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ABSTRACT 
 
 
 
The impact of environmental factors on financial bottom lines is a concept that has 

been widely debated for decades. Research attempting to address the debate and 

provide answers for practitioners has resulted in mixed results. However our 

economies fall victim to the detrimental effects of climate change, the impacts of 

environmental hazards are becoming less deniable. The management of some the 

world’s largest corporations acknowledge this risk and recognize opportunity to 

mitigate their exposure to a changing climate often while increasing operational 

efficiency and creating a more sustainable future for the corporation. In the 

investment realm, an acceptance of the potential risk and opportunity of 

environmental, social, and governance (ESG) factors has grown with many investors 

now actively seeking out information pertaining to ESG allowing them to make better 

informed decisions and maximize the returns on their portfolio. However, the rating 

systems most depended on by investors have not necessarily moved at the same 

speed with environmental factors often still being overlooked in the research process. 

This study aims to address this concern by considering one of the most influential 

tools in the bond investing market, a corporate credit rating, and evaluate the 

integration of environmental risk into the credit research and rating process. 
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CHAPTER 1: INTRODUCTON 
 
The impact of environmental factors on financial bottom lines is a concept that has 

been widely debated for decades. Research attempting to address the debate and 

provide answers for practitioners has resulted in mixed results. However our 

economies fall victim to the detrimental effects of climate change, the impacts of 

environmental hazards are becoming less deniable. The management of some the 

world’s largest corporations acknowledge this risk and recognize opportunity to 

mitigate their exposure to a changing climate often while increasing operational 

efficiency and creating a more sustainable future for the corporation. In the 

investment realm, an acceptance of the potential risk and opportunity of 

environmental, social, and governance (ESG) factors has grown with many investors 

now actively seeking out information pertaining to ESG allowing them to make better 

informed decisions and maximize the returns on their portfolio. However, the rating 

systems most depended on by investors have not necessarily moved at the same 

speed with environmental factors often still being overlooked in the research process.  

 

The most traditional indicator of a firm’s financial stability is arguably the corporate 

credit ratings from the three most reputable credit rating agencies (CRAs), Moody’s, 

Standard and Poor’s, and Fitch Ratings. Despite criticisms in the role they played for 

historic economic failures such as Enron, the relevance and use of credit ratings in 

international markets continues to grow. (Steiner and Heinke, 2012). Independent 

and institutional investors turn to CRAs for an accurate evaluation of the firm’s 

likeliness of fulfilling their future debt obligations.  

 

With environmental hazards increasing as a result of climate change and posing 

significant financial threat to corporations, investors would expect this risk to be 

accounted for in the research and rating process. For example, recent history 

provides us with evidence of the severe financial implications related to the threat of 

climate hazards. In the summer of 2007, the UK experienced severe rainfall - 

specifically in South and East Yorkshire, Worcestershire, Gloucestershire, and 

Oxfordshire. (Environment Agency, 2007) A report by the Environment Agency was 

released in 2010 assessing the full economic costs of the flood damage and 

determined about 10% (£33 million) of the total direct damage costs were incurred by 

the power and water utilities. (Environment Agency, 2007:iv) They extended their 

evaluation to include the loss revenues of power stations for the periods of time 

power stations were forced to shut down because of the damage to their 



 7 

infrastructure. When including the direct costs of curtailed supply, the costs of 

redirecting supplies to avoid curtailment and, where supplies were cut off, the loss of 

value to users, total estimated costs to electricity and gas companies reached about 

£139 million. (Environment Agency, 2010:21) If an investor were to be holding bonds 

in the electricity and gas companies, the impacts of such an event would surly harm 

the security of the of the debt.   

 

Recent press suggests that CRAs are beginning to recognize the importance of 

environmental factors in the long-term financial stability of a firm.  For example, US-

based Moody’s says building nuclear plants is risky because of the huge costs and 

uncertainties. (McGhie, 2012) This is likely a response of the Fukushima incident 

occurring in 2011 which caused such widespread environmental and social harm 

forcing man Japanese nuclear plants close and costing energy companies upwards 

of $137 billion severely damaging the Japanese economy. (Bloomberg, 2012) 

Similarly, in the US a firm is being encouraged by Moody’s to abandon risky nuclear 

and fossil fuel builds for alternative energy sources by suggesting an upgrade in 

credit rating may follow. (Cectoxic, 2012) However, it is still unclear to what extent 

the corporate credit ratings are reflective of the apparent environmental risk and how 

they are considered in the wider risk assessment process. 

 

This study aims to address this by considering one of the most influential tools in the 

bond investing market, a corporate credit rating, and evaluate the integration of 

environmental risk into the credit research and rating process. A case study of the 

UK Electricity Generators Sector will be employed to investigate the relationships 

between environmental risks and corporate credit ratings as an indicator of said risks. 

It will aim to better inform investors of the credibility of traditional rating systems 

within the context of environmental risk. The study is framed by following primary 

research question and is supported by two sub-questions: 

 

How are environmental risks considered in the credit research and 

rating processes of corporate bonds? 

 

 How might the environmental riskiness of a bond issuer be 

determined? 

 

 What existing relationships are present between the environmental 

riskiness and the credit rating of a bond issues? 
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The research will begin with a review of existing literature in Chapter 2. Several 

bodies of research will be consulted and critically analysed to provide a theoretical 

foundation and identify the current gaps for this research to address. Chapter 3 will 

continue by outlining a strategy for the proceeding study. The research methodology 

will explain the researcher’s chosen plan to answer the established research 

questions with justifications and limitations of the approach. The research methods 

employed for data collection and analysis will both be presented in Chapter 3. In 

Chapter 4, the findings will be presented and analysed. This will be done in three 

parts coinciding with the research design presented in Chapter 3. The findings will be 

discussed in Chapter 5, answering the research questions and placing the research 

in the broader conversation of the topic. Finally Chapter 6 will present the limitations 

of the study and identify potential areas for future research as a conclusion.  
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CHAPTER 2: LITERATURE REVIEW 
 
This literature review will begin by exploring the definitions of risk and vulnerability. It 

will establish the elements of risk and how risk should be measured. It will continue 

by taking a more in depth look at the types of risk relevant to bond investing with a 

particular interest in credit and event risk as a potential area for environmental risk 

consideration. Next the literature review will discuss credit ratings as an indication of 

credit worthiness. It will use previous research to try to understand the relationship 

between credit ratings and investors’ perceptions of financial strength. An overview of 

the credit research process provides a comprehensive understanding of how credit 

ratings are currently assigned. At this point it will begin to address the integration of 

environmental factors into investment decisions. It will critically analyse the existing 

academic research suggesting a correlation between environmental and financial 

performance in firms. Next, it will take a closer look at those studies which have 

focused on the financial performance measures related to the future financial stability 

of firms. It analyses the perceptions of borrowers as reflected though such measure 

as the cost of capital and credit ratings. It will identify gaps in the literature 

concerning the study of fixed income assets and environmental risk considerations in 

the credit research process for determining credit ratings. These gaps will prove the 

need for additional research in this area and provide the foundation for the current 

research.  

 

2.1 Defining ‘Risk’  

 

The development of the term ‘risk’ has been the result of centuries of academic 

debate which continues to take several meanings even today. Holton (2004) 

discusses risk as a crossing of subjective probability and operationalize each 

stemming from the philosophical roots of David Hume in the 18th century. A study of 

subjective probability lead to Frank Knight penning what became one of the most 

popular definitions of risk in 1921 when he wrote: “to preserve the distinction… 

between the measurable uncertainty and an immeasurable one, we may use the 

term ‘risk’ to designate the former and the term uncertainty to designate the latter.” 

(Knight, 1921:233 in Holton, 2004) This definition has clear reference to the 

probability of an uncertainty by suggesting risk is measurable. This was carried into 

our modern definitions of risk, however with an additional element. Knight had been 

highly criticized for his definition only addressing uncertainty and not exposure. 
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(Holton, 2004) ‘Risk’ cannot be defined with the consequence of the uncertainty. 

Modern definitions account for both variables as evidenced by the US 

Presidential/Congressional Commission on Risk Assessment and Risk Management 

(USPCC RARM) who defines risk as the probability that a substance or situation will 

produce harm under specified conditions. It states that risk is the combination of two 

factors: 

 The probability that an adverse event will occur. 

 The consequences of the adverse event (USPCC RARM in Jones, 2001) 

Birkman (2007:21) expands upon this definition by stating that “risk is generally 

defined as the product of the hazard probability and its consequences, risk can be 

viewed as the function of the hazard event and the vulnerability of the elements 

exposed.” A key term in Birkman’s definition is “vulnerability”. He continues in saying 

that “vulnerability as a subcomponent of risk”. (Birkman, 2007) The extent to which a 

company is vulnerable to a given risk is a concept that will be employed throughout 

the development of this research and warrants further examination into the meaning 

of the term.  

 

2.1.1 Risk and ‘Vulnerability’  

 

The Latin root of the term vulnerable is vulnus, meaning ‘a wound’. Vulnerabilis was 

used by the romans to describe the state of a soldier lying wounded on the battle 

field. Kelly and Adger (2000) interpret this meaning as vulnerability is defined by prior 

damage (the existing wound) and not by the future stress (any further attack). This is 

to say that vulnerability should be measured by the hazardous events that have 

already occurred and the lasting impact that they made rather than the potential 

future events. This contrasts further definitions of vulnerability which emphasize on 

the focus on future events and impact potential - “the degree to which a system, 

subsystem, or system component is likely to experience hardship due to exposure to 

a hazard, either a perturbation or stress/stressor” (Turner et al, 2003:8074)  

 

In the 70s and early 80s, vulnerability was equated with physical fragility or the 

likelihood of tangible damage being done (Birkman, 2007). Today the concept of 

vulnerability goes far beyond the damage to physical structures. (Bankoff et al, 2004) 

United Nations/ International Strategy for Disaster Reduction (UN/ISDR) define 

vulnerability as “the conditions determined by physical, social, economic and 
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environmental factors or processes which increase the susceptibility of a community 

to the impact of hazards.” (UNU EHS, 2012) – The hazard event is viewed to be 

external to the system or element at risk and vulnerability describes the conditions of 

the system or element at risk which will determine the degree of impact the hazard 

will make.  

 

Assessing vulnerability is very much dependent on which definition is being used. 

Kelly and Adger (2000) have divided the various methods of vulnerability assessment 

into three categories: those that regard vulnerability as a starting point, those that 

regard it as the focal point and those that regard it as an end point of the appraisal 

process.  

 

As a starting point: 

Blakie et al. (1994) define vulnerability in terms of the human dimension as 

‘the capacity to anticipate, cope with, resist, and recover from the impact of a 

natural hazard.’ The measure of the hazard is examined separately, but the 

level of vulnerability must be linked to a specific hazard or set of hazards. 

Vulnerability is a starting point to measuring the degree of risk. It is not 

dependent on predictions of adaptive behaviour.  

 

As a focal point:  

Vulnerability is the focal point of risk assessment most often in food 

insecurity, or famine, and natural hazards literature as well as some climate 

studies. (Kelly and Adger 2000) It is an overarching concept and is defined in 

terms of the exposure, the capacity to cope and the related long-term impact 

of a slow recovery. In this sense, vulnerability is equivalent to capacity to 

manage and recover from the natural hazard. 

 

As an end point: 

When vulnerability is being considered as an end point, it takes into account 

the subject’s adaptive abilities. As stated by Watson et al. (1996), vulnerability 

is “the extent to which climate change may damage or harm a system; it 

depends not only on the systems sensitivity [the degree to which a system will 

respond to a change in climatic conditions] but also on its ability to adapt to 

new climatic conditions” This makes it an end point of a sequence of analyses 

and is contingent on estimates of the potential climate change and adaptive 

processes. A level of vulnerability is determined by the adverse 
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consequences that remain after the process of adaptation has taken place. 

