for the study, a taxonomy was created to categorise 

the elements by mapping them under key areas and creating subcategories for each element. 

This taxonomy grouped the PSM elements into key areas and subcategories while matching 

them to the Plan-Do-Check-Act (PDCA) cycle. Next, the PSM system was then developed by 

creating a framework to group these elements under risk-based factors such as people, 

procedures and equipment. Also, this framework was further subdivided to account for culture-

based factors that affect PSM such as management and employee culture, as well as external 

factors such as audits, regulations and climatic conditions. The integrated PSM and climate 

change model was designed to have management and employee culture at the centre of its 

implementation strategy, while people, procedures and equipment encapsulated management 

and employee culture. The outermost part of the integrated PSM and climate change model 

comprised external factors including audits, regulatory frameworks and climatic conditions, 

which covered both risk-based and culture-based factors of process safety. Hence, the 

integrated PSM and climate change model is considered to be robust enough to account for all 

levels of process safety; including factors that emanate from the individual, within the 

organisation or from external factors. 

 

 

 

 

 

 

 

 

 

 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 195 

Chapter Nine 

Discussion 

9.0 Introduction 

This chapter discusses the overall findings from the quantitative, qualitative and archive data 

analysis of the study. The main aim of this study was to develop an integrated process safety 

management and climate change model for the oil and gas industry. Firstly, the chapter 

discusses the findings obtained from the analysis of process accident trends in the oil and gas 

industry. Next, it focuses on the quantitative and qualitative findings on impacts of climate 

change on oil and gas operations. Furthermore, case studies of impacts of climate change on 

oil and gas operations are critically examined. It also looks at the development of the integrated 

PSM and climate change model, which was developed using findings from this study and other 

preliminary studies. The findings of the study are then validated using the formal process of 

member checking. Also, the contributions of the study to the body of knowledge are explained 

in detail, alongside its implications for research and practice. The limitations of the study are 

discussed, with possible future directions for further research to be carried out. 

The study provided a novel and methodical assessment of the impacts of climate change on oil 

and gas operations. It also provided a justification as to why the oil and gas industry needs to 

integrate impacts of climate change into their PSM systems. To better understand the study 

themes, the study reviewed relevant literature to identify significant issues regarding PSM 

systems, then developed a scale to statistically determine impacts of climate change on oil and 

gas operations. Case study data were obtained from climate databases to determine the impacts 

of adverse climatic conditions on oil and gas workers, operations and facilities. An integrated 

PSM and climate change model was then developed to adequately integrate impacts of climate 

change on oil and gas operations into its theoretical framework and implementation strategy. 

9.1 Research findings 

A common assumption in the study’s literature is that the term “climate change” is fiercely 

debated on several fronts as to whether it exists or not. Another obvious finding from the 

study’s literature is that there is underlying uncertainty as to whether oil and gas operations are 

affected by the impacts of climate change, although, most literature tends to argue that there 
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are numerous impacts of climate change on oil and gas operations (Matek 2017, Cruz 2010, 

Cruz and Krausmann 2013, Zamuda et al. 2013, Kaiser and Yu 2010). Theophilus et al. (2018) 

asserted that integrated PSM systems can be pivotal in enhancing the safety and reliability of 

oil and gas operations. But the quantitative, qualitative and archive findings revealed a number 

of flaws in current PSM systems. Most important is the fact that the impacts of climate change 

play a vital role in causing process accidents which hugely affect oil and gas operations, 

workers and facilities; but there are no PSM systems that consider this as part of their 

frameworks. 

9.1.1 Analysis of process accident trends in the oil and gas industry 

The first objective of the study was to analyse trends of process accidents in the oil and gas 

industry. This was in order to better understand the rate of accident occurrence, causes, industry 

sector, location and accident categories. The trend of fatal accidents in the oil and gas industry 

was analysed from 2013 to 2017. Results showed that accidents reduced from 2013 which had 

the highest number of accidents, to 2016 which had the least number of accidents. Vuorio, 

Stoop and Johnson (2017) suggested that the reduction in accidents over the years could 

possibly be due to mitigation measures that had been put in place. However, Reiman et al. 

(2015) argued that accidents are stochastic in nature and their period of occurrence cannot be 

accurately predicted. This claim is buttressed by the study’s findings which revealed that 2017 

had recorded one more accident than 2016. 

Although the study’s findings also highlighted that 2013 recorded the highest number of 

fatalities while 2017 recorded the least, again, this could be attributed to the subsequent 

implementation of formidable accident prevention measures by oil and gas company managers. 

After analysing the fatal accident rate (FAR) (fatalities per accident), 2013, which recorded the 

highest number of accidents and fatalities also had the highest FAR. IOGP (2017) 

recommended that the FAR is a better yardstick for measuring fatal accident trends as opposed 

to using just the number of accidents or fatalities, as the FAR provides better information on 

the safety performance metrics of an organisation. Also, the linear trend line analysis has shown 

a steady decrease in the number of oil and gas accidents over the years. However, Kirchsteiger 

(1999) argued that the trend line may not be an accurate prediction tool for future accidents. 

Ideally, the trend line should be more accurate as it tends from 0 to 1, but from the study 

findings, the low R2 value of 0.1146 denotes a low accuracy of the linear trend line; hence 

buttressing Kirchsteiger's claim (1999). Also, from the assertions of Reiman et al. (2015), due 
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to the stochastic and unpredictable nature of accidents, it would be difficult to ascertain if oil 

and gas accidents could increase or reduce in the future, especially depending on the level of 

mitigation measures put in place. 

The geographical regions involved in oil and gas operations were also analysed to ascertain the 

region with most accident occurrences. Asia recorded the highest number of accidents among 

all regions and this could be due to the fact that five Asian countries including UAE, Kuwait, 

Iraq, Iran and Saudi Arabia are in the top 10 of the world’s largest oil producers and oil 

reserves. This implies that there are a lot of oil and gas operations being conducted in this 

region; hence, it is prone to a higher number of accidents (Griffiths 2017). However, Oil and 

Gas UK (2017) argued that the number of oil and gas operations in a region may not always be 

directly proportional to the number of accidents; especially if there are high levels of safety 

standards implemented across the oil and gas facilities in that region. 

The oil and gas industry utilises both company and contract staff for their operational activities, 

hence accidents were also analysed based on the types of workers involved. From the study’s 

findings, contractors were more involved in accidents than company staff. Berends (2007) 

attributed this to the fact that contractors performed most of the specialised and high-risk 

operations in the oil and gas industry. However, Fuller and Vassie (2001) maintained that 

contractors were more experienced in executing oil and gas operations and therefore should be 

less prone to accidents. Nonetheless, apart from experience, competence in health and safety 

covers four key areas which are knowledge, ability, training and experience so the fact that 

they are experienced does not guarantee the safety of operations. This could form a basis as to 

why oil and gas companies should ensure that their contractors have good safety records and 

are competent enough to perform the tasks assigned to them (Chang, Chen and Wu 2012). 

Oil and gas operations are carried out in two major locations: onshore and offshore (Ismail et 

al. 2014). Zardasti et al. (2017) opined that accidents in the oil and gas industry occur more in 

onshore than offshore regions. Similarly, the study’s findings revealed that onshore regions 

recorded significantly more accidents than offshore locations. However, Skalle, Aamodt, and 

Laumann (2014) argued that the nature of accidents and number of fatalities in offshore regions 

were more severe due to their higher risk profiles and uncontrolled environments. Furthermore, 

Goh, Tan and Lai (2015) asserted that the number of onshore or offshore accidents was hugely 

dependent on the number of petroleum facilities and operations within a given region. 
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Accidents were also analysed according to categories and nature of operations. In this study, 

the most predominant accident category was “struck by”, where workers were hit by stationary 

or moving equipment. Also, many accidents involving burns or explosions and workers caught 

in, under or between equipment were observed. Theophilus et al. (2017) suggested poor 

situational judgement and a lack of communication as possible reasons for workers being hit 

by equipment. However, Al Kazimi (2015) avowed that some accidents were just unavoidable 

and could be triggered by other factors such as ‘Acts of God’. Lee et al. (2016) suggested that 

accidents involving burns and explosions were usually caused by poor PSM system 

implementation in oil and gas facilities. Although, PSM systems may be properly implemented, 

they could still be ineffective if they are not robust enough to comprehensively address all 

aspects of process safety (Theophilus et al. 2018). Ismail et al. (2014) suggested drilling 

operations are the most complex and risky oil and gas activities. The results of this study tend 

to agree with this claim as accidents have occurred more in drilling activities than other 

operations such as transportation, maintenance, construction and decommissioning activities. 

However, it should be noted that accidents in the oil and gas industry do not only occur from 

high-risk operations (Azadeh et al. 2014). Often times, robust accident prevention measures 

are put in place for high-risk operations; while low-risk operations are frequently ignored, 

leading to accident causation (Zhou, Zhe-Hua and Sun 2013). 

9.1.1.1 Analysis of human causal factors of oil and gas accidents using the HFACS-OGI 

framework 

The HFACS-OGI framework developed by Theophilus et al. (2017) was used to analyse 184 

accidents cases collected from the IOGP database. Results showed that contractor environment 

was the predominant causal factor of oil and gas accidents from 2013 to 2017. Berends (2007) 

suggested that this was probably because most operations in the oil and gas industry were 

carried out by contractors due to the hazardous nature of the industry and level of specialisation 

required. Flaws within the organisational processes and technological environments also 

played major roles in accident causation. Human factors of accident causation are dependent 

on the inter-relationship between personnel (contractor environment), process (organisational 

process) and equipment (technological environment) (Theophilus et al. 2017b); thus, this 

explains the reason why these three factors were highly predominant in this study. Also, crew 

resource management and a poor organisational climate and process safety culture were 

identified as causal factors in several accident cases; which is in line with Fuller and Vassie's 
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(2001) assertion that safety culture is paramount for enhancing operational discipline in an 

organisation. Refresher trainings and routine drills are pivotal in avoiding skill-based errors 

and a lack of personal readiness in workers (Norazahar et al. 2014b). This is evident from the 

study’s findings, as these causal factors triggered over half of the accidents that occurred during 

this period. 

There were a good number of accidents caused by routine violations and inadequate 

supervision, while some were caused by physical/mental limitations of workers. Saleh et al. 

(2014) highlighted supervisory failings as a main reason for the BP Texas City refinery fire in 

2005. There were also evident flaws in the physical environment, as well as the failure of 

management to correct known problems. Ismail et al. (2014) opined that due to the high-risk 

profile of the oil and gas industry, it was pertinent to address risks as soon as they were 

identified during hazard analysis and risk assessment. There were a number of times that 

supervisory violations and planned inappropriate operations were culpable for accident 

causation. Crichton (2005) argued that drilling teams in the upstream oil and gas sector were 

exposed to accidents due to poor attitudes to teamwork and leadership. Perceptual errors, a 

poor national regulatory framework and international regulatory standards were also identified 

in some accidents. Singh et al. (2010) asserted that regulatory deficiencies within the Minerals 

Management Service (MMS) led to the BP Deepwater Horizon blowout in 2010 that killed 11 

people. In certain situations, decision errors and poor resource management were the reasons 

behind the occurrence of accidents. Cost-cutting measures by management were identified as 

one of the factors that exacerbated the Piper Alpha disaster in 1988 (Hull, Alexander and Klein 

2002). Adverse mental and physiological states were also observed to be evident in few 

accidents, alongside problems with management of change. Aas (2008) reiterated that workers 

used for any task or operation should be competent enough with sufficient knowledge, ability, 

training and experience. Acts of sabotage was the least causal factor of accidents identified in 

the study; with Okoroji (2013) suggesting that this was predominantly a menace in security-

affected regions such as the Niger Delta region of Nigeria. 

9.1.2 Quantitative findings on impacts of climate change on oil and gas operations 

The quantitative section of the study involved the use of questionnaire data from oil and gas 

professionals. These data were used to assess the impacts of climate change on oil and gas 

operations, which was the second objective of this study. Most of the study’s participants were 

engineers, with IOGP (2016) suggesting that most of the roles in the oil and gas industry are 
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executed by engineers. However, other participants comprised ROV pilots, HSSE personnel, 

production operators, administrative personnel and geologists. Hence, this study utilised 

reliable data from specialised professionals in the oil and gas industry. The level of education 

in the oil and gas industry has also been a major debate, as most of the workers in the oil field 

usually have a Diploma/Certificate qualification or lower (Edino, Nsofor and Bombom 2010). 

However, this study utilised the diverse opinions of participants with a Diploma, Bachelor’s 

degree, Master’s degree and Doctorate degree to ensure they had expert knowledge on issues 

related to impacts of climate change on oil and gas operations. Most of the study’s participants 

had a wealth of industry experience spanning over 10 years, with Arewa et al. (2018) 

recommending the use of experienced professionals to enhance the reliability of study findings. 

There are several oil and gas companies in various regions of the world, but they could not all 

be approached to partake in the study. Therefore, to reduce geographical bias and enhance the 

study’s reliability, participants were selected from four major regions: Nigeria, Aberdeen, 

Saudi Arabia and Kuwait. Most of the study’s participants were active in the upstream sector. 

Chaiyapa, Esteban, and Kameyama (2016) suggested that the upstream sector is home to most 

of the high-risk oil and gas activities and is exposed to more environmental and climatic 

hazards; thus, making it a good fit for the study objectives. Also, most participants operated in 

both onshore and offshore regions which helped in giving a balanced perspective of opinions 

when analysing the questionnaire responses. 

The reliability analysis for the study was 0.792; which according to Cronbach and Shavelson 

(2004), denotes an acceptable internal reliability of the study data. Descriptive statistics showed 

that most of the study’s participants definitely agreed with the study’s theme, with a mean score 

of 86% inferring that climate change significantly affected oil and gas operations. However, 

there are still fierce debates about the concept of climate change, whether it exists and even if 

it does, if its impact on oil and gas operations will be significant (Dole, Hoerling and Schubert 

2008). But as suggested by Cruz and Krausmann (2013), the impacts of climate change in the 

oil and gas industry extend to operations, people and facilities. It was also suggested that the 

locations of oil and gas facilities could make them more vulnerable to climate change (Cruz 

2010). 74% of study’s participants mostly agreed with this claim and Pearson’s correlation 

results also suggested that geographical location influenced the disruption of oil and gas 

operations. However, Udie, Bhattacharyya and Ozawa-Meida (2018) argued that oil and gas 
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facilities were designed differently according to their location and may not be necessarily 

affected by climate change solely based on this. 

It is often believed that the vulnerability of oil and gas facilities to harsh climatic conditions 

influences the cost of oil and gas operations. While 80% of the study’s participants tended to 

agree with this, IIGCC, CERES, and IGCC (2017) claimed that oil and gas operations were 

poised to increase their costs due to other factors apart from climate change such as advancing 

technologies, inaccessible oil reserves and fluctuations in oil prices, etc. 80% of the study’s 

participants believed that climate change has had severe impacts on operators working in oil 

and gas facilities. This is buttressed by the study of Robine et al. (2008), where a heat wave in 

the summer of 2003 killed over 70,000 people across Europe. However, Pearson’s correlation 

analysis suggested that an increase in the mean global temperature from 1967 to 2019 was 

recorded alongside a steady decline in oil and gas fatalities. According to Adam-Poupart et al. 

(2013), a possible reason for this steady decline in fatalities in recent times could be because 

oil and gas workers are now provided with adequate training, suitable personal protective 

equipment and more flexible work routines to better cope with harsh climatic conditions. There 

are however huge concerns that the oil and gas industry has not done enough to mitigate the 

impacts of climate change on their operations (Holsberg 2013). Puig, Haselip and Naswa 

(2015) suggested that a lot of adaptation measures had been put in place to manage the impacts 

of climate change in the Colombian oil and gas industry. However, the study’s findings show 

that only 46% of the study’s participants believed that the oil and gas industry has done enough 

to mitigate the impacts of climate change on their operations. 

Most of the study’s participants believed that in the last five years, climate change had 

disrupted operations in oil and gas facilities. Pearson’s correlation results showed that 

temperature variation, flooding and CO2-induced corrosion had significantly influenced the 

disruption of oil and gas operations. Variations in climate temperature has been highlighted as 

a major factor in pipeline corrosion and asset deterioration (Yuan et al. 2018). While 68% of 

participants were in agreement with this claim, Othman (2015) has argued that other factors 

such as the nature of operations and poor maintenance could also play active roles in asset 

deterioration. Similarly, in this study, 62% of the study’s participants also believed that the 

nature of oil and gas operations could lead to an invariably rapid deterioration of assets and 

facilities. 80% of the study’s participants definitely agreed that flooding affected oil and gas 

operations in both onshore and offshore regions. Also, the RII analysis of the participants’ 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 202 

responses revealed that climatic factors which predominantly affected oil and gas operations 

in order of hierarchy were flooding, extreme rainfall, rising sea levels, adverse weather 

conditions, storms, high temperatures, poor visibility and corrosion. This is supported by the 

study of Dart, Carroll and Lartey (2017), where a flooded Texas chemical plant led to series of 

explosions. However, it is debatable that flooding is a phenomenon that is witnessed more in 

onshore than offshore regions (Cruz 2010). Corrosion, rust and pitting in oil and gas 

infrastructure have also been attributed to an increase in atmospheric CO2 concentration 

(Okonkwo, Ahmed and Mohammed 2015). 78% of the study’s participants also believed this 

claim; however, Bentrah et al. (2017) asserted that H2S and high temperatures could also cause 

corrosion in steel pipelines. Pearson’s correlation results also revealed a strong correlation of 

climate change affecting oil and gas operations with temperature variations, flooding and an 

increased atmospheric CO2 concentration. 

There has been an increase in maintenance activities in recent years as suggested by 76% of 

the study’s participants. This is also the perception of Vinnem, Haugen, and Okoh (2016) who 

attributed major accidents to the inadequate maintenance of petroleum process plants systems. 

Sarshar, Haugen, and Skjerve (2015) opined that planned preventive maintenance was an 

essential factor that could enhance process safety when planning offshore operations. In 

Matek's (2017) study, several oil and gas pipeline accidents were attributed to climate change 

intensified hurricanes. Similarly, 72% of the study’s participants agreed that climate change 

exerted a severe impact on the integrity and reliability of oil and gas operations. Nonetheless, 

Lauder (2012) argued that a poor maintenance culture and human causal factors could play 

pivotal roles in affecting asset integrity and reliability. Also, 72% of the study’s participants 

suggested that asset deterioration led to high levels of accidents in the oil and gas industry. A 

study by Zardasti et al. (2017) revealed that asset deterioration was a major factor that led to 

an onshore oil pipeline explosion event, although Argenti et al. (2015) stressed that process 

facilities were also vulnerable to terrorist attacks and that these accidents could sometimes be 

wrongly attributed to asset deterioration. Pearson’s correlation results also associated increased 

maintenance in recent years to increased costs in oil and gas operations due to the vulnerability 

of oil and gas facilities to harsh weather conditions. There was also a strong correlation of 

workers being affected by climate change with a reduction in asset integrity and reliability. 