(Kelly and Adger, 2000) 

 

Vulnerability treated as an endpoint has proven to be most frequently adopted in 

relation to environmental vulnerabilities. Wisner (2002) notes the difficulties in 

recovering from the negative impacts of hazardous events as being part of 

vulnerability – coping and recovery must be part of the assessment. (Birkman, 2007) 

Further, Turner et al., (2003) argued that within the discourse of vulnerability in the 

global environmental change community, vulnerability must not only capture 

susceptibility and coping capacity, but also adaptive capacity, exposure, and the 

interaction with the perturbations and stresses. 

 

2.2 Risks in Bond Investing  

 

The review of literature investigating risk definitions provides us with a conceptual 

framework upon which to assess risk in several contexts. In the context of bond or 

fixed income investing, and specifically corporate bond investing, there are many 

risks which are relevant for assessment. A bond is a debt instrument issued by an 

organization as a means of raising capital (Fabozzi, 2007). A bond investor is 

therefore serving as a lender to the issuing organization and takes on several risks 

including the organization defaulting on its loan. Fabozzi (2007) discussed the main 

risks associated with bond investing:  

 Interest rate risk 

 Yield curve risk 

 Inflation/ purchasing power risk 

 Liquidity Risk 

 Credit Risk  

 Event Risk  

 

Interest rate risk, yield curve risk, inflation/purchasing power risk, and liquidity risk are 

largely concerned with technical data analysis. (Fabozzi, 2007). In the context of this 

study which will consider the integration of environmental risk considerations in bond 

investing, it is most relevant to further explore the remaining two which provide 

opportunity for more qualitative data analysis: ‘credit risk’ and ‘event risk’.  

 

2.2.1 Credit risk  
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Credit risk is the risk an investor takes on by buying a corporate bond and is the 

combination of three interrelated risks – default risk, downgrade risk and credit 

spread risk. (Briscoe and Fuller, 2007) Default risk is “the possibility that the issue of 

a bond might fail to repay its principal or interest as required under the terms of the 

agreement.” (Briscoe and Fuller, 2007:93) Downgrade risk is the “downward 

reassessment of the credit status of an institution by a credit ratings agency” (Briscoe 

and Fuller, 2007:328) A higher rated bond is considered less likely to default than a 

lower rated bond. Therefore if a bond is downgraded, it will signal to investors that 

the credit risk and default risks have increased. Credit spread is the difference 

between the price of a bond and its yield. (Briscoe and Fuller, 2007) The riskier the 

bond, the lower the price will be acting as a “premium” for investors willing to take on 

the added risk. If the value of a bond falls, then the yield will rise causing the credit 

spread to increase. Environmental factors will have an impact of each of these risks 

providing the argument that they should be considered in the credit research 

process. 

 

2.2.2 Event Risk 

 

Event Risks are related to unexpected, dramatic events hindering the firm’s ability to 

meet their financial obligations of the bond. Fitch defines it as “a term used to 

describe the risk of a typically unforeseen event which, until the event is explicit and 

defined, is excluded from existing ratings. Event risk can be externally triggered – a 

change in law, a natural disaster, a hostile takeover bid from another entity – or 

internally triggered , such as a change in policy on capital structure, a major 

acquisition, or strategic restructuring…Merger & acquisition risk is statistically the 

single most common event risk.” (Fitch, 2011:3)  

 

2.3 Credit Ratings as a Measure of Risk 

 

The complexity of bond risk requires extensive, time-consuming research not feasible 

for investors to be undertaking independently. This risk is therefore simplified into a 

series of research tools, namely credit ratings, which have a strong impact on the 

decisions made by investors as well as management in the issuing organization. 

(Bongaerts et al, 2012)  
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A credit rating is defined by Standard and Poor’s as “a forward-looking opinion about 

the creditworthiness of an obligor with respect to a specific financial obligation, a 

specific class of financial obligations, or a specific financial program.” (Standard and 

Poor’s, 2012) Credit ratings are the result of in-depth credit research process (see 

Section 2.3.1) performed by a credit rating agency (CRA) as a means to provide 

investors with a “snapshot” of the inherent risk of the bond. CRAs are able to gather 

all the public and private information of a particular bond and “convey them to the 

market through letters and symbols easily and quickly recognisable by market 

participants.” (Hovakimian et al. (2009) in Naeem, 2012:24) 

 

The strong influence of credit ratings on investment decisions has been the subject of 

a number of studies. For instance, Kisgen (2006) found that credit ratings “directly 

affect capital structure decisions in a way not captured by traditional capital structure 

theories.” (Bongaerts, 2012) This was further supported in his findings that 

“managers target credit ratings rather than debt levels or leverage ratios.” Steiner 

and Heinke (2001) found that “announcements of downgradings and negative 

watchlistings induce significant abnormal returns on the announcement day and the 

following trading days.” This suggests that investors are highly sensitive to changes 

in ratings and therefore perceive risks to be accurately portrayed through the 

decisions of CRAs.  

 

2.3.1 The Credit Research Process 

 

 A credit rating is assigned based on detailed research performed by the rating 

agency – namely Moody’s, Fitch, and Standard & Poor’s who currently dominate the 

credit rating market. The ratings are highly subjective and have been riled with 

criticisms over the past decade (Partnoy, 1999); however they are still widely 

regarded by investors as a valid indication of the strength, or weakness, of the bond. 

(Bolton et al., 2012) With investors often lacking the resources to perform the 

extensive research themselves, they must rely on the opinions of the rating agencies 

to influence their investment decisions. This emphasizes the importance of effective 

and comprehensive research methodologies for assigning credit ratings – inclusive of 

environmental risk considerations. 

 

The credit research and analysis process considers a “multitude of quantitative and 

qualitative factors over past, present, and future” (Fabozzi, 2007). Traditionally, credit 
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analysis has rested on what is known as the “4 C’s of Credit”: Capacity, Collateral, 

Covenants, and Character. (Fabozzi, 2007) 

 

Capacity is simply put as the capacity of a firm to service its debt without 

undermining its ability to continue operating as a business. This is to say that 

they must have sufficient cash flows to meet their bond’s interest payments 

and repay the loan amount at maturity. 

 

Collateral is the value of the assets that the firm holds in relation to the debt 

that they currently have. The stronger the collateral behind the loan, the less 

risky the debt is from the perspective of the lender.  

 

Covenants are the legal terms and conditions associated with the bond. They 

clearly define what the bond issuer can and can’t do and must be followed to 

avoid triggering immediate repayment.  

 

Character is the most qualitative of the analytical factors and is related to the 

reputation of the management. Historic behaviour is meant to provide insight 

into the quality of management the issuing firm is providing. This is often 

related to corporate governance – a non-financial issue – but greatly 

influences assessment of credit risk.  

 

These ‘4 C’s of Credit’ are the tools by which each rating criteria is measured. This 

research will show that the tools of ‘Capacity’ and ‘Character’ are most relevant for 

incorporating environmental risk considerations into the credit research process. 

 

The methodologies used by credit rating agencies are also relevant for 

understanding the analysis of risk and assignment of a rating. Between the three 

rating agencies, there is no standardized framework followed when assessing 

companies, highlighting their inevitable subjective nature. However, common criteria 

and general principles can be found throughout each of the methodologies. They 

consider the wider competitive and operating environment for environmental 

strengths/ risks as well as specific firm-level environmental strengths/ risks. (Fabozzi, 

2007) Table 1.1 below presents a sample of specific rating criteria used by two of the 

primary rating agencies: 
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Table 1.1 Credit Rating Criteria 

Competitive and Operating Environment Company Financial Risk 

Fitch: 

 Industry Risk 

 Operating environment 

 Company profile 

 Management strategy/ governance 

 Group Structure 

Fitch: 

 Cash flow & earnings 

 Capital structure 

 Financial flexibility 

Standard and Poor’s: 

 Country Risk 

 Industry Factors 

 Competitive position 

 Profitability/ peer group comparisons 

Standard and Poor’s: 

 Governance/ Risk tolerance/ 

Financial policies 

 Accounting 

 Cash flow adequacy 

 Capital structure/ Asset protection 

 Liquidity/ Short-term Factors 

       Source: Fitch, 2012; Standard & Poor’s, 2012 

  

This section has reviewed the importance of credit ratings in the investment process 

and outlined the current methods for credit research by CRAs. It reviewed several 

types of risks considered in the process and the specific rating criteria used to 

determine the riskiness of bonds. The consideration of risks relating to environmental 

factors has not yet been explicit. In the next sections we will review the importance of 

environmental considerations and their current influence on a corporation’s credit 

rating.   

 

2.4 Environmental Risk and Financial Performance 

 

A significant body of literature has focused on drawing correlations between the 

environmental and financial performances of corporations. Beginning in the 1970s 

with work by Bragdon and Marlin (1972) and Spicer (1978), the argument that a 

positive relationship exists has been proven by academics through a series of, mostly 

quantitative, studies. (McGuire et al, 1988) Bragdon and Marlin (1972) and Spicer 

(1978) both concluded that better pollution-control records resulted in higher 

profitability. (McGuire et al, 1988) However Chen and Metcalf (1980) contested these 

conclusions by using the same data to disprove the positive correlation. These early 
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authors set the stage for the ongoing debate which has gained significant traction 

over the past two decades.  

 

The 1990s saw rapid growth into this area of research with studies evaluating both 

the traditional accounting measurements and market-based measures so as to 

demonstrate financial performance from several angles. For example, Nehrt (1996), 

Hart and Ahuja (1994), Stamwick and Stamwick (1998) and Russo and Fouts (1997) 

found that positive environmental behaviours, such as investing in clean technologies 

and taking initiatives to reduce pollution, led to more profitable companies. These 

authors relied on ROE and profit growth, common accounting measurements, to 

demonstrate this positive financial performance.   

 

To further support the positive correlations, market-based measures, such as stock 

returns and market value, were also chosen. Cohen, Fenn, and Naimon (1995) found 

that low pollution firms supplied better returns than their high-polluting peers. Klassen 

and McLaughin (1996) and White (1995) reported that stronger reputations regarding 

compliance with environmental legislation and gaining recognition for positive 

environmental impacts had a positive effect on market returns. Further, Hamilton 

(1995) and Bosch et al. (1998) evaluated the reputational damages associated with 

poor environmental performances and concluded that corresponding declines in 

market value were evident.  

 

Although less frequent, there have been a number of pieces of literature exploring 

this relationship from a qualitative research perspective. Hart (1995) an Porter and 

van der Linde (1995) attributed strong environmental performance to increasing 

competitive advantage and thus market value of the firm. In a related sense, Petrick 

et al. (1999) and Waddock and Smith (2000) proved that exceptional environmental 

management would lead to reputational gain again increasing competitive advantage 

and financial return. The authors of these works achieved this by theorizing the basis 

for competitive advantage as being rooted in good management practices and 

applied it to environmental management decisions within a firm. 