There has been a huge debate that PSM systems do not consider contemporary concepts such 

as climate change in their implementation (Udie, Bhattacharyya and Ozawa-Meida 2018). 
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However, findings have revealed that only 44% of the study’s participants agreed with this 

claim; hence suggesting that there is some level of adequate PSM implementation across oil 

and gas facilities. Nonetheless, it is evident that most participants agreed that the menace of 

climate change on oil and gas facilities is a major problem that needs to be addressed. 

9.1.3 Qualitative findings on impacts of climate change on oil and gas operations 

The qualitative section of the study adopted semi-structured interviews as the primary means 

of data collection to analyse the second objective of this study; to assess the impact of climate 

change on oil and gas operations. A total of 7 interviewees were selected using simple random 

sampling, comprising managers and supervisors from the upstream sector, depot managers 

from the midstream sector, as well as managers and plant operators from the downstream 

sector. Onwuegbuzie and Leech (2007) opined that employing the use of interviewees based 

on their level of industry affiliation is pivotal in ensuring validity in research findings. Similar 

to the quantitative section, most of the study’s participants were operationally active in the 

upstream sector. Chaiyapa, Esteban and Kameyama (2016) suggested that the upstream sector 

is home to most of the high-risk oil and gas activities and is exposed to more environmental 

and climatic hazards; thus, making it a good fit for the study’s objectives. Content analysis was 

used as the main analytical tool for analysing the interview responses due to its usefulness in 

identifying keywords, paragraphs or themes (Elo and Kyngäs 2008). The validity of the study 

was ensured throughout the stages of the interview design, data arrangement and interpretation 

of the interview responses. Saunders, Lewis, and Thornhill (2009) suggested that research 

findings should be able to be replicated in other settings and therefore, external validity should 

be ensured. Hence, external validity was ensured by involving practitioners in the real-world 

of oil and gas operations who offered their opinions on the research questions and objectives. 

In the last two decades, climate change has emerged as one of the most controversial topics 

that has been argued on several fronts (Hulme 2009). Indeed, this is evident from the qualitative 

findings of the study. Most interviewees believed that climate change existed and has become 

increasingly more evident in the past decade. Field et al. (2012) argued that the facts and figures 

tended to reiterate the continuous occurrence and proliferation of climate change, as well as its 

increasing impacts in different industrial sectors. However, one participant argued that climate 

change was a hoax made up for political reasons and was not due to environmental concerns. 

Similarly, Cook et al. (2016) argued that the idea of global warming and the negative impact 

of human-driven activity on the global weather is still being fiercely debated. 
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Interviewees also suggested that climate change affected their oil and gas operations in various 

ways such as the corrosion of assets, the disruption of logistics and transport operations, the 

postponement of routine operations, the interruption of offshore helicopter transportation and 

decreased production and profitability. Girgin and Krausmann (2014) suggested that  oil and 

gas infrastructure could be increasingly vulnerable to landslides, flooding, storm surges, 

lightning, winds and extreme temperatures, with these events poised to increase alongside 

rising global temperatures. Puig et al. (2015) also asserted that climate change could also affect 

transportation through pipelines and road transport, as well as production and refining sites. 

Similarly, Baker et al. (2011) claimed that offshore operations were likely to be disrupted or 

completely halted by gales (high wind speeds). Indeed, most pipeline failures in ocean 

environments are primarily triggered by corrosion, especially where various factors such as 

stress/strain, salinity, dissolved oxygen (DO) and temperature are all conditions that enhance 

pipeline corrosion (Benamor et al. 2018). However, Bolaños, Costa, and Nehren (2016) argued 

that most existing infrastructure had failed to factor in climate change into their design, as they 

were designed and built several decades ago when there was little understanding about climate 

change. 

One of the interviewees from the downstream oil and gas sector agreed that oil companies were 

not experienced and committed enough in combating climate change. Nonetheless, several 

interviewees held opposing views that there had been huge strides made in designing facilities 

to withstand the impacts of climate change. A Production and Well Engineer from the upstream 

sector suggested that companies such as Shell, BP and Chevron had departments that carried 

out research on how to reduce the impacts of climate change on their operations. BP (2018) 

has succeeded in reducing venting and flaring operations, as well as incorporating carbon costs 

into their investment assessments. Similarly, ExxonMobil decreased their overall emissions by 

40% over the last decade through the commencement of clean fuel projects and sulphur-

reducing facilities (Smith 2013). Shell has also embarked on sustainable energy across areas 

such as natural gas, energy efficiency, carbon capture and storage and biofuels (Keystone 

Energy Tools 2015). Also, a Safety and Reliability Engineer in the upstream sector suggested 

that recently, offshore platform legs were now being protected by cathodes and paints to add 

protective layers and prevent corrosion. Similarly, Yuan et al. (2018) argued that high strength 

steels such as X-80 steel were now being employed in marine environments to enhance 

operational integrity. A Mechanical Engineer however opined that protective measures put in 
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place were dependent on the country of operation; citing Canada as an example where offshore 

flow lines were designed to detach safely upon impact with an iceberg, to be reconnected at a 

later time. Udie et al. (2018) suggested that impacts of climate change were more likely to be 

evident in oil and gas infrastructure in low-lying coastal regions exposed to extreme weather 

conditions (e.g. pipelines). However, one of the interviewees also reiterated that most climatic 

conditions cannot be adequately prepared for and prevented, especially when they are beyond 

the safety measures put in place. Yet, this does not rule out the fact that there is an urgent need 

for the oil and gas industry to collaborate with governments and researchers to come up with 

detailed plans to curb the menace of climate change through prevention, mitigation and 

adaptation (Dole, Hoerling and Schubert 2008). 

One of the interviewees from the upstream sector also suggested that climatic factors such as 

bad weather and sea states could hinder maintenance activities from taking place. According 

to Cruz (2010), Hurricane Rita and Katrina affected over 2,000 to 3,000 platforms, with over 

46% still shut down since February 2006. Another interviewee from the downstream sector 

highlighted the impact of harsh weather on logistics operations which could delay the 

transportation of spare parts meant for maintenance, thereby leading to equipment damage in 

most cases. Similarly, Cruz (2010) opined that the transportation of petroleum products through 

pipelines could pose huge risks if these pipelines were exposed to harsh climatic conditions 

that could lead to their deterioration and rupture. A Facility Engineer in the midstream sector 

also suggested that activities such as rope access jobs, welding and testing operations cannot 

be carried out under high wind speeds and intense rainfall. Similarly, Baker et al. (2011) 

claimed that offshore operations are likely to be disrupted or completely halted by gales (high 

wind speeds). A Safety and Reliability Engineer also argued that in order to avert any 

unforeseen delays that may be caused by adverse climatic conditions, adequate logistics and 

all necessary equipment spare parts should be in place long before maintenance activities are 

to be carried out. Also, Puig et al. (2015) asserted that human factors played a major role 

through staff preparedness and responses, such as monitoring early warning signals and 

training on managing any consequences of a threat. 

There were suggestions from some interviewees that maintenance activities had increased 

drastically in recent years to avoid safety-related issues or breakdowns which would affect 

production. Moan (2005) suggested that in recent times, there had been an increase in 

reliability-based management of inspection, maintenance and repair in offshore structures. 
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However, a Process Engineer suggested that harsh climatic conditions could also adversely 

hinder the frequency of maintenance activities. A Safety and Reliability Engineer however 

opined that maintenance activities had largely been reduced over time due to lots of factors, 

most significantly inadequate funding by top management. Similarly, Okoh and Haugen (2014) 

attributed over 40% of process accidents in recent times to inadequate maintenance. A 

Mechanical Engineer also suggested that sea state and harsh weather conditions had increased 

the overall cost of maintenance due to the need to maintain equipment more frequently with 

expensive alternatives. According to Cruz (2010), more intense rainfall could increase the costs 

of production and maintenance due to the rapid deterioration of assets. 

The impact of age on asset reliability was also suggested by the interviewees to be a cause of 

process safety failures. Lindner et al. (2010) suggested that oil and gas infrastructure could 

become more vulnerable to massive damage in the coming years depending on exposure levels, 

sensitivity, interdependency, age and location. There is a huge debate that most existing 

infrastructure fails to factor in climate change in their design, as they were designed and built 

several decades ago when there was little understanding about climate change (Bolaños, Costa 

and Nehren 2016). However, a Mechanical Engineer in this study suggested that in most cases, 

when most companies installed these assets, they had considered their lifespan during the 

operational process. One of the interviewees from the upstream sector suggested that subsea 

pipes were not necessarily as impacted as surface pipelines due to their extra protection against 

rust and the fact that they were buried deep in water and not exposed to air. Most oil and gas 

facilities are located in low-lying coastal areas (e.g. major installations in the Niger Delta; 

Rotterdam Refinery; Jurong Island Refinery, Singapore; Jamnagar, India and Ras Tanura, 

Saudi Arabia) (Cruz 2010). Indeed, most pipeline failures in ocean environments are primarily 

triggered by corrosion, especially where various factors such as stress/strain, salinity, dissolved 

oxygen (DO) and temperature are all conditions that enhance pipeline corrosion (Benamor et 

al. 2018). Yet, a participant from the downstream sector argued that obsolete equipment due to 

cost-cutting by management remains one of the major reasons for equipment being unable to 

withstand the impacts of climate change. Knegtering and Pasman (2009) asserted that there 

have been increasing rates of process safety threats in the oil and gas industry due to various 

factors such as downsizing and cost-cutting. 

The health of workers was also a major concern highlighted by several participants, who 

stressed that workers allergic to severe cold conditions could be at risk and those who are 
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hypertensive could be affected during emergency situations that require a rapid response. Chen, 

Yu and Wong (2005) similarly suggested in their study that musculoskeletal disorders had been 

recorded in Chinese offshore installation workers due to psychosocial factors and occupational 

stress. However, Kyrkjebo̸, Liljebäck and Transeth (2009) proposed that there could be a 

robotic concept that could aid remote inspections and maintenance activities on oil platforms. 

A case study was also cited by a Mechanical Engineer in the upstream sector when workers 

were sea-sick and nauseous due to sea turbulence on the floating vessel. The morale of staff is 

also believed to be affected, as a Process Engineer suggested that any staff who were unsure of 

the safety measures in place would not want to be actively involved in carrying out risky 

operations. Adam-Poupart et al. (2013) suggested that severe weather conditions could have a 

serious impact on the health of workers who were constantly exposed to these conditions, hence 

causing a decline in performance and productivity. One of the interviewees also cited several 

factors that could lead to the deaths of workers such as flooding, hurricanes, storm surges etc. 

in both onshore and offshore regions. Landucci et al. (2017) suggested that upstream activities 

were more likely to be affected by harsh offshore conditions such as rising sea levels, severe 

weather events and increased temperatures, which could in turn affect workers, equipment and 

the job processes. Another case study was cited by an interviewee where high wind speeds of 

over 30 knots confined the workers to an offshore environment for several days. Similarly, 

IIGCC et al. (2017) asserted that midstream activities such as transporting staff to offshore 

locations by helicopters could also be negatively impacted by factors such as excessive rainfall 

and storms. 

Most interviewees suggested that climate change was an important factor that should be 

included in PSM systems. Likewise, Panteli and Mancarella (2015) suggested that the critical 

impacts that climate change poses to oil and gas operations had not been duly considered. A 

Process Engineer also stressed the need for oil and gas companies to adequately address climate 

change to enhance the safety of their staff, operations, equipment and environment. However, 

a few participants did not believe that climate change was a major factor in process safety, 

because process safety focused on preventing the loss of containment; thereby suggesting that 

process safety management deviated from the topic of climate change. Girgin and Krausmann 

(2014) showed that from 1986 to 2012, 6.2% of 3,800 significant incidents were triggered by 

natural hazards leading to release of 317,700 barrels of hazardous substances. The cost of all 

these incidents was estimated at $597 million, with over 50% of the incurred damages caused 
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by tropical cyclones. Furthermore, a report by the World Offshore Accident Database (WOAD) 

revealed that 25% of equipment-related accidents from 1970 to 2009 was caused by weather 

events. These events are all evidence to the fact that climate change does affect process safety. 

Therefore, the assertion made by some interviewees that climate change was not an important 

factor in PSM systems lacks validity and objective truth. 

9.1.4 Case study analysis of the impacts of climate change on oil and gas operations 

Case studies were also used in the study to buttress the findings obtained from the quantitative 

and qualitative data analysis. This helped in validating the second objective of the study, to 

assess the impact of climate change on oil and gas operations. NOAA (2019) asserted that the 

average cost of damages from adverse weather conditions in the U.S. since 1980 has totalled 

$1.6 trillion. After analysing 52 case studies of climatic events and their impacts on the oil and 

gas industry, there were significant losses that affected personnel, finances, infrastructure and 

production, although the climatic events analysed using case studies were streamlined to 

hurricanes, flooding and wildfires due to the limited number of reliable and robust climate 

databases. 

Hurricane events were discovered to be the most expensive and devastating climatic event in 

the oil and gas industry with an average of $68.68 billion damage costs and 1,092 fatalities per 

event. However, the most significant events were Hurricanes Katrina and Rita which led to 

1,500 fatalities, $200 billion damage costs, the destruction of over 3,000 oil platforms and the 

spillage of over 8 million gallons of crude oil. Matek (2017) avowed that from 1985 to 2012, 

hurricane incidents had led to over 173 incidents in the oil and gas industry which cost a total 

of over $418 million; with $288 million in onshore locations and $130 million offshore. Cruz 

(2010) stressed that hurricanes are very destructive and are accompanied by lightning, flooding, 

storm surges, heavy rains, tornadoes and high wind speeds; which could all affect oil and gas 

facilities. However, Dole, Hoerling and Schubert (2008) argued that while it may be difficult 

to establish a relationship between hurricanes and climate change, elevated sea surface 

temperatures could lead to a resultant increase in hurricane wind strength. But, as Christou et 

al. (2012) reiterate, there is still a lingering debate over the influence of human activities on 

hurricane activity. 

Flooding events used in the case studies were equally devastating with dire consequences, 

recording an average of 21 fatalities and $2.05 billion in damage costs per accident. Most 
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notably, the Louisiana floods in 2016 recorded 13 fatalities, $10 billion in damage costs and 

the destruction of over 50,000 homes. However, the Colorado floods in 2013 led to disrupted 

production in over 51,000 operating wells and the loss of 48,000 gallons of crude oil. Girgin 

and Krausmann (2014) suggested that there could be significant damage and disruptions to 

onshore oil and gas extraction, transportation, refining and distribution due to heavy rainfall 

and flooding. Puig, Haselip and Naswa (2015) also asserted that most incidents in the oil and 

gas industry such as accidents, oil spills, malfunctioning of pumps and valves, corrosion and 

leakages were associated with flooding caused by heavy rainfall. However, Smith (2013) 

pinpointed that there was a higher probability of flood load around facilities situated around 

large water bodies including coastal onshore rigs and offshore platforms. Similarly, Cruz 

(2010) affirmed that flood loads increased with higher water depths and velocities, which could 

damage bridges, railways, roads, storage tanks, steel structures, buildings and pipelines. In 

another case study, the La Niña event led to the New Horizon Exploration Company to account 

for their most important losses, as access to the $11 million Bloque La Maye concession was 

hindered due to excessive flooding after the Hatillo embankment gave way (Puig, Haselip and 

Naswa 2015). These findings provided substantial evidence that reiterated the impacts of 

flooding on oil and gas facilities, personnel, operations and production. 

Wildfires recorded significant damages to the oil and gas industry, averaging a total of 21 

fatalities and $5.27 billion in damage costs per event. The most notable wildfire events were 

the 2018 Western wildfires in California which killed 106 people, cost $24.2 billion and 

destroyed 18,500 buildings and over 2 million acres of land. Another noteworthy case study 

were the 2017 Western wildfires in California which led to the shutdown of 382 producing 

wells, cutting 12,000 bpd of oil production and 7 MMcf/d of gas production. Since 1970, the 

number of wildfires in the USA has doubled due to increasing temperatures and decreased 

precipitation (Bolaños, Costa and Nehren 2016). Equally, Lindner et al. (2010) suggested that 

an increase of 1.50C in the global temperature could cause wildfires to increase by 40% in 

Mediterranean Europe. In 2016, the most expensive disaster in Canada was recorded due to a 

wildfire that engulfed over 2,400 homes and 590,000 hectares of land (BP 2016). Also, 

wildfires in Portugal killed 64 people in August 2018 (Campaign CC 2016). California 

wildfires in 2018 alone have destroyed 2,000 structures and killed about 10 people (Girgin and 

Krausmann 2014). Also, the second deadliest wildfire in the 21st century was recorded in 

Greece during the 2018 heatwave where about 100 people were confirmed dead (Cameron 
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2018). These statistics reiterate the devastating impacts that wildfires could pose to oil and gas 

facilities, operations and personnel situated in onshore locations. 

Case studies of various oil and gas companies affected by climatic events were also analysed. 

The Hurricane Katrina and Rita events in 2005 affected about 11 oil companies in this study, 

with a total of 8 million gallons of crude oil spilled as a result. According to Cruz (2010), 

hurricane winds could damage infrastructure and facilities by dislodging roofs and toppling 

storage tanks, processing units or equipment. Similarly, reports from the US EPA (2017) 

revealed that about 558 pipelines and 100 platforms were damaged by Hurricanes Rita and 

Katrina which affected the energy markets in New England and New York. However, lightning 

bolts were also responsible for about 7 major incidents which cost these companies a total of 

$136 million in damage costs. An explosion at the YPF La Plata Refinery caused by torrential 

rain and flooding cost the company approximately $556 million. Also, a tsunami that hit the 

JX Nippon refinery caused an explosion which led to losses of up to $590 million. Thus, 

evidence suggests that each of these flooding events recorded significantly higher damage costs 

than all the lightning events combined. According to Girgin and Krausmann (2014), rising 

global temperatures could lead to an increased vulnerability of oil and gas infrastructure to 

flooding and lightning events. Similarly, Zamuda et al. (2013) suggested refining and 

processing operations stood a huge risk of loss of access due to extreme rainfall and flooding 

events. However, production and refining operations that require a fresh water supply could 

also be negatively affected by decreased rainfall (Girgin and Krausmann 2014). 

After analysing various case studies of climatic events and their impacts on the oil and gas 

industry, hurricanes were highlighted as the most fatal and expensive climatic event, followed 

by flooding and wildfires. The companies used as case studies were also hugely affected by 

hurricanes, flooding and lightning; which in most cases led to domino effects such as fires and 

explosions. These statistics reiterate the urgent need to integrate impacts of climate change into 

PSM systems in the oil and gas industry. 