 

As a result of the continued empirical and qualitative evidence, it is now generally 

accepted that a positive correlation between environmental performance and 

financial performance exists. This previous literature sets a solid foundation for the 

case that investments in environmental initiatives result in increased financial returns 

as a result of strengthened reputation and increase operational efficiency.  
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However, using ROE, profit growth, returns and market value as measurements for 

financial performance of the firm presents a significant issue when evaluating against 

environmental performance. These methods depend on historic data to draw 

conclusions about the financial strength of the firm and therefore are reflective of the 

firms’ strength at that given moment. It presents a very short-term view of the firm’s 

performance which would not be as useful to investors or the firm’s management 

when making future decisions about the direction of the firm. Due to the fact that the 

impact of environmental liabilities and investments in new environmental initiatives 

are often felt across a much longer timescale, it would benefit the research to focus 

on financial performance metrics addressing the future outlook of the firm’s strength. 

Examples of such measurements include the firm’s capital cost and credit ratings. 

 

Feldman et al. (1997), Christman (2000) and Sharfman and Fenando (2008) 

acknowledged the need for a different set of metrics and contributed to the debate by 

focusing on how environmental performance impacted the cost of capital for a firm. 

This methodology for determining financial wealth is interesting because the cost of 

capital is “the expected rate of return demanded by a firm’s investors for the capital 

they provide to the firm…it is the rate that investors use to discount a firm’s future 

cash flows.”(Italics added) (Sharfman and Fernando, 2008:572). The cost of capital 

measurement does not base itself on historic or the current quarter’s financial 

performance but rather the future expectations of the firm’s performance. This is an 

area where measuring risk and vulnerability to future hazards – in particular 

environmental hazards - is most essential.  

 

In Feldman’s (1997) study ‘systematic risk’ was assessed over two time periods – 

before a firm adopted an environmental management process and after the process 

was in place. He concluded that environmental management systems which were 

progressive in the sense that they covered all stages of design and production – a 

novelty at the time – resulted in improved environmental performance which signaled 

to the capital markets that their systematic risk had been lowered.  This resulted in a 

reduced cost of capital of, on average, 13%. Feldman concluded that this lowered 

cost of capital was equivalent to a 5% increase in market value.  

 

Sharfman and Fernando (2008) focused on whether investors risk perceptions of the 

firm were changed based on changes in environmental performance and established 

risk management systems. They concluded that firms which have developed a 
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strategy for environmental risk management have improved their total risk 

management which is positively received by the markets. There is emphasis on the 

impact to the equity markets – which had been a general trend throughout most of 

the literature on environmental and financial performance. The research on the debt 

markets is significantly lagging with a small number of studies looking at the fixed 

income markets. 

 

2.4.1 Environmental Risk and Fixed Income 

 

Fixed income represents a substantial portion of investors’ portfolios however 

research involving environmental risk has historically favoured other asset classes 

such as listed equity, infrastructure and real estate as seen in the literature analysed 

in section xx. This can be attributed to the fact that fixed income is a relatively less 

risky asset and therefore it is believed that environmental risks play a smaller part 

than they would in an equity asset.  Due to its low risk, many investors rely on fixed 

income, in the form of corporate and government bonds, upon which to build their 

portfolios. (Fabozzi, 2007) The risk of the more volatile asset classes are expected to 

be absorbed by fixed income. (Fabozzi, 2007) While this often proves to be a feasible 

strategy, it is also true that fixed income recovers from traumatic events at a much 

slower rate. Therefore the financial impact of an environmental hazard will be felt 

over a much longer period of time warranting attention in this area. 

 

Recently, the United Nations Principles for Responsible Investment established the 

Fixed Income Working Stream. This work stream aims to raise awareness and 

develop support systems for sustainable investment in this asset class. (UN PRI, 

2012) This supports the argument that fixed income is an asset class where 

sustainability and environmental risks must be considered. While governance issues 

and fixed income have been studied (Bhojraj and Sengupta, 2001; Ashbaugh-Skaife 

et al., 2005) as well as social issues (Menz, 2010; Goss and Roberts, 2011), 

environmental issues are still lagging. Chava (2011), Bauer and Hahn (2010), 

Schneider (2010), Graham et al. (2001), and Graham and Maher (2006) are some of 

the few authors addressing this gap in the literature.  

 

Chava (2011) attempted to address this gap by examining whether a relationship 

existed between the environmental profile of a firm and its cost of capital particularly 

related to loan spreads. He constructed environmental profiles for bank loans based 

on environmental concerns and strengths that the firm demonstrated and compared 
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them against bank loan data. He concluded that higher environmental concerns 

resulted in higher interest rates and increased loan spreads suggesting a positive 

correlation This goes against the findings of Feldman et al. (1998) and Sharman and 

Fernando (2008) by stating that those firms demonstrating environmental strengths 

did not benefit from lower costs of capital. Although he did find evidence of 

decreases in loan spreads suggesting that the debt market reacts positively as a 

result of positive environmental performance and negatively for increased 

environmental risk.  

 

Bauer and Hann (2010) assessed the credit risk implications of corporate 

environmental management for bond investors.  Environmental concerns and 

strengths are evaluated for each company and measured against the cost of debt 

financing, bond ratings, and long-term issuer ratings. Results showed firms with more 

environmental concerns have a higher cost of debt financing and lower credit ratings 

and that proactive environmental engagement leads to a lower cost of debt financing.  

Results did not prove that the impact of environmental management is stronger for 

firms that operate in environmentally risky industries. Further, it highlighted that the 

impact on environmental performance has increased over the past decade due to 

increased investor awareness of environmental issues such as climate change.  

 

Schneider (2010) studied whether the environmental performance of a firm is linked 

to its bond yields through case studies of the US pulp and paper and chemical 

industries. It found that firms with superior environmental performance have lower 

bond yields relative to bonds with lower environmental performance. It concluded that 

the higher the quality of the bond assigned, the less impact its environmental profile 

had on its pricing in the market. 

 

Graham et al. (2001) assessed whether environmental risks were taken into account 

in the credit ratings of newly issued corporate bonds. As a measurement of 

environmental liability, they relied on data from the U.S. Environmental Protection 

Agency (EPA). The EPA measure environmental liability based on involvement with 

Superfund sites, Graham et al. found that credit ratings were indeed directly related 

to the {Environmental?} rating of the firm’s bond. They established a strong link 

between the number of notice letters received through the Superfund program 

regarding expensive cleanup costs associated with Superfund sites and the credit 

rating.  
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Graham and Mauer (2006) wrote a second piece of work assessing bond ratings to 

follow up on their 2001 publishing. They re-examined the relationship between 

environmental liability obligations to bond ratings and bond yields. In line with their 

first findings, they concluded that the Environmental Protection Agency (EPA) 

estimates of a firm’s environmental remediation liabilities were positively related to a 

firm’s bond rating and to bond yields when assessed separately. New to this piece of 

work, they found that when in the presence of bond ratings, EPA estimates of a firm’s 

environmental liabilities are not positively related to bond yields. This suggests that 

environmental issues are only worthwhile for consideration when there is the direct 

threat of financial liability in existence – i.e. legislation imposing penalty fines for 

violations of established environmental laws.  

 

Chava (2011), Bauer and Hahn (2010), Schneider (2010), Graham et al. (2001), and 

Graham and Maher (2006) provide useful insight into the consideration of 

environmental risk in the credit research and rating processes. However, there are 

several limitations which reveal themselves in these works and provide areas for 

future research. One major limitation was that all of these authors carried out their 

studies on U.S. firms. As proven by Graham and Mauer (2006), the established 

legislation in the U.S. has provided a material financial liability making it easier to 

draw correlations between the data sets. In order to prove that there is indeed a 

relationship between environmental risk and the assigned credit rating to a particular 

corporate bond, it would be useful to study a different operating environment and test 

the theory. This concept of contextualization also presents when studying a high risk 

industry as opposed to a mixed portfolio of subjects. Focusing on an industry with 

more significant environmental risks present may provide deeper insight into the 

extent to which that risk is represented in the credit rating. It may also allow the 

opportunity to assess the effectiveness of risk mitigation initiatives between firms 

operating in the same operational and regulatory environment. The ability to mitigate 

risk and adapt when and if an environmental disaster occurs is an area that has not 

been extensively researched and yet, based on the definitions of risk and 

vulnerability examined in Section 2.1, is an important element of a firm’s strength 

against environmental hazard.      

 

2.5 Summary 

 

This literature review has provided the justification and framework for the preceding 

research. It has explored the definitions of risk in terms of vulnerability to future 
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hazards and reviewed the various means of predicting and measuring these risks 

found in previous literature. It introduced the concept of credit ratings as a perceived 

indicator of financial strength for investors, regulators, and corporations and 

highlighted the importance of accuracy in the credit research process. It then 

continued by exploring the relationship between environmental performance and 

financial performance to support the argument that environmental risk could have an 

impact on the financial stability of a firm. However the consideration of environmental 

risk in the credit research and rating process is an area which has gained little 

attention in previous literature. A critical review of the existing research reveals a gap 

which this study aims to address. In particular, this research will aim to build upon the 

conversation presented by Graham et al (2001) and Graham et Meyer (2006) that a 

relationship exists between a bond’s credit rating and the perceived environmental 

risk of the issuing firm.   
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CHAPTER 3: RESEARCH METHODOLOGY 
 
As outlined by the existing literature presented in Chapter 2, environmental factors 

have a proven impact on the financial performance of a firm. An extension of this 

relationship considers environmental risk as an element of the overall financial risk 

exposure. As an accepted means of deciphering risk in fixed income assets, 

investors rely upon the accuracy of the credit research and ratings process to provide 

a thorough assessment of the financial stability of their bond investments. The aim of 

this empirical analysis is to determine how represented environmental risk is in the 

credit research and rating process. Specifically, the research aims to address the 

following questions:  

 

 How are environmental risks considered in the credit research and rating 

processes of corporate bonds? 

 How might the environmental riskiness of a bond issuer be determined? 

 What existing relationships are present between the environmental riskiness 

and the credit rating of a bond issues? 

 

In this section, the methods and techniques chosen to form the research design of 

the study are presented. The justifications, as well as the limitations, of the strategy 

and approach as discussed to provide the structure upon which the study will be 

performed.  

 
3.1 Research Design and Approach 
 
The research design is a critical element of the research process. Decisions made at 

this stage shape the collection and analysis of data which will ultimately have an 

effect on the outcomes of the study. The research design will “reflect decisions about 

the priority being given to a range of dimensions of the research process.” (Bryman 

and Bell, 2007:40) With the research questions and objectives in mind, a case study 

was determined to be the most appropriate.   

 

“Case study research consists of detailed investigation, often with data collected over 

a period of time, of phenomena, within their context.” (Hartley, 1994:323) In the 

context of this research, a case study will allow the investigation of risk within a 

controlled environment, the case, and allow for conclusions to be made pertaining to 

the defined research questions. The case study will be instrumental such that 
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although a particular case will be studied in depth – environmental risk and credit 

ratings of UK Electricity Generators – the main focus is providing insight to a wider 

issue – environmental risks considerations in credit ratings. (Thorpe and Holt, 2008) 

 

A case study is particularly relevant in the study of environmental risk because of the 

uncertainties and ambiguity associated with Climate Change and its impact on future 

environmental risks. Phenomena that are little understood; phenomena that are 

ambiguous, fuzzy, even chaotic; dynamic processes have greater benefit from case 

studies than that of defined and understood phenomena because of the large 

number of variables and complex relationships. (Thorpe and Holt, 2008:38) However, 

a case study is not a research method but rather a flexible research design. Within 

the case study, a research method must be determined for data collection and 

analysis. Again with the research objectives in mind, a mixed methods approach was 

adopted as the most suitable format.  