9.1.5 The Integrated Process Safety Management and Climate Change Model 

To address the third objective of the study, a total of 27 PSM elements were selected for the 

development of an integrated PSM and climate change model for the oil and gas industry. As 

illustrated in Table 8.1, all similar elements in the various PSM systems were included in the 

new PSM system as standalone elements, while elements that were present in just one of the 
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PSM systems were also incorporated. However, the element that was missing from all the 

existing PSM systems was the impact of climate change on oil and gas operations. Therefore, 

the management of harsh weather conditions and climate change was included as an element 

to develop an integrated PSM and climate change model for the oil and gas industry. The 

screening and selection processes were adopted from the studies of Nicholson (2003) and 

Theophilus et al. (2018) which focused on efficient PSM implementation and the development 

of integrated PSM systems, respectively. 

Similar to the study of Sokovic et al. (2010), the theoretical framework of the developed PSM 

system adopted Deming’s PDCA cycle due to its ease of implementation, as illustrated in Table 

8.2. According to GPCA (2011) and the Energy Institute (2016), the AICHE, RSPSC and EI 

PSM systems also modelled their frameworks on the PDCA cycle. However, in this study, the 

PDCA cycle did not only serve as a theoretical framework, but also as a route map for more 

robust PSM implementation (Naicker 2014). The taxonomy of all the PSM elements in this 

study were categorised into 5 key areas as shown in Table 8.2. The categorisation of the PSM 

elements in this study were benchmarked from the study of Theophilus et al. (2018) where an 

integrated PSM system was developed to incorporate human factors of accident causation in 

the oil and gas industry. Process safety leadership and commitment was designated as the first 

key area comprising PSM elements such as stakeholder involvement; employee, contractor and 

supplier selection and management; objectives, targets and safety programmes; worker 

consultation; compliance with legal and industry standards; management commitment, 

responsibility and accountability to process safety. Process hazard identification and risk 

assessment was selected as the second key area which included document and record control 

and process knowledge management; health evaluation and fitness for duty and process hazard 

analysis. Risk management and mitigation was highlighted as the third key area which 

encompassed PSM elements such as management of harsh weather conditions and climate 

change; training, competence and performance; communication amongst workers; operational 

control, permit to work and operational risk management; asset integrity and the management 

of safety critical devices; performance assurance and quality assurance; inspection and 

maintenance; emergency planning and response; operational readiness and pre-startup reviews; 

management of change; standards and safe work practices; process safety information; and 

operating manuals and procedures. Performance measurement was identified as the fourth key 

area which embodied audits, benchmarking, incident reporting and incident investigation. 
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Learning from measurements and experience served as the fifth key area which also covered 

management review and intervention for continuous improvement. 

Klein (2009) suggested that discipline was the act of doing things right to yield operational 

excellence and positive results, as opposed to the views of King and Lenox (2000) who argued 

that discipline was a punishment for not doing things right. DuPont (2010) reiterated that 

process safety was the responsibility of the entire organisation and that all workers must 

possess the understanding, dedication and knowledge to safely carry out their operations each 

time in order to ensure operational discipline. Also, DuPont (2010) developed their PSM 

system using a three-way bevel gear wheel which enclosed operational discipline at the heart 

of the framework. Similarly, Olive, O’Connor and Mannan (2006) asserted that a good safety 

culture in an organisation was a function of the successful interrelationship between all PSM 

elements. Therefore, Frank (2007) suggested applying a risk-based and culture-based approach 

as efficient implementation strategies for PSM systems and this was adopted in this study, as 

reflected in Table 8.3. The risk-based approach consisted of all PSM elements that were 

comprised of risks emanating from personnel, equipment or procedures, which Skalle, Aamodt 

and Laumann (2014) highlighted as the three main components of human causal factors of 

accidents. For the culture-based approach, employer and employee safety cultures were 

considered as factors central to the successful implementation of the integrated PSM and 

climate change model, as Lutchman et al. (2013) opined that safety culture was a key metric 

of operational discipline that improves efficiency in executing PSM systems. However, Rao 

(2007) stressed that both the risk and culture-based approaches could work together with 

management commitment and operational discipline at the centre, ensuring operational 

excellence. 

Bellamy, Geyer, and Wilkinson (2008) suggested that integrated PSM systems offered more 

robust process safety implementation than individual PSM systems. However, Holdsworth 

(2003) argued that the industry for which a PSM system is developed should be considered so 

that elements pertinent to other industries were not adopted by the wrong industry. Figure 8.1 

highlights the integrated PSM and climate change model, which integrates contemporary facets 

of process safety such as impacts of climate change on oil and gas operations. As seen in Figure 

8.1, the integrated PSM and climate change model has management and employee culture at 

the centre of its theoretical framework, because safety culture is the driving factor that could 

enhance operational discipline and overall process safety standards within an organisation 
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(Lutchman et al. 2013). As the Heinrich’s domino theory of accident causation suggests, 

accidents are considered to start within the values and beliefs of an individual, before being 

transmitted to other aspects of an organisation (Sabet et al. 2013). DuPont (2010) also 

implemented this strategy as their model for operational discipline in process safety. 

The three risk-based elements can also be seen to encapsulate management and employee 

culture because there is an interrelationship between them. Safety culture can influence how 

people relate with one another, how operational procedures are carried out and how facilities 

and equipment are utilised and managed (Leveson 2004). Adversely, the competence of 

employees, standard of facilities and equipment in place and organisational procedures laid out 

by management can also affect the safety culture of both the workforce and the organisation as 

a whole (Salvendy 2012). 

9.1.5.1 Rationale for including the management of harsh weather conditions and climate 

change 

The outermost part of the integrated PSM and climate change model comprises external factors 

which could affect the risk-based elements, thereby affecting the overall safety culture of an 

organisation. It should be noted that there is little an organisation can do to influence external 

factors, but there is a lot that can be done to cushion the influence of external factors (Pitblado 

2011). Audits, a regulatory framework and climatic conditions are the three key categories that 

form the external factors in the integrated PSM and climate change model. For this study, 

climatic conditions were included as they had previously been overlooked in other PSM 

systems. The findings obtained from quantitative, qualitative and archive data analysis aided 

in justifying the inclusion of climatic conditions as prerequisites to be considered in PSM 

system development. Archive data analysis showed that in the last decade, hurricanes had led 

to a total of over 9,824 fatalities, damage costs of over $618 billion and the shutdown of several 

operations in the oil and gas industry. This shows the adverse effects of climatic conditions on 

people, facilities and operational procedures. Similarly, after quantitative analysis, flooding 

was highlighted by the study’s participants as the major climatic event that affected oil and gas 

operations. The qualitative findings also revealed that most participants suggested climate 

change as an important factor that affected oil and gas industry operations. Hence, the 

management of harsh weather conditions and climate change was included an external factor 

during the development of the integrated PSM and climate change model. 
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9.2 Validation of the study’s findings by “formal process of member 

checking” 

As suggested by Seale (2004), a technique known as the formal process of member checking 

was employed whereby research findings were presented to communities where the study data 

were collected. For this purpose, a second set of interviews was conducted for the study’s 

participants to act as a validation protocol to test the practicability of the internal interpretations 

and the external validity of the study’s findings. This was also done to achieve the fourth study 

objective which was to validate the integrated PSM and climate change model through input 

from professionals in the oil and gas industry. Consequently, some key study findings were 

emailed to five oil and gas professionals familiar with the study’s theme. Three of these 

professionals gave their consent to partake in validating the study’s findings. To cater for each 

sector of the oil and gas industry, the participants involved in the member checking process 

included a Safety and Reliability Engineer in the upstream sector, a Process Engineer in the 

downstream sector and a Facility Engineer in the midstream sector. For conciseness, some key 

excerpts from the interview have been trimmed and are presented as follows: 

‘…The Integrated Process Safety Management and Climate Change model covers 

literally every area of process safety; most notably, climate change which has been 

an issue for a long time and has not been adequately addressed in other PSM 

models. I believe the oil and gas industry should adopt such a model going forward 

to enhance our process safety’. (Safety and Reliability Engineer – upstream oil and 

gas company) 

‘…The study findings are very clear and easy to understand. This paper has further 

emphasised the critical impacts that climate change has on oil and gas operations; 

most of which I was unaware of before now. One thing that makes the study 

important is the fact that it did not focus on how the oil and gas industry causes 

climate change, which is the norm in many other studies. On the contrary, it 

highlighted the adverse impacts of climate change on the oil and gas industry which 

I would say is quite an innovative and ground-breaking research for the oil and gas 

industry’ (Process Engineer – downstream oil and gas company) 

‘…The model designed in this study will be useful if it can be tested or implemented 

in various oil and gas companies. By doing so, it will further boost the credibility 

of the model and validate the research findings; especially if there is a significant 
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improvement in process safety metrics after implementation of the model. However, 

I must commend the astute design of the model which seems to be very robust and 

comprehensive’ (Facility Engineer – midstream oil and gas company) 

 

Based on the suggestions by each of the reviewers who were involved in the validation process, 

it is evident that the Integrated Process Safety Management and Climate Change model offers 

robust implementation strategies for process safety in the oil and gas industry. However, it 

needs to be tested and implemented in the oil and gas industry to ascertain its effectiveness in 

practical industry settings. Therefore, further studies will have to be conducted to test the 

efficacy of the developed model in the oil and gas industry.  

 

9.3 Research contribution to knowledge 

This study makes three major contributions to the existing body of knowledge on the impacts 

of climate change on oil and gas operations, as well as process safety management systems in 

the oil and gas industry. These will be adequately discussed in this section. 

First, the study has developed a novel concept for ascertaining how oil and gas facilities are 

affected by adverse climatic conditions. Prior to this, most studies have focused mainly on how 

oil and gas operations lead to increasing impacts of climate change, but there has been little 

empirical research conducted on the adverse impacts of climate change on oil and gas 

infrastructure. Some oil and gas professionals had perceived climate change in the past as either 

a hoax or a money-making venture for political reasons, as opposed to an environmental 

sustainability initiative (Cook et al. 2016). This is buttressed by qualitative findings from 

interview responses in this study where some participants questioned the existence of climate 

change and even if it existed, whether it was enough to cause the deterioration of facilities and 

the disruption of oil and gas operations. However, most interviewees cited several scenarios 

where harsh climatic conditions such as storm surges, high wind speeds, flooding, heat waves 

and high CO2 concentrations have led to increased asset deterioration, the disruption of flights 

and logistics operations, the corrosion of pipelines and other infrastructure, as well as health 

and safety risks for workers. Puig et al. (2015) also asserted that climate change could affect 

transportation through pipelines, road transport, as well as production and refining sites. Case 

studies have also established the immense impacts of hurricanes, wildfires and flooding on the 
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oil and gas industry through fatalities, financial losses, infrastructural damage, and production 

shortage. The quantitative section of the study has also provided an empirical justification 

through the questionnaire findings that climate change does greatly affect oil and gas 

operations. 

Secondly, there is an in-depth understanding of accident trends in the oil and gas industry due 

to the findings of the study. This study found that the contractor environment was the human 

factor witnessed in the highest number of oil and gas accidents from 2013 to 2017. Also, 

contractors have been identified as the most vulnerable workers in the oil and gas industry, 

compared to company employees, possibly due to their higher level of involvement in the 

execution of oil and gas operations (Berends 2007). The category of accidents most 

predominant in recent times, according to the study’s findings, are those involving workers 

being hit by stationary or moving equipment. Drilling, workover and well services were also 

observed to be operations with more accidents. Asia was also highlighted as the most 

vulnerable geographical location to oil and gas accidents in the study; possibly due to the 

number of oil and gas operations taking place in that region (Griffiths 2017). Trend analysis 

showed that oil and gas accidents are still on the rise despite the efforts over the years to reduce 

them, similar to the findings of Vuorio, Stoop and Johnson (2017). 

The third contribution of the study is the knowledge of how to develop robust PSM systems 

that can integrate contemporary issues facing any specific industry. Findings have shown that 

it is beneficial to integrate various elements from existing PSM systems to develop a new one, 

as well as adding new missing components to its framework to make it more robust. Also, the 

PDCA cycle is deemed to be a reliable framework for mapping PSM elements during PSM 

system development due to its ease in implementation (Sokovic et al. 2010). The operational 

discipline model by DuPont (2010) is perceived as an effective implementation strategy for 

effective PSM. This is because its strategy starts off with safety culture within the individual, 

then expands to the three human factor components (personnel, equipment, and procedures), 

then the external factors, which is where climate change comes into play in this study. Also, 

the integrated PSM and climate change model developed in the study has reflected illustratively 

how climate change affects personnel, equipment, procedures, safety culture and vice versa. 

However, prior to this time and even as suggested by some interviewees in the study, it was 

believed that there was little or no relationship between climate change and PSM. But this 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 217 

study has proved through the development of the integrated PSM and climate change model 

that climate change inadvertently affects every aspect of PSM. 

9.4 Implications for research and practice 

The inclusion of climate change into PSM makes this a contemporary study that is relevant to 

current trends in the oil and gas industry. The findings from this study will aid in greatly 

reducing the rate of process accidents in various industries, provided that it is adequately 

implemented. This study could also enhance the innovation of more integrated management 

systems in different industries, fields and disciplines (Holdsworth 2003). Companies within 

the process industry will also have the opportunity to incorporate a more holistic model into 

their management system and upon successful implementation, stand a greater chance of 

increasing their operational reputation with regard to process safety. On a precautionary note, 

companies can also avoid the legal, moral and financial consequences that come with process 

accidents due to negligence or the failure to fulfil the employer’s duty of care (Hughes and 

Ferrett 2003). This is made evident by incorporating regulations such as the Safety Case and 

COMAH regulations into the designed framework. As a result of this research, there is also a 

massive prospect of companies putting mitigations in place to cushion impacts of climate 

change on their operations. This could also be an eye-opener for national governments, 

regulatory agencies and institutions on amendments and enactments of regulations that could 

be made with regard to process safety. A typical example is the dissolution of the Minerals 

Management Service (MMS) after the Deepwater Horizon Blowout to form the Bureau of 

Ocean Energy Management (BOEM), the Bureau of Safety and Environmental Enforcement, 

as well as the Office of Natural Resources Revenue (ONRR) (BOEM 2017). There is also a 

possibility of other countries and industry sectors benchmarking and updating their PSM 

regulatory frameworks, similar to the Norwegian model that has aided other countries in 

benchmarking the tripartite structure of the Norwegian petroleum industry. This study has also 

provided the platform for more research to be conducted extensively on various impacts of 

climate change on specific areas of oil and gas operations.  

9.5 Limitations of the study and future research directions 

While this study has contributed immensely to knowledge, research and practice, there are 

quite a number of limitations encountered in the study design, data collection and analysis. 
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Firstly, the oil and gas industry is a highly specialised industry with operations located only in 

particular regions around the world (Oil and Gas Club 2016). Unlike other industries such as 

construction, agriculture, health care and education which have their operational activities in 

almost every country of the world, petroleum activities can only take place in areas with oil 

and gas deposits (Hintikka 2011). Also, due to the fall in global oil prices, lots of oil and gas 

professionals have been either furloughed or made redundant; thus, making it more difficult to 

access adequate number of oil and gas professionals for the study (Kida et al. 2019, Anders et 

al. 2020). Most of these workers who are contractors do not have access to their work emails 

as they are not in the work premises due to reduced production activities; hence, the reason for 

low response rate from participants. Therefore, these factors limited the amount of data that 

could be collected from oil and gas professionals. Thus, the researcher resorted to using a 

combination of simple random sampling where participants were randomly selected based on 

their job roles within the industry, and the convenience sampling method, where participants 

were previously known by the researcher (Onwuegbuzie and Leech 2007). Some participants 

failed to accept the invitation to participate in the study. This could be due to the fact that the 

oil and gas industry operates on principles of discretion and tact with their data due to 

competition from rival companies, although, a higher population sample for this study might 

have helped in enhancing the reliability and validity of the study’s findings. Hence, one may 

argue that the findings of the study may be biased as the recruited participants may have been 

previously known by the researcher. However, this is why Etikan, Musa, and Alkassim (2016) 

permit the use of the convenience sampling method in cases where data collection seems to be 

problematic due to the high-risk nature of an industry such as the oil and gas industry. The 

difficulty in obtaining first-hand data from the oil and gas industry was a major factor that 

informed the use of secondary data from the case studies and archive data. Archive data such 

as accident data from the IOGP fatal incident database helped in conducting exploratory 

research to find out accident trends and causal factors in the oil and gas industry. Alternatively, 

the case studies provided evidence-based data which aided in conducting explanatory research 

to buttress the quantitative findings from the questionnaires and qualitative findings from the 

interviews. 

Oil and gas accidents were analysed to ascertain the trends of accidents in the industry. 

However, these accidents were briefly discussed as preliminary findings leading up to the main 

aim of the study, which was to ascertain the impacts of climate change on oil and gas 
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operations. Consequently, more research could be done to conduct in-depth analysis on 

accident causation according to geographical region, location, industry sector, types of workers 

involved, accident categories and the nature of operations. A research of this nature would give 

more insight into the underlying causes of accidents, with HSE (2006) suggesting that if 

consistent and accurate data about underlying causes of accidents were to be collected, a better 

understanding of accidents and how to prevent them will be developed. 

Another limitation of this study is that the HFACS-OGI by Theophilus et al. (2017), the 

accident analysis tool used in this study, only discusses human factors of accident causation. 

However, other factors such as adverse climatic conditions were not adequately considered in 

this framework. This made it impossible to classify accidents that may have been potentially 

triggered by adverse weather conditions, which would have buttressed the study’s findings. 

Although one may argue that the physical and technological environments in the HFACS-OGI 

framework could account for causal factors related to adverse climatic conditions, a more 

holistic accident investigation tool, that will not only assess human factors but also external 

factors such as climate change, needs to be researched and developed (Sklet 2004). 

This study only focused on climate change as an external factor that could affect PSMs and oil 

and gas operations. However, there are many other factors that are responsible for the 

disruption of oil and gas operations, as well as process safety failings. De Rademaeker et al. 

(2014) suggested several factors that could be incorporated into 21st century PSMs such as 

natech, the application of process safety to drilling operations, easy-to-implement process 

safety methods for industry and integration of databases for process safety improvement. Other 

factors include standardisation of process safety standards, process safety management 

knowledge transfer, improved access, dissemination and life cycle/maintenance. Also, factors 

such as safety technologies, layers of protection and migration systems and mechanisms to 

import process safety into emerging technologies should be considered. There are also 

suggestions to focus more on integrating occupational safety with process safety; resilience 

engineering; complex systems; consequence analysis; and inherently safer design. More 

research should be done in each of these key areas to develop more robust PSM systems for 

various industries. 

A limitation in this study was the fact that vital data such as asset integrity and maintenance 

data which could have helped in validating the study findings were difficult to obtain. WOAD 
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(2014) suggests that most data in the oil and gas industry are classified and not available to the 

public domain, which makes it difficult to carry out robust analysis using sufficient data. 

Therefore, the oil and gas industry should be more liberal with data to enable more research to 

be conducted using primary data such as maintenance logs, asset integrity data, corrosion data 

and weather incident logs etc. Laboratory experiments and simulations could also be conducted 

to examine how an increase in climatic factors such as temperature, rainfall, CO2 concentration 

and wind speeds could affect oil and gas facilities. 