 

A mixed methods approach is the use of both quantitative and qualitative research 

methods within a single project. “Mixed methods are typically employed in applied 

settings where it is necessary to draw on multiple data sources to understand 

complex phenomena” (Thorpe & Holt, 2008:135) Gill and Johnson (2010) 

acknowledge the growing importance of research integrating quantitative and 

qualitative methods while Hammersley (1996) highlights the three main rationales for 

taking such an approach: triangulation, facilitation and complementarily. (Thrope and 

Holt, 2008) In this study, the reasoning behind mixed methods was for complement. 

Qualitative and quantitative methods provide different sorts of information which help 

in the interpretation of the other or “filling in the gaps”. (Bryman and Bell, 2007)  

 

As determined by the literature review in the previous chapter, a limitation to the 

research of environmental risk measurement is the highly qualitative nature of the 

environmental data and quantitative nature of the financial data. By approaching the 

study with mix methods, the researcher will attempt to address this barrier.  

  

The research strategy presented below will detail the structure of the study and 

outline how each of the qualitative and quantitative methods were employed 

throughout the data collection and analysis.   

 

3.1.2 Research Strategy 
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Case studies can be at different levels: Industry, a company within an industry, 

department, process or individuals (Thorpe & Holt, 2008:38). Within this study, an 

industry-level case study and multiple company-level case studies were conducted to 

address the research questions.  To efficiently address the research questions, the 

researcher has divided the research into three phases: 

 

The first phase, discussed in sections 3.2.2 and 4.1, provides an overview of the 

environmental risks - both operational and regulatory - being faced by the chosen 

sector.  This will be accomplished through a qualitative, documentary analysis of 

industry-level reports, regulation guidance and environmental research pertaining to 

the sector. This phase of the case study will be facilitate an understanding of the 

most substantial environmental risks currently faced by the sector and those 

additional risks expected to become significant in the long-term as a result of a 

Climate Change.  This section will uncover means for measuring and mitigating each 

risk within the context of the sector and will provide a framework which will be used to 

perform a content analysis of company-level documents in section two.  

 

The second phase, discussed in sections 3.3.3 and 4.2, builds upon the sector-level 

case study findings by introducing company-level data. Once again, documents will 

be relied upon to gather empirical data measuring the vulnerability to risk of 

companies operating in the sector. The documentary analysis of company-level 

reports and, where necessary, websites addressing environmental risk and the 

mitigation efforts being taken will be broken into two parts: 

 

Part A will collect primarily quantitative data addressing the likelihood and 

consequence of each of the identified environmental hazards. A current risk 

level will serve as a baseline while projected future risk levels will consider the 

effects of Climate Change – both operationally and regulatory. 

 

Part B will extend the documentary analysis to evaluate the mitigation efforts 

in place to address the future risk of environmental hazards. This will rely 

heavily on content analysis using the framework established in phase one to 

“make replicable and valid inferences regarding the relationship between the 

content of the document and the context” (Krippendorff (2004) in Thorpe and 

Holt, 2008:58) 
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As identified by the review of previous literature, vulnerability to risk is inclusive of 

several characteristics: susceptibility, exposure, coping capacity, adaptive capacity 

and interaction with the risk. (Turner et al., REF) While Part A will assess 

susceptibility, exposure, and coping capacity, Part B will aim to measure the adaptive 

capacity and interactions with the hazards as a means of risk mitigation.  The overall 

aim of this section is to identify the level of riskiness associated with each of the 

chosen subjects and draw conclusions about the variations of environmental risk 

levels among peer companies operating in the same sector. The data will be 

transformed into an “environmental risk score” which will allow for further analysis in 

section three.   

 

The third phase, discussed in sections 3.3.4 and 4.3, takes the company-level data 

collected in sections two and adds an additional layer of information by incorporating 

the credit ratings for each the chosen companies. The aim of this final phase will be 

to use the data collected from phase one and two to uncover relationships between 

environmental risk and credit ratings. To accomplish this, the researcher will employ 

a series of simple bivariate linear regression models.  

 

A bivariate regression analysis is a quantitative research method “in which the form 

of the relationship between a dependent variable and one or more independent 

variables is established so that knowledge of the values of the independent variables 

enables prediction of the value of the dependent variable or likelihood of the 

occurrence of an event if the dependent variable is categorical.” (Patton, 1980). In 

the context of this study, the credit ratings of each of the companies will serve as the 

dependent variable, while the environmental risk scores will serve as the 

independent variables. The results will determine predictions of environmental risk 

based on the assigned credit score – i.e. high environmental risk will result in a low 

credit score.  

 

The research will first perform regression analysis of the environmental risk scores 

from Part A against the credit ratings and discuss the findings for both current risk 

and future risk. Then the researcher will then consider the qualitative data from Part 

B and determine if adjustments to the future environmental risk scores are warranted 

based on mitigation efforts and how this could alter the results of the regression 

analysis.    

 

3.2: Data Collection  
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3.2.1 Selecting the case  

 

In selecting a case, the researcher aimed to choose an industry which, at a sector 

and company level, would easily allow the research questions to be addressed.  The 

researcher decided on the energy sector for a number of reasons including its status 

as a privatized industry, its sizable influence on the economy and investment capital 

it attracted, the dependencies of several other industries on its stability, and its 

reputation for being a primary contributor to the detrimental effects of Climate 

Change (McColl et al, 2012). The sector was narrowed down to focus on the energy 

sector in the UK to offer insight into companies operating in a small geographic area 

limiting any differences in operational and regulatory environments which may affect 

the results of the study. When choosing a case study, it is important not only to keep 

the research questions in mind, but also the time constraints and access to 

information (Stake, 200 Further narrowing to focus solely on the UK Energy 

Generators was decided based on the importance of energy generation along the 

electricity supply chain and the access to publicly available, company-level 

information applicable to the study.   

 

3.2.1.1 Overview of the UK Energy Sector 

 

UK Energy Sector is a multi-billion pound industry contributing to 3.7% of the 

United Kingdom’s Gross Domestic Product (GDP) making it a key component 

of the UK economy. (DECC, 2010c). It is critical sector depended on by 

individuals and businesses alike to meet basic human needs and enable 

economic growth. The sector is composed of companies involved in every 

stage of the energy supply process from extracting the natural resources 

through such activities as oil drilling down to the delivery of gas and electricity 

to consumers’ homes and businesses.  

 

However, the future stability of the sector is unclear with the UK’s energy 

security being under massive threat primarily due to the effects of Climate 

Change. With temperatures and sea levels rising and the increased frequency 

of catastrophic environmental events, the environmental risks faced by the 

UK Energy Sector are growing in significance. Locally, the energy sector is 

threatened by the changing climate of the UK endangering their ability to 

source energy from domestic sources. This will increasing their dependability 
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on imported and traded energy – an environment which will also be 

experiencing threats from Climate Change: “Although many countries have 

established international trade links, climate change could disrupt existing 

agreements by changing energy requirements and therefore affecting how 

much energy is available to trade. (McColl et al., 2012) Additionally, climate 

change could result in non-energy related political tensions between countries 

that could then spill over the energy domain.”  (McColl et al., 2012) 

 

Further, as the largest producer of carbon emissions in the UK, the energy 

sector is scrutinized for their contribution to the detrimental effects of Climate 

Change and have consequently become a target of recent regulation (McColl 

et al, 2012.) making them ideal for a case study in this topic.  

 

 

The electricity industry in particular comprises four stages: generation, 

transmission, distribution and supply. (McColl et al, 2012) Generation 

is the production of electricity in power stations and although many 

electricity companies will serve in several of these categories, energy 

generation is arguably where the most environmental risk is present 

due to its extensive physical assets (power plants) and its influence 

over the rest of the supply chain.  

 

In 2008, the Climate Change Act was enacted by Parliament providing a legal 

framework for ensuring that the UK Government meets its commitments to 

tackle climate change. (McColl et al, 2012) Part of the Climate Change Act 

requires the Secretary of State to lay before Parliament assessments of the 

risk posed to the UK by climate change. As a result, power generation 

companies were required to report on how their companies are assessing and 

mitigating the risks being brought on by Climate Change.  To aid in the ease 

of data collection, it was decided to assess only those companies which were 

required to submit such a report, which came to be known as a “Climate 

Change Adaption Report”. Under the 2009 Strategy for using the Adaption 

Reporting Power, reporting authorities were deemed to be electricity 

generating companies who produced an annual output in excess of 10 TWh. 

(Defra, 2012) Nine electricity generators fall under this criterion: 

 

 Centrica Energy (British Gas) 
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 Drax Power Limited 

 E.On Power 

 EDF Energy 

 Intergen 

 International Power (GDF SUEZ) 

 npower (RWE) 

 Scottish Power 

 Scottish and Southern Electricity (SSE) 

 

3.2.2 Sector-Level Environmental Risk 

 

To accurately identify the environmental risks, and corresponding mitigation efforts, 

faced by the UK Energy Sector, external documents (secondary data) was collected 

from various entities which either have an influence on the operating and regulatory 

environments of the UK energy sector or have an interest in the protection of 

environmental assets in the UK. The topics being highlighted by industry bodies such 

as government regulators and environmental experts have an influence on the 

environmental risk metrics that are employed by independent companies and the 

management decisions that are made surrounding the mitigation efforts of these 

risks.  

 

Data sources included the Department of Environment, Food, and Rural Affairs 

(Defra) which develops regulatory policy related to energy efficiency, climate change 

and the protection and improvement of air quality (Defra, 2012);  the Department of 

Energy and Climate Change (DECC), which has a major role in promoting renewable 

sources of electricity and plays a role in planning policy which includes issuing 

regulations for construction consent for generating stations (DECC, 2012); the 

Environment Agency (EA), which is the principal environmental regulator in England 

and Wales (EA, 2012); the Met Office, which hosts the National Climate Information 

Centre providing national and regional climate information for the United Kingdom 

(Met Office, 2012); and MSCI which provides independent environmental  research 

for investors.  

 

A full list of analysed documents is presented in Table 3.1.    

 

Table 3.1 Documents consulted for sector-risk analysis 
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Source Document Title Publication 

Date 

DECC UK Energy in Brief  July 2012 

Defra Adapting to Climate Change: helping key sectors 

to adapt to climate change 

March 2012 

MSCI Industry Report: Electric Utilities – International February 2012 

Defra 

(McColl et al.) 

Climate Change Risk Assessment for the Energy 

Sector 

January 2012 

DECC Energy Sector Indicators 2012 2012 

MSCI Industry Report: Energy Equipment and Service December 2011 

Met Office  Risks of dangerous climate change 2010 

Met Office Safe Keeping 2009 

EA Climate Change Adaptation Strategy (2008-11) 2008 

 

It was important to choose documents from sources relevant to the case. As such, 

the choice of documents was limited to UK regulators of the energy sector (DECC, 

Defra, and EA), environmental researchers with a UK focus (Met Office) or 

investment-related focus (MSCI).    

 

3.2.3 Company-Level Environmental Risk 

 

Data collection at the company level also employed publically available documents. 

This form of secondary data was chosen because it provided insight into the 

environmental riskiness of the firms without direct access being needed which suited 

the time constraints of the study. 

 

There were a total of nine Climate Change Adaptation Reports collected which 

reported on between 8 and 34 environmental risks faced by each of the largest UK 

energy generators on a case-by-case basis as a result of their independently run risk 

assessments of their power plants.  Further, the energy generators presented their 

efforts, at the sector and company-level, to prepare for the Climate Change impacts 

on their operations as a means to mitigate this risk.  

 

Data was self-reported by the companies between July and November 2011 and 

published in December 2011. The limited timeframe for submission offers a 

controlled snapshot of the industry at a specific point in time and should minimize the 

amount of variation between reporting companies as a result of external factors.     
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Consultations with the industry had lead to the framing of the scope for the reports. 