One of the objectives of this study was to assess the impacts of climate change on oil and gas 

operations. This was done to establish a rationale for integrating climate change into PSM 

systems in the oil and gas industry. Indeed, there were several evidence-based findings which 

proved that climate change does have an impact on oil and gas operations. However, a major 

limitation is that there was little research on the possible mitigations that could be put in place 

to cushion these impacts once they have been identified. Since the aim of this study is to 

enhance process safety in the oil and gas industry through the development of a robust PSM 

system, then identifying the impacts of climate change without addressing them only offers 

half of the solution to the problem. As a result, more research needs to be conducted based on 

the study’s findings on how to prevent or cushion the impacts of climate change on oil and gas 

facilities or operations.  

In the rationale for the study, it was mentioned that this study emanated from a preliminary 

study by Theophilus et al. (2018) which had not been validated from an industry perspective. 

This study made some effort in validating the developed integrated PSM and climate change 

model through academic literature and input from oil and gas professionals during the data 

collection and the formal process of member checking. However, a limitation of the integrated 

PSM and climate change model is that it has not yet been adopted and practically tested in the 

industry. This could pose some doubts as to whether the integrated PSM and climate change 

model offers anything different from other existing PSM systems; especially regarding the 

inclusion of climate change into its framework. Therefore, there should be a collaborative study 

between industry and academia to test the efficacy and implementation strategy of the 

integrated PSM and climate change model. 

The case studies used in this study were limited to hurricanes, wildfires and flooding events. 

However, there are a lot of other adverse climatic conditions such as heat waves, storm surges 
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and CO2 concentration etc. (Cruz 2010). Again, the climatic events used as case studies in this 

study were only used as evidence to prove the impact of climate change on the oil and gas 

industry. Yet, there was no in-depth analysis to ascertain the underlying factors as to why the 

oil and gas industry would have been so seriously affected. Consequently, a robust analysis 

should be performed using the case studies of various climate change events and their impacts 

on the oil and gas industry. This could be done by site visits to the specific companies affected 

by these incidents and obtaining quantitative data (questionnaire), qualitative data (interviews) 

and archive data (documentary information). 

Lastly, the integrated PSM and climate change model was developed for the oil and gas 

industry and did not incorporate PSM systems from other industries. Despite the oil and gas 

industry being one of the most specialised process industries, there are also other industries 

which have similar PSM elements that could be benchmarked and adopted into their PSM 

system (Bellamy, Geyer and Wilkinson 2008). Therefore, there should be a research that adopts 

the findings of this study to develop a PSM system for other high-risk industries using 

contemporary issues within those specific industries. 

9.6 Summary 

This chapter discussed the findings of the study in detail. The discussions in the chapter 

confirmed the claims, assertions and arguments in the study’s literature and corroborated them 

with the study’s quantitative, qualitative and archive findings. Also, a formal process of 

member checking was conducted to validate these study findings. The chapter further 

explained the contributions of the study to the body to knowledge, as well as its implications 

for research and practice. The limitations of the study and the directions for future research 

were also looked at. The next chapter presents the study’s conclusion and recommendations. 
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Chapter Ten 

Conclusions and Recommendations 

10.1 Conclusion 

The main aim of this study was to develop an integrated process safety management and 

climate change model for the oil and gas industry. Consequently, this study adds to emerging 

studies that attempt to design robust PSM systems for the oil and gas industry and most 

importantly, those which seek to understand the various impacts of climate change on the oil 

and gas industry. 

Following reviews concerning process safety trends, PSM systems, the oil and gas industry, 

process accident statistics, accident causation theories, climate change trends, impacts of 

climate change, asset integrity, as well as oil and gas operations; the present study 

conceptualised and devised an integrated PSM and climate change model for the oil and gas 

industry. This integrated PSM and climate change model integrates contemporary issues facing 

the oil and gas industry – most notably climate change – into its framework; thereby giving a 

clear implementation strategy for PSM systems to cushion the impacts of climate change on 

oil and gas operations. 

For reference purposes, the first objective was to analyse trends of process accidents in the oil 

and gas industry. After conducting accident analyses in the oil and gas industry from 2013 to 

2017, results showed that accidents reduced from 2013 which had the highest number of 

accidents to 2016 which had the least number of accidents. Similarly, it should be noted that 

after analysing the fatal accident rate (FAR) (fatalities per accident), 2013, which recorded the 

highest number of accidents and fatalities also had the highest FAR. Also, from the assertions 

of Reiman et al. (2015), due to the stochastic and unpredictable nature of accidents, it would 

be difficult to ascertain if oil and gas accidents could increase or reduce in the future, especially 

depending on the level of mitigation measures put in place. 

Asia recorded the highest number of accidents among all regions and this could be due to the 

fact that the UAE, Kuwait, Iraq, Iran and Saudi Arabia have the top 10 largest oil production 

and reserves in the world. However, Oil and Gas UK (2017) argued that the number of oil and 

gas operations in a region may not always be directly proportional to the number of accidents; 
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especially if there are high levels of safety standards implemented across the oil and gas 

facilities in that region. From the study’s findings, contractors were more involved in accidents 

than company staff. Berends (2007) attributes this to the fact that contractors perform most of 

the specialised and high-risk operations in the oil and gas industry. However, Fuller and Vassie 

(2001) maintained that contractors were more experienced in executing oil and gas operations 

and therefore, should be less prone to accidents. The study’s findings also revealed that onshore 

regions recorded significantly more accidents than offshore locations. However, Goh, Tan, and 

Lai (2015) asserted that number of onshore or offshore accidents was hugely dependent on the 

number of petroleum facilities and operations within a given region. Also, accidents involving 

burns or explosions and workers caught in, under or between equipment were observed in many 

accidents. Lee et al. (2016) suggested that accidents involving burns and explosions were 

usually caused by poor PSM system implementation in oil and gas facilities. Although PSM 

systems may be properly implemented, they could still be ineffective if they are not robust 

enough to comprehensively address all aspects of process safety (Theophilus et al. 2018). 

Accidents occurred more in drilling activities than other operations. However, it should be 

noted that accidents in the oil and gas industry do not only occur from high-risk operations 

(Azadeh et al. 2014). Accident analyses conducted using the HFACS-OGI framework showed 

that the contractor environment was the predominant causal factor of oil and gas accidents from 

2013 to 2017. Berends (2007) suggests that this is probably because most operations in the oil 

and gas industry were carried out by contractors due to the hazardous nature of the industry 

and the level of specialisation required. 

The second objective was to investigate whether climate change affects oil and gas operations. 

After conducting analyses using questionnaires and interviews, the findings showed that most 

of the study’s participants definitely agreed that climate change significantly affected oil and 

gas operations. However, there are still fierce debates about the concept of climate change on 

whether it exists and even if it does, if its impact on oil and gas operations will be significant 

(Dole, Hoerling and Schubert 2008). Most of the study’s participants also suggested that the 

location of oil and gas facilities made them more vulnerable to climate change. However, Udie, 

Bhattacharyya and Ozawa-Meida (2018) argued that oil and gas facilities were designed 

differently according to their location and may not necessarily be affected by climate change 

solely based on their location. A large proportion of the study’s participants also agreed that 

the vulnerability of oil and gas facilities to harsh climatic conditions influenced the cost of oil 
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and gas operations. But, IIGCC, CERES, and IGCC (2017) claimed that oil and gas operations 

were poised to increase their costs due to other factors apart from climate change such as 

advancing technologies, inaccessible oil reserves and fluctuations in oil prices, etc. Most of the 

study’s participants believed that climate change had severe impacts on operators working in 

oil and gas facilities. However, Adam-Poupart et al. (2013) recommended that workers should 

be given adequate training, suitable personal protective equipment and more flexible work 

routines to be able to better cope with harsh climatic conditions. 

The study’s findings show that only a few participants believed that the oil and gas industry 

had done enough to mitigate the impacts of climate change on their operations. However, Puig, 

Haselip and Naswa (2015) argued that a lot of adaptation measures have been put in place to 

manage the impacts of climate change in the Colombian oil and gas industry. Most of the 

study’s participants were in agreement that variation in climate temperature was a major factor 

in pipeline corrosion and asset deterioration. Othman (2015) however argued that other factors 

such as the nature of operations and poor maintenance could also play active roles in asset 

deterioration. 80% of the study’s participants definitely agreed that flooding affected oil and 

gas operations in both onshore and offshore regions. However, it was debated that flooding 

was a phenomenon more witnessed in onshore than offshore regions (Cruz 2010). Also, most 

study participants suggested that asset deterioration led to high levels of accidents in the oil 

and gas industry, although, Argenti et al. (2015) stressed that process facilities were also 

vulnerable to terrorist attacks and that these accidents could sometimes be wrongly attributed 

to asset deterioration. There is a huge debate that PSM systems do not consider contemporary 

concepts such as climate change in their implementation (Udie, Bhattacharyya and Ozawa-

Meida 2018). However, the findings reveal that only a few participants agreed with this claim; 

hence suggesting that there is some level of adequate PSM implementation across oil and gas 

facilities. Nonetheless, it is evident that most participants agreed that the menace of climate 

change on oil and gas facilities is a major problem that needs to be addressed. 

Case studies were also used as evidence-based studies to buttress the quantitative and 

qualitative findings of the study. Hurricane events were discovered to be the most expensive 

and devastating climatic event in the oil and gas industry with an average of $68.68 billion 

damage costs and 1,092 fatalities per event. Flooding events used in the case study were equally 

devastating with dire consequences, recording an average of 21 fatalities and $2.05 billion in 

damage costs per accident. Wildfires recorded significant damages to the oil and gas industry, 
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averaging a total of 21 fatalities and $5.27 billion in damage costs per event. Cruz (2010) 

stressed that hurricanes were very destructive and were accompanied by lightning, flooding, 

storm surges, heavy rains, tornadoes and high wind speeds; which could all affect oil and gas 

facilities. However, Dole, Hoerling and Schubert (2008) argued that while it may be difficult 

to establish a relationship between hurricanes and climate change, elevated sea surface 

temperatures could lead to a resultant increase in hurricane wind strength. Puig, Haselip and 

Naswa (2015) also asserted that most incidents in the oil and gas industry such as accidents, 

oil spills, malfunctioning pumps and valves, corrosion and leakages were associated with 

flooding caused by heavy rainfall. However, Smith (2013) pinpointed that there was a higher 

probability of flood load around facilities situated around large water bodies including coastal 

onshore rigs and offshore platforms. Likewise, Lindner et al. (2010) suggested that an increase 

of 1.50C in global temperature could cause wildfires to increase by 40% in Mediterranean 

Europe. These statistics reiterate the urgent need to integrate impacts of climate change into 

PSM systems in the oil and gas industry. 

The third objective was to develop an integrated process safety management and climate 

change model for the oil and gas industry. A total of 27 PSM elements were selected for the 

development of an integrated PSM and climate change model for the oil and gas industry. The 

theoretical framework of the developed PSM model adopted Deming’s PDCA cycle due to its 

ease in implementation, similar to the study of Theophilus et al. (2018). The integrated PSM 

and climate change model was categorised into 5 key areas: process safety leadership and 

commitment; process hazard identification and risk assessment; risk management and 

mitigation; performance measurement; learning from measurements and experience. The new 

element added to the integrated PSM and climate change model was the management of harsh 

weather conditions and climate change. This element was added under the “risk management 

and mitigation” key area. 

The implementation strategy for the integrated PSM and climate change model was 

benchmarked from DuPont’s operational discipline model which contained safety culture at 

the centre, enclosed by the three human factors of personnel, facilities and procedures. But the 

integrated PSM and climate change model included another layer to account for external 

factors that could affect process safety such as the management of harsh weather conditions 

and climate change. Just as the Heinrich’s domino theory of accident causation suggests, 

accidents are considered to start within the values and beliefs of an individual, before being 
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transmitted to other aspects of an organisation (Sabet et al. 2013). The findings obtained from 

the quantitative, qualitative and archival data analyses aided in justifying the inclusion of 

climatic conditions as a prerequisite to be considered in PSM system development. Archive 

data analysis showed that in the last decade, hurricanes have led to a total of over 9,824 

fatalities, damage costs of over $618 billion and the shutdown of several operations in the oil 

and gas industry. This shows the adverse effects that climatic conditions have on people, 

facilities and operational procedures. Similarly, after quantitative analysis, flooding was 

highlighted by the study’s participants as the major climatic event that affected oil and gas 

operations. The qualitative findings also revealed that most participants suggested climate 

change was an important factor that affected oil and gas industry operations. Hence, the 

management of harsh weather conditions and climate change was included as an external factor 

during the development of the integrated PSM and climate change model. This was the novel 

part of this study which contributed something vital that has been lacking in other PSM systems 

over the years.  

The fourth objective was to validate the developed PSM system through input from 

professionals in the oil and gas industry. A technique known as the formal process of member 

checking was employed whereby the research findings were presented to communities where 

the study data were collected. For this purpose, a second set of interviews was conducted for 

the study’s participants to act as a validation protocol to test the practicability of the internal 

interpretations and external validity of the study’s findings. As suggested by the oil and gas 

experts used for the validation of the study’s findings, the oil and gas industry should adopt the 

developed model going forward to enhance process safety. Also, the model designed in this 

study will be useful if it can be tested or implemented in various oil and gas companies. By 

doing so, it will further boost the credibility of the model and validate the research findings. 

10.2 Recommendations 

Based on the emerging questions, uncertainties and findings, the main recommendation of the 

study is that there should be a collaborative effort from industry, academia and national 

governments to conduct further studies using various approaches in data collection. Firstly, in 

order to avoid any bias that may arise from the questionnaire and interview responses based on 

the participants’ subjective views, the study recommends that future studies rely on the use of 

first-hand data from oil and gas companies such as asset integrity data, maintenance logs, 
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corrosion data, accident reports and weather incident logs etc. Laboratory experiments and 

simulations could also be conducted to examine how an increase in climatic factors such as 

temperature, rainfall, CO2 concentration and wind speeds could affect oil and gas facilities. 

More research could be done to conduct in-depth analyses on accident causation according to 

geographical region, location, industry sector, types of workers involved, accident categories 

and nature of operations. A research of this nature would give more insight into the underlying 

causes of accidents, with HSE (2006) suggesting that if consistent and accurate data about the 

underlying causes of accidents were to be collected, a better understanding of accidents and 

how to prevent them would be developed. There should be a research that adopts the findings 

of this study to develop a PSM system for other high-risk industries using contemporary issues 

within those specific industries (Bellamy, Geyer and Wilkinson 2008). Also, there should be a 

collaborative study between industry and academia to test the efficacy and implementation 

strategy of the integrated PSM and climate change model. 

With regard to process accidents in the oil and gas industry, Sklet (2006) suggests that national 

governments, regulatory bodies and company top management should install preventive 

barriers to breach the chain of accident causation in the oil and gas industry. Mathisen and 

Bergh (2016) recommended that before any operation was carried out, workers should undergo 

a health and fitness examination to assess their physical fitness and readiness for any tasks. 

Sarshar et al. (2016) also opined that the management of oil and gas companies should provide 

sufficient funds to promptly address any flaws detected within the system. Workers and 

supervisors in the oil and gas industry should also undertake offshore process safety training 

programmes to reduce operational errors (O’Connor and Flin 2003; Crichton et al. 2008). 

Physical/mental limitations in oil and gas workers could be addressed by assigning tasks and 

operations to competent staff who have sufficient knowledge, ability, training and experience 

to do the job (Bradbeer, Butterworth and Rolt 2009). Singh et al. (2009) posited that decision-

making and perceptual errors in workers could be reduced by supervisors and top management 

ensuring that operations were carried out in a safe working environment free from any 

uncontrolled hazards. Also, Crichton (2005) avowed that operations could be carried out in a 

safer manner if competent supervisors were on the ground to ensure that workers followed the 

safe systems of work that had been put into place by management. Houck (2010) suggested 

that operational violations by workers, supervisors and top management could be curbed by 

the enforcement of industry standards by relevant health and safety regulatory bodies. A more 
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holistic accident investigation tool that will not only assess human factors but also external 

factors such as climate change needs to be researched on and developed (Sklet 2004). 

Consequently, this study has contributed to this by developing an archetypal PSM and climate 

change model for the oil and gas industry. 

With regard to climate change vis-à-vis the oil and gas industry, it is suggested that companies 

should provide information on impacts of climate change on their operations in order to 

establish a relationship between changes in the physical environment and oil and gas 

operations. Similarly, it is suggested that all regions where oil and gas companies are currently 

operating or have prospective projects should be observed for risks posed by changes in 

weather patterns. A typical example is increased water shortages in operations in water-scarce 

regions, rising sea levels on coastal operations or the effect of permafrost melting on arctic 

operations. Alternatively, physical effects of climate change could create investment areas such 

as improved accessibility to remote oil field locations. Thus, companies should come up with 

strategies that provide evidence that projects which were previously commercially viable have 

become economically feasible due to climate change effects. Also, companies should identify 

the value of assets and reserves in regions prone to severe weather events such as tropical 

storms and hurricanes in the Gulf of Mexico. Additionally, a detailed blueprint for integrating 

extreme weather events into their management systems, investment decisions and company 

strategies should be provided. More research needs to be conducted based on the study’s 

findings on how to prevent or cushion the impacts of climate change on oil and gas facilities 

or operations. Climate proofing is suggested by Puig et al. (2015) as one of the ways forward 

in protecting oil and gas assets from climate change which involves applying resilience 

engineering techniques to make assets more durable and reliable to withstand adverse climatic 

conditions. Cruz (2010) also suggested the incorporation of physical factors such as building 

technologies and infrastructure that can withstand climate change hazards. However, Puig et 

al. (2015) asserted that human factors play a major role through staff preparedness and 

responses such as monitoring early warning signals and training on managing any 

consequences of a threat. It should be noted however that climate proof technologies and 

infrastructure may not be economically feasible in all circumstances, as paying for remediation 

costs may be more advantageous (Cruz 2010). 

In summary, this study has discovered that accident trends in the oil and gas industry are still 

on the rise. Contractor environment was highlighted as the most significant human causal factor 



Development of an Integrated Process Safety Management and Climate Change Model 

for the Oil and Gas Industry 

 

 229 

of oil and gas accidents. Findings from questionnaire and interview analysis revealed that most 

study participants agreed that the impacts of climate change on oil and gas facilities is a major 

problem that needs to be addressed. Case study analysis showed that hurricane events were the 

most expensive and devastating climatic event in the oil and gas industry, followed by flooding 

and wildfires. These findings justified the inclusion of “management of harsh weather 

conditions and climate change” as an external factor during the development of the integrated 

PSM and climate change model. This model was designed to address the impacts of external 

factors such as climate change on process safety elements including personnel, equipment, 

procedures and safety culture of employers and employees. After validating this model using 

input from industry professionals, it is suggested that the oil and gas industry could adopt the 

developed model going forward to enhance process safety of their facilities, personnel and 

operations. 
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