(Defra, 2012) This was lead by Association of Electricity Producers Working Group 

on Resilience and Adaptation (AEP WGREAD) who ultimately released the 

framework for the reporting authorities to follow. It was decided that each company 

would provide climate change risk assessments of their operations for all plants that 

exceeded 100MWe capacity, on the grounds of proportionality and that the reports 

would be limited to existing power stations. (Defra, 2012) Power stations expected to 

close before 2015 would be excluded due to the justification that the Climate Change 

impacts felt before these plants were decommissioned would not be significant. 

(Defra, 2012) Based on these guidelines, a total of 65 power plants were assessed – 

a full list of the assessed power plants is found in Appendix A.  

 

The first stage of the content analysis considered the levels of environmental risk 

within the framework set out in the sector-level analysis. The reports began by 

measuring the current risks being faced by the generators so as to set a baseline of 

risk levels against which to compare the expected future impacts of climate change. 

The timescale deemed appropriate for future risk assessments was a 30 year period 

from 2010-2039. This was chosen based on the data available pertaining to climate 

change projections from such sources as the United Kingdom Climate Impact 

Projections 2009 (UKCIP09). This period, known as the 2020s, represents a valid 

timescale with minimal uncertainty from which much of the existing and impeding 

regulatory and operational planning is being based. For the purpose of this study, 

which is looking at credit ratings in relation to fixed income assets, the 30 year period 

is also very appropriate because of the long timeframe of bond maturity.  

 

 The adopted methodology for risk assessment was as follows: 

 

- A score between 3 and 10 would be assigned pertaining to the likeliness of 

the environmental hazard occurring with 3 being improbable and 10 being 

definite. (see Table 3.2) 

- A score between 3 and 10 would be assigned pertaining to the severity or 

consequence of the environmental hazard occurring with 3 being negligible 

and 10 being catastrophic. (see Table 3.2) 
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Table 3.2: Likelihood and Severity of Incident Scoring Guide 

Likelihood of incident Score Severity of incident 

Definite 10 Catastrophic 

Highly probable 9 Major 

Likely 8 Serious 

Probable 5 Moderate 

Low probability 4 Minor 

Improbable 3 Negligible 

Source: Centrica, 2011 

 

These scores would be then be multiplied to form an overall risk score for the hazard 

being evaluated with 9 being the lowest risk (likelihood of 3 x severity of 3) and 100 

being the highest risk (likelihood of 3 x severity of 3). (See Table 3.3) 

 

Table 3.3: Environmental Risk Scoring Guide 

Risk = Likelihood x Severity 

Very low risk <20 

Low risk <30 

Moderate risk <50 

High risk <90 

Very high risk >90 

     Source: Centrica, 2011 

 

The content analysis is extended to reveal the mitigation efforts being carried out by 

each of the chosen firms. The Climate Change Adaptation Reports provide a strong 

base of information which is measured against the criteria set forth by the sector-

level analysis. Where the Adaptation Report does not supply adequate information 

regarding a firm’s mitigation, additional sources of secondary data were consulted to 

supplement - namely company websites, annual reports, and CSR reports.  These 

sources offer additional depth to the research in that and will likely provide new 

information not disclosed in the government mandated report. 

 

3.2.4 Credit Ratings 

 

These credit ratings are publically available from the associated CRA’s website. Each 

credit rating agency (CRA) evaluates a firm’s credit riskiness based on their own 

research methodology and has an established set of ratings using alphabetical 
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characters. Fabozzi (2007) provides a full list of the ratings in their appropriate 

ranked order for each of the three CRAs with the equivalent scores from their peers 

(See Table 3.4).  

 

Table 3.4 Credit Ratings of UK Energy Generators 

Energy Generator Moody's Standard & Poor’s Fitch 

Centrica A3 A- A 

Drax Ratings Withdrawn BB+  

E.On A3 A- A 

EDF A3 A A+ 

InterGen Ba3 BB-  

International Power Baa2 A  

npower A3 BBB+ A- 

Scottish Baa1 BBB+ BBB+ 

SSE A3 A- A- 

 

 

It must be noted that the credit ratings for three of the nine energy generators was 

not available from Fitch. This was determined to have a low significance because 

evidence suggests the S&P and Moody’s are more highly regarded by investors with 

Fitch typically playing the role of a "third opinion" for large bond issues (Bongaerts et 

al., 2012) 

 

3.3 Data Analysis   

 

3.3.1 Analysis of Sector-Level Data  

 

The analysis of sector-level information was necessary to provide a framework for 

further analysis at the company-level. The documents (presented in Table 3.1) were 

assessed using thematic analysis to derive conclusions. This is a ‘common, 

appropriate and important method for analysing data’ (Bailey, 2007:152) involving the 

makings of ‘constant comparisons’. (Strauss and Corbin, 1994) By notating 

similarities in the risks being discussed by the regulators and environmental experts, 

the researcher is able to identify the primary climatic hazards faced by the UK energy 

generators. The thematic analysis of these documents will reveal the riskiest 

environmental impacts being faced by energy generators and identify the most 
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commonly accepted means of mitigating these risks by the companies operating 

within their sector. These findings are discussed in section xx.  

 

3.3.2 Analysis of Company-Level Data 

 

The Climate Change adaptation reports were further analysed using content analysis 

to determine the risk mitigation efforts being undertaken by each of the nine reporting 

companies. “Content analysis refers to the analysis of the content of both written and 

non-written documents. Within this technique, the contents of each document are 

quantified objectively in a systematic and replicable manner using predetermined 

categories, thereby allowing the data to be analysed quantitatively.” (Thorpe and 

Holt, 2008:58)  

 

The reports loosely followed the same structure for measuring environmental risk 

allowing the researcher to compare data amongst peers within the sector. However, 

interpretation of the reporting guidance led to several discrepancies. These 

discrepancies included some companies providing data at the plant-level with others 

aggregating it to the company-level. It also included differences in the specific risks 

which were reported on with some being divided into smaller sub-impacts and others 

being combined based on their climate hazard.  

 

To ensure uniformity across the data, the researcher applied the following 

methodology which was sourced from the AEP WGRP guidance and found in several 

of the Climate Change Adaptation Reports (SSE, 2011; International Power, 2011): 

 “Where generic risks that have been sub divided, the highest specific risk 

rating for the site has been used in the weighting process. 

 Where two generic risks have been integrated into one specific risk the same 

rating has been used for the two generic risks 

 Where additional specific risks have been identified they have been allocated 

into an appropriate generic risk 

 In all cases above the highest specific risk rating associated with the generic 

risk has been used in the weighting process 

 To evaluate a company score for each generic risk each site generic risk has 

been weighted with the site electrical capacity (MW).”  
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The capacity of each plant which was used for weighting the environmental risk 

scores when necessary can be found in Appendix A.  A full list of the manipulations 

made to the environmental risk data is itemized by energy generator in Appendix B.   

 

Ultimately, analysis of these documents provided the researcher with one score for 

each of the seventeen identified environmental risks across each of the nine energy 

generators. These findings are discussed in Section 4.2. 

 

Each of the nine reporting companies was further evaluated against the 

predetermined mitigation strategies identified in Section 4.1.  Content analysis of the 

Climate Change Adaptation Reports, websites, and annual reports revealed the 

mitigation efforts being undertaken by each company. The data was coded to allow 

for comparison between the firms. By quantifying the data, relationships can be more 

easily drawn out. It was decided to award negative scores for mitigation efforts being 

that mitigation will lower the riskiness of the firm. 

 

The coding methodology was as follows: 

 Where the energy generator demonstrated mitigation efforts above the sector 

standards a score of -0.02 was awarded; 

 Where the company participated in sector-wide initiatives for environmental 

risk mitigation, but did not demonstrate any company-level efforts to set them 

apart from their peers a score of -0.01 was awarded;  

 And lastly, where the company had no evidence of a particular mitigation 

effort being performed a score of 0 was awarded. (See Table 3.5) 

 

The aggregate scores would be factored into the analysis in phase 3 

 

Table 3.5 Environmental Risk Mitigation Scoring Guide  

Mitigation Level Score 

Mitigation efforts evident at company level -0.02 

Sector-wide mitigation efforts only -0.01 

No mitigation efforts evident 0 

 

The content dissected for coding can be found in Appendix C. Ultimately, a 

composite ‘risk mitigation’ score was calculated for each company and the findings 

are discussed in Section 4.2. 
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3.3.3 Analysis of Credit Rating Data 

 

This study aims to show the relationship between the level of environmental risk and 

the level of credit risk reflected in a company’s credit rating. To achieve this, a series 

of simple bivariate linear regression analysis were performed from the three largest 

credit rating agencies (Moody’s, Standard and Poor’s, and Fitch) were used a the 

dependent variable in a series of simple bivariate for each of the nine assessed 

energy generating companies. To perform regression analysis, it was necessary to 

convert these scores to a numerical value. A value from 1 to 24 was assigned to 

each score with 1 being the lowest or weakest credit rating possible and 24 being the 

strongest. The corresponding values and found in the final column of Table 3.6.  

 

Table 3.6. Credit Score Conversions 

Moody’s S&P Fitch 
Value 

Assigned 

Aaa AAA AAA 24 

Aa1 AA+ AA+ 23 

Aa2 AA AA 22 

Aa3 AA- AA- 21 

A1 A+ A+ 20 

A2 A A 19 

A3 A- A- 18 

Baa1 BBB+ BBB+ 17 

Baa2 BBB BBB 16 

Baa3 BBB- BBB- 15 

Ba1 BB+ BB+ 14 

Ba2 BB BB 13 

Ba3 BB- BB- 12 

B2  B+ 11 

B3 B B 10 

Caa  B- 9 

 CCC+ CCC+ 8 

 CCC CCC 7 

 CC CC 6 

 C C 5 

 C1  4 

  DDD 3 

  DD 2 

 D D 1 
                       Source: Adapted from Fabozzi (2007) 

 

Table 3.7 compiles the three ratings for each of the nine assessed energy generators 

and their converted numerical values. It was necessary to obtain a composite score 

for each company therefore an average of the three numerical values is supplied in 

the final column of Table 3.7. 
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Table 3.7. UK Energy Generators Credit Rating Conversions 

Energy 

Generator 

Moody's Standard & Poor’s Fitch Company 

Average Rating Conversion Rating Conversion Rating Conversion 

Centrica  A3 18 A- 18 A 19 18.33 

Drax Ratings 

Withdrawn 
 BB+ 14   14 

E.On A3 18 A- 18 A 19 18.33 

EDF A3 18 A 19 A+ 20 19 

npower A3 18 BBB+ 17 A- 18 17.67 

InterGen Ba3 12 BB- 12   12 

Int’l Power Baa2 16 A 19   17.5 

Scottish Baa1 17 BBB+ 17 BBB+ 17 17 

SSE A3 18 A- 18 A- 18 18 

Sources: Moody’s, 2012; Standard and Poor’s, 2012; Fitch, 2012 

 

The ‘company averages’ were used to assess the relationships between 

environmental risk scores and credit ratings using a series of scatter plots and 

bivariate linear regression to show the trend of the data (Rog and Bickman, 2008). As 

a second layer of risk measurement, the environmental risk mitigation scores were 

considered for their potential impacts in the relationships. The findings are discussed 

in Section 4.3. 

 

3.3  LIMITATIONS OF THE RESEARCH DESIGN 

 

Several limitations to developing the research design present themselves. Firstly, by 

restricting the data collection to only publicly available information may have hindered 

the investigation of environmental risks facing the sector. This would have 

consequently altered the rating criteria established and impacted the company-level 

assessments resulting in different scoring outcomes. Similarly, most of the company 

data will have been self-reported and not externally audited. Any errors in collection 

or reporting would impact the determination of each company’s rating and result in a 

false rating score.  

 

The researcher acknowledges that controls cannot mitigate all risks and control 

systems such as emergency drought or flood response plans aren’t often able to be 

tested for effectiveness. Therefore while recognizing their benefit and reflecting this 

as a positive influence on the companies’ environmental risk, the true value of such 

mitigation efforts is not easily measured.  
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It is also worth noting that the environmental risks outlined are never mutually 

exclusive. The impacts of climate change are wide reaching and are often inter-

related. (McColl et al., 2012) This is to say that where mitigation controls may be 

strong for one environmental risk, should a company have weak controls for an inter-

related risk, and the residual impacts will undermine the strong controls.  

 

The credit research process is a highly quantitative process and environmental 

impacts cannot easily be measured presenting a further limitation for the research 

design. Typically environmental factors are studied through a series of qualitative 

approaches. The research design allows for the integration of quantitative elements 

as much as possible when performing the company assessment. However, these 

numerical values for likeliness, consequence and mitigation effort are fairly subjective 

and will not offer the accuracy of traditional quantitative measures.  

 

There are a great deal of uncertainties and assumptions when measuring 

environmental risk. The research design aims to minimize the impact of these 

uncertainties and assumptions as much as possible by using reputable sources for 

data collection. The Climate Change Adaptation Reports, the researcher’s primary 

source of data collection, uses a combination of climate projections from the UKCP09 

and internal data of the operations (Defra, 2012) providing the most reliable source of 

data for the limited time of the study.  

 

Collection of the credit scores revealed an additional limitation. Ratings were not 

available for all 9 electricity generators from all three CRAs. Moody’s withdrew the 

rating for Drax Power and therefore no longer provides a score useful for this study. 

Similarly, Fitch does not rate International Power, Intergen or Drax Power potentially 

skewing the ratings used to compare environmental riskiness in the credit research 

process.   
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CHAPTER FOUR: RESEARCH FINDINGS 
 
4.1 Phase One: Sector-Level Environmental Risk Assessment 
 
Analysis of the sector-level documentation listed in Table 3.1 provided an overview of 

the environmental risk being faced by the UK electricity generators. Content analysis 

was performed to identify repetitions in the narratives and several broad climate 

events or hazards were extracted. Each of these events was proven to be a product 

of Climate Change as supported by the Met Office’s UK Climate Projections 

(UKCP09). The UKCP09 supplies a large body of climate information designed to 

help those in the UK needing to plan how they will adapt to a changing climate. 

Based on the projections of the UKCP09, regulators and environmental researchers 

surrounding the UK electricity generators are able to predict which climate hazards 

will be most potent to the sector. The four main climate hazards which presented 

themselves as risks to the UK energy generators were: 

 

 Flood 

 Extreme High Temperatures 

 Drought 

 Extreme Low Temperatures 

 
Within these categories, environmental risks or impacts were identified which 

presented significant operational or regulatory, and consequently financial, risk to the 

generators. Seventeen of these risks were adopted by the AEP WGREAD when 

framing the scope of the Climate Change Adaptation Reports for the electricity 

generating sector which have been carried forward in this study.1 (Defra, 2012-2) 

Each of these climate hazards and their associated impacts are evaluated in detail in 

the following sections with measurement and mitigation tools discussed. A summary 

is provided in Table 4.1.  

 

 

                                                 
1 Note on Nuclear: EDF is the only firm with nuclear power plants that will be in existence after 2015.  
Nuclear plants were rated separately in EDF’s case and it was determined that the risk metrics outlined 
for the purpose of the Climate Change Adaptation Reports, and subsequently for this study, were not 
sufficient for identifying the environmental risk for nuclear energy plants.  Nuclear plants have significant 
additional environmental risk as evidenced by their higher scores. Integration with the fossil fuel plant 
data was attempted with the steps taken outlined in Appendix B. This was to allow direct comparison for 
the purpose of this study. It is also worth noting that Centrica has a 20% stake in nuclear development 
with EDF – but this risk was not included in the Climate Change Adaptation report because the are not 
the primary owner.  
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4.1.1 Flood and Storm Surge 
 

4.1.1.1 Identifying the risk 
 
Projections from the Met Office and UKCP09 report significant increases in 

rainfall across the UK and continued rise in sea levels as a result of climate 

change. (UKCP09) This suggests that increased flooding will likely become 

an unavoidable reality for companies operating in the UK.  For the UK Energy 

Sector this could equate to costly damages for their power stations. This is 

supported by a study performed by Defra which found that “the number of 

power stations at risk of flooding in England and Wales is projected to rise 

from 19 today to 26 (21 to 27) in the 2020s [and] to 38 (31 to 41) in the 2080s. 

The risk of flooding to major substations is projected to rise from 46 today to 

53 (48 to 60) by the 2020s and 68 (57 to 79) by the 2080s” (Defra, 2012-1:vii) 

 

The impacts felt from flooding are widespread across the entire operation with 

extreme cases causing the power station to shut down until the water has 

receded and damage can be repaired causing loss capacity for the firm with 

measurably financial impacts. (Environment Agency, 2010) High river flows 

can also impact water processing by reducing the water quality and 

subsequently the amount of water available for operation. (Defra, 2012-1) 

Further, extreme flooding can block access to essential routes connecting the 

power plant to its essential commodities supply and staff. (Defra, 2012-1) For 

those stations in coastal areas, storm surge presents additional hazard to 

sites. 

 

Four impacts were determined to be the most significant: 

 Flooding of site 

 Flooding  access routes to site 

 Flood events and extreme high river flow 

 Storm surges 

 
4.1.1.2 Measuring the risk 
 
Logically, plants which are located nearer to rivers and coastal area are 

statistically more susceptible to flooding but heavy or sustained rainfall can 
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cause flash floods even in inland locations – a likelihood that is increasing 

due to climate change. (Met Office, 2012) Differing between the riskiness of 

power plants requires the use of historical data and future projections for 

changes in climate change.  

 

The document analysis revealed the likelihood of flooding is commonly be 

assessed from such tools as: site specific Flood Risk Assessments (FRAs), 

Flood one Risk Map, regional Catchment Flood Management Plans, Strategic 

Flood Risk Assessments, and Shoreline Management Plans (Defra, 2012-2; 

Environment Agency, 2012) Additionally, UKCP09 information can be 

extracted to estimate hazards from flash flooding, extreme snowfall, sea-level 

rise and storm surge. 

 

The consequence of flood events will also differ from plant to plant as 

discussed in a study conducted by Defra (2012-1). They identified a potential 

risk metric as “the number of faults that are caused by flooding and the 

corresponding number of customer minutes lost or customer interruptions.” 

(Defra, 2012-1:35) Another metric could involve the financial implications of 

historic flood events experienced by the UK energy generators such as in 

2007 where an estimated 139 million pounds of damages were incurred by 

the energy sector. (Environment Agency, 2007) 

 
4.1.1.4 Mitigating the risk 
 
Taking a proactive stance to address the impacts of flooding could reduce the 

risk levels. Analysis of the documents revealed the following risk mitigation 

efforts currently being used in practice: 

 

 Establishment of flood risk management plan 

 Improvement of existing measures at site and consideration of  

additional flood defences 

 Increased storage capacity of most critical commodities; flexibility to 

manage commodities 

 Emergency procedure for staff (reduce shifting) 

 Emergency plans for accessing plants (i.e. off-terrain vehicles) 

 Introduction of a maintenance regime to keep river water inlet free in 

typically rainy seasons or when flood events are forecasted 



 42 

 
4.1.2 Extreme High Temperatures 
 

4.1.2.1 Identifying the risk 
 
A rise in air temperatures is another result of climate change deemed highly 

likely by climate change projections. “The climate in the UK is projected to 

change significantly over the next century, with average annual temperatures 

in some regions rising by up to 5ºC by 2080.”(Environment Agency, 2008) 

Ambient air temperatures have a significant impact on electricity generation in 

a number of ways. Namely, high temperatures affect the performance of 

steam turbines, gas turbines, auxiliary systems and cooling systems. (Defra, 

2012-1) Poor performance of these critical systems could lead to reduced 

output and potentially quite dangerous situations which would be damaging 

both financially and to the company’s reputation. Additionally, from a 

regulatory viewpoint, extreme summer temperatures can cause companies to 

exceed their permitted limits on temperature for water discharge. (Defra, 

2012-2) 

 

Three primary impacts were identified for reporting in regards to extreme high 

temperatures for measurement at the company level. These were:  

 Air temperature average increase impact on gas turbines 

 Air temperature average increase impact on steam turbines 

 High temperature impact on water discharge 

 

4.1.2.2 Measuring the Risk 

 

To measure the risk associated with high temperatures, climate projections 

are combined with stress tests. (Defra, 2012) Data is able to be extracted 

from the UKCP09 to assess the likelihood of increased temperatures specific 

to a particular geographic region (UKCP09). Stress tests determine the 

current threshold that turbines have before tripping (Defra, 2012) and when 

combined with future projections can determine the likeliness of turbines 

tripping in the future. This is employed by DECC to perform annual sector 

resilience plans (DECC, 2012)  

 

The consequence of the risk can be measure by the plant’s potential capacity 

loss as a result of tripping which is obtained through plant-level data. (Defra, 
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2012-1) The severity of high temperature’s impact on water discharge may be 

more difficult to measure because of the inability to predict future regulation. 

Predictions would have to be made based on engagement with the 

appropriate stakeholders. (Defra, 2012) 

 

4.1.2.3 Mitigating the risk 

 

Analysis of the documents revealed the following options to mitigate risk from 

high ambient temperatures on plant performance and plant tripping to be 

most common: 

 Regularly review existing monitoring regimes  

 Increase cooling options and capacity 

 Increase air flow (increase air intake maintenance) 

 Increase flexibility of water consumption and discharge  

 Engagement with stakeholder regarding permitted water discharge 

levels 

 

4.1.3 Drought 

 

4.1.3.1 Identifying the risk 

 

Climate projections from the Met Office (XX), suggest significant changes in 

rain patterns such as prolonged periods of low precipitation. Precipitation has 

a direct impact on river flows, and consequently a strong impact on electricity 

generation. Water availability, or lack thereof, will threaten the ability to 

maintain adequate cooling of energy generation plants. (Defra,2012). Further, 

low river levels could cause generators to exceed the permitted concentration 

of substances in wastewater resulting in fines and reputational damage 

(Defra, 2012). To manage the levels of substances in wastewater, the plant 

may be forced to operate below capacity carrying financial impacts. Drought 

presents an additional regulatory risk regarding water abstraction – where 

additional constraints would impact the energy generator’s access to water for 

its operations. (McColl et al., 2012) 

 

Three primary risks pertaining to drought were identified for risk assessment:  

 Drought on water availability 
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 Drought on water discharge (permitting) 

 Drought and change in water abstraction legislation 

 

4.1.3.2 Measuring the Risk 

 

Drought is the combination of a variety of climate scenarios making is 

intrinsically difficult to predict and measure. The latest climate projections are 

able provide electricity generators with information regarding the rainfall 

patterns of the region and expected increase in temperatures (UKCP09) 

attributing to lower water levels. There are several studies conducted by such 

agencies as the EA addressing the uncertainty of river levels with progress 

being made on more accurate projections. Catchment levels are closely 

monitored for abstraction permitting purposes (McColl et al, 2012) which may 

provide additional information.  

 

Measuring the consequence of this risk is suggested in the same fashion as 

with high temperature and that is based on the lost output of the plant if 

capacity needed to reduce to maintain safe operations. Without adequate 

water to cool the plant operating at full capacity would be impossible. 

Regularly completing stress tests would provide insight into the maximum 

strain a site could take under draught conditions (Defra, 2012). Measuring the 

consequence of risk related to regulatory change is more difficult to measure 

because of the uncertainty of future legislation. A potential solution would be 

to make estimates based off of past regulation and adjust the models 

regularly as new information is made available. 

 
4.1.3.3 Mitigating the risk 
 
Decreasing the vulnerability to draught related impacts can be performed 

through a number of measures. Analysis of the documents revealed four 

common mitigation efforts: 

 

 Ongoing monitoring of drought projections 

 Regularly run stress tests and review mitigation actions 

 Establish drought risk management plan 

 Reduction of water consummation 
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4.1.4 Extreme Low Temperatures 
 

4.1.4.1 Identifying the Risk 
 
Although, temperatures in the UK are expected to increase in the coming 

decades (UKCP09) extreme low temperatures currently present significant 

risk to companies operating in the UK. The frequency of extreme events, such 

as snowfall, is expected to continue to increase into the 2020s (UKCP09) 

which puts stress on energy generating plants. Extreme low temperatures 

compromise the ability for efficient plant operation by hindering access by 

employees and the freezing of essential systems for example. (McColl et al., 

2012) The four primary impacts reported by AEPWG were:  

 

 Extreme snow fall 

 Extreme low temperatures on cooling tower fans 

 Extreme low temperatures on external systems 

 Extreme low temperature on cooling towers 

 
4.1.4.2 Measuring the risk 
 

Measuring the risk from extreme low temperatures would mimic that of high 

temperatures and drought. Projections from the UKCP09 would provide the 

“likeliness” factor (UKCP09) which “consequence” could be measured by 

potential loss of output and damage to plant assets.  

 

4.1.4.3 Mitigating the risk 

 

Risk mitigation pertaining to extreme low temperatures is only expected to be 

necessary in the short-term. However, the risk is still present and lessening 

the vulnerability to the risk is in the interest of the company. Risk mitigation for 

cold temperatures includes: 

 

 Implement cold weather protection strategy 

 Establishment of anti-icing system 

 Increased maintenance of insulation and trace heating 
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4.1.5 Other Climate Hazards 
 

4.1.5.1 Identifying the Risk 
 
Three additional environmental risks present themselves outside the climate 

hazards. These risks include: 

 Extreme winds 

 Weather conditions causing plume grounding 

 Subsidence/landslide 

 

Extreme winds are linked to the increase in potentially damaging storms 

(UKCP09). These could likely include depressions or cyclones which threaten 

the vulnerable, high towers of power plants.  

 

Plume grounding is the transmission of ait pollutants into the ground which 

could potentially contaminant ground water sources (McColl et al., 2012) 

causing regulatory and reputational risk is thought to be caused by the 

electricity generator. (Defra, 2012)  

 

Strong evidence from the UKCP09 suggests that precipitation and storm 

surge will increase in intensity and frequency in the 21st century. This will 

increase the risks driven by these climate stressors such as subsidence or 

landslide at power plant sites.  

 
 
4.1.5.2 Measuring the Risk 
 
Measuring these last three hazards is extremely difficult. The UKCP09 

provides predictions for average wind speed across the UK offering the best 

solution despite sustained winds being less dangerous that those tied to 

particular events such as cyclones. (UKCP09) Plume grounding would be 

most harmful to generators if it were as a result to plant operations. (Defra, 

2012) therefore internal risk assessments would be most sufficient. And lastly, 

Subsidence and Landslide are driven by geophysical and meteorological 

parameters for some of which no projections are available and which are 

complex to assess in combination. (McColl et al, 2012) 
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4.1.5.3 Mitigating the Risk 
 
Despite the difficulties in predicting and measuring the risks from these 

environmental hazards, several actions for mitigation were able to be 

identified from the documents. These included: 

 Introduce new/review existing safety procedures regarding high winds 

 Improving lading of facilities highly exposed to wind (e.g. stacks) 

 Site specific structural report of a site for subsidence/landslide 

 

Table 4.1. Results of Sector-Level Analysis 
Climate 
Hazard 

Environmental Impact Mitigation Efforts 

Flooding  Flooding of site 

 Flooding  access routes 
to site 

 Flood events and 
extreme high river flow 

 Storm surges 

 Establishment of flood risk management plan 

 Improvement of existing measures at site and 
consideration of  additional flood defences 

 Increased storage capacity of most critical 
commodities; flexibility to manage commodities 

 Emergency procedure for staff (reduce shifting) 

 Emergency plans for accessing plants (i.e. off-
terrain vehicles) 

 Introduction of a maintenance regime to keep 
river water inlet  free in typically rainy seasons 
or when flood events are forecasted 

Extreme High 
Temperatures 

 Air temperature average 
increase impact on gas 
turbines 

 Air temperature average 
increase impact on steam 
turbines 

 High temperature impact 
on water discharge 

 Regularly review existing monitoring regimes  

 Increase cooling options and capacity 

 Increase air flow (increase air intake 
maintenance) 

 Increase flexibility of water consumption and 
discharge  

 Engagement with stakeholder regarding 
permitted water discharge levels  

Drought  Drought on water 
availability 

 Drought on water 
discharge (permitting) 

 Drought and change in 
water abstraction 
legislation 

 Ongoing monitoring of drought projections 

 Regularly run stress tests and review mitigation 
actions 

 Establish drought risk management plan 

 Reduction of water consummation 

Extreme Low 
Temperatures 

 Extreme snow fall 

 Extreme low 
temperatures on cooling 
tower fans 

 Extreme low 
temperatures on external 
systems 

 Extreme low temperature 
on cooling towers 

 Implement cold weather protection strategy 

 Establishment of anti-icing system 

 Increased maintenance of insulation and 
trace heating 

Other Climate 
Hazards 

 Extreme winds 

 Weather conditions 
causing plume grounding 

 Subsidence/landslide 

 Introduce new/review existing safety 
procedures regarding high winds 

 Improving lading of facilities highly exposed 
to wind (e.g. stacks) 

 Site specific structural report of a site for 
subsidence/landslide 
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4.2 Phase 2: Firm-Level Environmental Risk Assessment  
 
Content analysis of the Climate Change Adaptation Reports served two purposes. 

Firstly it provided essential data pertaining to the exposure each electricity generator 

has to the risks identified in section 4.1. Secondly, it provided insight into what efforts 

were being taken at the company level to mitigate these risks. The main findings from 

this phase which will be discussed below are: 

 Risks that were previously considered improbable are gradually expected to 

become more likely over the coming century as a result of Climate Change; 

 The exposure to environmental risk greatly differs among the electricity 

generators in the UK despite identical operational and regulatory settings; 

 The introduction and communication of mitigation efforts pertaining to 

environmental risk varies between generators with some relying solely on 

sector-level initiatives and others clearly addressing these risks at the firm-

level.  

 Firms experiencing higher levels of risk introduce a higher level of mitigation 

efforts and vice versa.  

 

4.2.1 Environmental Risk Assessment 

 

From the Climate Change Adaptation Reports, data was extracted and manipulated 

to provide uniformity and allow for cross company comparison. The result is a 

complete list of the environmental risk scores for each of the seventeen identified 

hazards in each nine energy generators. This is presented in Table 4.2.  

 

To begin, several conclusions can be made about the data aggregate level for the 

UK electricity generators. Overall, generators predict their environmental riskiness to 

continue to rise in the 30 year period as a result of climate change. Twelve of the 

seventeen measured environmental impacts reported rises in their risk score with the 

average rising from a score of 17.9 to 20.66; a 15.4% increase. The levels of risk 

varied between the climate hazards with the nine firms rating impacts related to 

extreme high temperatures as presenting the most significant risk to both their 

current and future operations based on likelihood and severity. The highest projected 

increase in risk for the next 30 years is the change in water abstraction licensing 

caused by from drought. Although these were among the risks expected to increase 

as a result of climate change, it was at a rate less significant than that of drought. 

Where high temperatures saw risk score average increases of 3.1, 2.09, and 4.26, 
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the riskiness of drought impacts were expected to increase 5.84, 3.24, and 7.14 

points. The riskiest impact as a result of climate change was concluded to be 

‘drought and change in water abstraction legislation’ with a 40% increase in its risk 

score across the sector. This is followed by drought’s impact on water availability, 

extreme high temperature’s impact on water discharge, and drought’s impact on 

water discharge (permitting) in second, third, and forth respectively.  

 

In contrast, impacts as a result of extreme low temperatures saw a decline in 

expected risk levels as a result of climate change.  These four impacts displaying a 

decline in risk included: weather conditions causing plume grounding, extreme 

snowfall, and extreme low temperatures on external systems and on cooling towers. 

This presented an opportunity for electricity generators which should be considered 

when studying the relationship of environmental risk and credit scores in Section 4.3. 

 

When studying the environmental risk scores at the company level, we note that 

severe variations of perceived risk levels were reported across the impacts. Gaps in 

the data from npower were credited to being “too insignificant” and therefore not 

worth reporting. (npower, 2011) This was the case for more than half of the identified 

environmental risk impacts where npower’s peers provided data for, at a minimum, 

14 of the environmental impacts (82%) despite the perceived “insignificance” of the 

risk score. This raises questions about how seriously environmental risk is taken into 

account by the firm and will be explored further with the analysis of mitigation efforts. 

It also presents a limitation in the study which will be discussed in section 6.1. 

 

Environmental risk scores for the baseline varied from 12.76 reported by Centrica to 

25.82 reported by E.On. In fact, E.On proved to be the most environmentally risky 

firm both currently and with Climate Change impacts taken into account. Their 

average environmental risk score rose to 26.92 showing a 4.3% increase. Similarly, 

Centrica remained the least risky based on the climate change projections with their 

future environmental risk score only rising 3.4% to 13.82.  The remainder of the nine 

generators reported increases in risk ranging from 1.2% (Intergen) to a staggering 

26.9% (EDF).  

 

The variety in riskiness over the 30 year period from nine companies operating over 

such a small geographic area and in the same regulatory environment is significant 

and supports the argument that environmental impacts warrant attention in 

investment decisions in corporate fixed income.  
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Table 4.2 Results of Company Level Risk Assessment 
 

           

 
IMPACT  Centrica Drax E.ON EDF Intergen 

Int’l 
Power 

npower Scottish SSE AVERAGE Change Rank 

1 Flooding of Site 
Current Risk 23.20 12.00 23.00 17.14 21.29 23.70 12.89 15.21 20.00 18.71 

2.96 6 
Future Risk 23.90 16.00 27.40 22.85 24.59 26.60 12.89 20.83 20.00 21.67 

2 Flooding of access routes to site 
Current Risk 17.00 12.00 17.10 18.86 9.96 11.10 12.81 16.86 20.00 15.08 

2.46 7 
Future Risk 20.50 16.00 19.70 25.15 11.06 13.90 12.81 18.67 20.00 17.53 

3 
Flood events & extreme high river 
flow 

Current Risk 16.70 16.00 21.00 16.73 10.92 20.30   16.62 20.00 17.28 
2.94 9 

Future Risk 19.80 16.00 27.40 21.23 10.92 26.30   20.17 20.00 20.23 

4 Storm surges 
Current Risk 13.40 12.00 23.50 36.00 15.62 11.00 13.67 15.68 16.00 17.43 

2.85 8 
Future Risk 13.70 12.00 28.70 45.00 18.92 11.70 13.67 22.85 16.00 20.28 

5 
Air temperature average increase 
impact on ST output 

Current Risk 16.00 15.00 33.20 18.58 27.00 22.50 15.00 19.90 20.00 20.80 
3.10 5 

Future Risk 20.00 15.00 33.30 36.10 27.00 25.40 15.00 15.24 28.00 23.89 

6 
Air temperature average increase 
impact on GT output 

Current Risk 16.00   33.20   27.00 15.50 15.00 14.32 20.00 20.15 
2.09 10 

Future Risk 20.00   33.30   27.00 15.50 15.00 16.85 28.00 22.24 

7 High Temp Water discharge 
Current Risk 11.00 16.00 33.20 29.66 9.00 18.50 11.47 12.27 15.00 17.35 

4.26 3 
Future Risk 12.30 28.00 33.30 37.88 9.00 22.80 14.77 16.35 20.00 21.60 

8 Drought on water availability 
Current Risk 20.40 16.00 20.20 25.15 29.04 23.10 20.00 20.71 15.00 21.07 

5.84 2 
Future Risk 24.00 16.00 35.00 40.45 30.00 35.00 20.00 21.69 20.00 26.91 

9 
Drought on water discharge 
(permitting) 

Current Risk 9.00 16.00 25.00 25.74 9.00 18.50   13.56 15.00 16.48 
3.24 4 

Future Risk 9.00 16.00 35.00 34.76 9.00 19.50   14.48 20.00 19.72 

10 
Drought and change in Water 
Abstraction legislation 

Current Risk 11.70 16.00 20.10 29.66 9.00 23.10   16.98 15.00 17.69 
7.14 1 

Future Risk 12.00 16.00 20.90 40.45 9.00 35.00 49.00 21.12 20.00 24.83 

11 Extreme snowfall 
Current Risk 15.30 16.00 22.90 13.42 9.00 22.10   20.95 20.00 17.46 

-1.98 16 
Future Risk 13.10 16.00 18.30 12.00 9.00 16.90   18.56 20.00 15.48 

12 
Extreme Low Temperatures on 
Cooling Tower Fans 

Current Risk 1.90   36.00   9.00 18.40   9.66 20.00 15.83 
-1.59 15 

Future Risk 1.90   28.00   9.00 15.60   10.92 20.00 14.24 

13 
Extreme Low Temperatures on 
External Systems 

Current Risk 16.50 16.00 36.00 19.20 15.07 31.40   15.27 20.00 21.18 
-2.90 17 

Future Risk 15.90 16.00 28.00 14.85 12.52 23.40   15.58 20.00 18.28 

14 
Extreme Low temperatures on 
Cooling Towers 

Current Risk 1.90 16.00 36.00 13.51 12.84 12.00   10.33 16.00 14.82 
-1.56 14 

Future Risk 1.90 16.00 28.00 10.93 10.92 11.20   11.12 16.00 13.26 

15 Extreme Winds 
Current Risk 9.00 20.00 24.80 15.36 27.00 29.50   21.25 35.00 22.74 

0.47 12 
Future Risk 9.00 20.00 24.80 15.36 27.00 29.50   25.03 35.00 23.21 

16 
Weather condition causing plume 
grounding 

Current Risk 9.00   21.00   15.71 12.70   7.79 9.00 12.53 
-0.41 13 

Future Risk 9.00   21.00   14.75 11.20   7.79 9.00 12.12 

17 Subsidence/ Landslide 
Current Risk 9.00 16.00 13.60 11.14 18.70 10.10   12.14 16.00 13.33 

0.93 11 
Future Risk 9.00 16.00 15.50 11.14 18.70 10.30   13.48 20.00 14.26 

 
AVERAGE 

Current Risk 12.76 15.36 25.87 20.72 16.18 19.03 14.40 15.26 18.35 17.90 
2.76 

 

Future Risk 13.82 16.79 26.92 26.30 16.38 20.58 19.14 17.10 20.71 20.66  
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4.2.2 Environmental Risk Mitigation Assessment 

 

The individual Climate Change Adaptation Reports highlight a number of key considerations 

and complexities that have a profound bearing on the way the power generation industry in 

manages risks associated with climate change. (McColl et al, 2012) This section discusses 

the findings from an analysis of the publically reported mitigation efforts of the nine UK 

electricity generators. The introduction of risk management systems and preventative 

measures are interpreted as a form of adaptive capacity – an intrinsic part of risk. (Turner et 

al, 2007). Adaption to environmental risk is a method of mitigation the risks associated with 

climate change. This is supported by Brooks who states, A high level of adaptive capacity 

therefore only reduces a system’s vulnerability to hazards occurring in the future (allowing 

the system time to adapt in an anticipatory manner) or to hazards that involve slow change 

over relatively long periods, to which the system can adapt reactively.” (2003:9). 

 

In the context of the UK electricity generators, Defra summarized the adaptive capacity of 

the sector as being currently ensured “by a combination of a generating plant capacity 

margin, geographical diversity of sitting of generating plant (together with a national 

transmission network) and diversity in generation technology.” (Defra, 2012:X) However, as 

proven in section 4.2.1, environmental risk is not equal for all firms across the sector and as 

a result, one would expect the risk mitigation efforts to be adjusted on a case-by-case basis.  

 

Analysis of the, publicly communicated, environmental risk mitigation efforts revealed that 

several firms do not go beyond sector-level initiatives despite their recognised vulnerability to 

environmental risk. The findings presented in Table 4.3 show that Scottish Power and 

Intergen in particular reported very little environmental risk mitigation and consequently 

received a risk mitigation score of -0.11. On the other hand, E.On and npower ranked the 

highest for their mitigation efforts with -.039 and -0.34 respectively.   

 
It is interesting to view the relationship between a firm’s environmental risk score and their 

environmental risk mitigation score. Drax and Intergen had two of the three lowest 

environmental risk scores suggesting that low risk will result in low effort to mitigate that risk. 

This relationship is seen again on the other end of the spectrum with E.On and npower 

having relatively high risk scores and therefore increased mitigation efforts. In the next 

section we will explore how these environmental risk scores are related to the credit rating of 

the generators.  

 
 
 



5 

 

 
 

Table 4.3. Results of Company-Level Risk Mitigation Analysis           
 Centrica Drax E.On EDF Intergen Int’l npower Scottish SSE 

Flooding 

Establishment of flood risk management plan          
Improvement of existing measures at site and consideration of  additional flood 
defences 

         

Increased storage capacity of most critical commodities; flexibility to manage 
commodities 

         

Emergency procedure for staff (reduce shifting)          
Emergency plans for accessing plants (i.e. off-terrain vehicles)          
Introduction of a maintenance regime to keep river water inlet  free in typically 
rainy seasons or when flood events are forecasted 

         

Extreme High Temperatures 

Regularly review existing monitoring regimes           
Increase cooling options and capacity          
Increase air flow (increase air intake maintenance)          
Increase flexibility of water consumption and discharge           
Engagement with stakeholder regarding permitted water discharge levels           
Drought 

Ongoing monitoring of drought projections          

Regularly run stress tests and review mitigation actions          
Establish drought risk management plan          
Reduction of water consummation          
Engagement with stakeholders; tracking and influencing legislation           
Increasing of water reserves;  identifying alternative water sources (e.g. wells)          
Extreme Low Temperatures 

Implement cold weather protection strategy          
Establishment of anti-icing system          
Increased maintenance of insulation and trace heating          
Other Climate Hazards 

Introduce new/review existing safety procedures regarding high winds          
Improving lading of facilities highly exposed to wind (e.g. stacks)          
A monitoring regime for likelihood of conditions for plume grounding          
Site specific structural report of a site for subsidence/landslide          

AGGREGATE RISK MITIGATION SCORE - 0.29 - 0.23 - 0.34 - 0.28 - 0.11 - 0.26 - 0.39 - 0.11 - 0.28 
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4.3 Phase 3: Environmental Risk and Credit Ratings  
 
The findings presented in sections 4.1 and 4.2 clearly establish that environmental 

risks are abundantly present in the UK electricity generator sector and that there are 

variations of risk exposure among firms operating even within the same operational 

and regulatory environments. To continue this study and address the proposed 

research questions, the researcher studied the relationship between the firms’ self-

assessed environmental risk scores and credit ratings from the three main CRAs. 

Further, the measured levels of environmental risk mitigation are incorporated to 

provide a more through analysis of environmental risk and its relationship with credit 

ratings. The main findings of this final phase of the analysis are: 

 Firms with stronger credit ratings have higher levels of reported 

environmental risk;  

 Climate change is increasing the environmental riskiness of firms at a faster 

rate for those with strong credit ratings as compared to their peers with lower 

ratings; 

 Risk mitigation efforts are stronger among those firms with higher 

environmental risks and stronger credit scores.  

 

Using the data presented in Table 4.2 for environmental risk and the converted credit 

ratings found in Table 3.7, a series of scatter plots were created for each of the 17 

indentified risk factors (Appendix D). An additional scatter plot was created using the 

composite environmental risk score for each firm and the appropriate credit rating 

which is presented in Figure 4.1.  

 

To better view the relationship, bivariate linear regression was performed on each 

scatter plot clearly depicting the trends of environmental risk and the credit rating of 

electricity generating companies. Two linear regressions are presented on each 

graph; one reflecting current environmental risk and the other future environmental 

risk. The resulting slope for each of the linear regressions is presented in Table 4.4 

for discussion.   
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Figure 4.1 Environmental Risk Score v. Credit Rating 
 

 
 

The results for 12 of the linear regressions, including the aggregate risk scores seen 

in Figure 4.1, suggest a direct relationship between current risk environmental risk 

and credit ratings (represented in red in Table 4.4). This is to say that a higher the 

environmental risk score will result in a higher credit rating and vice versa.  The 

degree of the relationship varies with the weakest direct relationship correlating to 

“extreme low temperature on cooling towers” (Slope = 0.3431). The strongest direct 

relationship, for current risk, was seen with “high temperature impact on water 

discharge” (Slope = 1.717). Alternatively, six of the seventeen assessed impacts 

resulted in an indirect relationship being present (represented in green in Table 4.4).  

For these impacts, a higher environmental risk score would result in a lower credit 

rating.  “Subsidence/ Landslide” presented the strongest indirect relationship with a 

slope of -1.0283, while “air temperature average increase impact on GT” resulted in 

the weakest correlation with a slope of -0.2723.  

 

Turning our attention to the linear regression results of the future environmental risk, 

a similar trend emerges.  Future environmental risk scores are determined to have a 

direct relationship with credit ratings (higher environmental risk equals higher credit 

rating) on 13 of the assessed impacts including the aggregated environmental risk 

scores. “Extreme low temperature on cooling towers” remains the weakest of these 

direct relationships with a slope of 0.1191 and “drought and change in water 

abstraction legislation” soars to the top of the list with a slope of 3.0375. A look at the 
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remaining 5 impacts reveal indirect relationships with slopes ranging from -0.3053 to 

-1.0162.  

 

Table 4.4 Bivariate Linear Regression Results  

 

 

Summarizing these relationships are the slopes for the average environmental risk 

score. With a direct relationships being found for both current and future 

environmental risk, this finding carries significant implications for investors who rely 

upon credit ratings to predict the stability of their bond investments. According to the 

findings, a firm’s credit rating is adversely representative of its environmental risk. 

Risk 
Current 

Risk 
Future 
Risk 

Trend from Current 
Risk to Future Risk 

Ranking (From 
Table XX) 

Flooding of site 0.3646 0.239 More Represented 6 

Flooding  access routes to 
site 

1.1388 1.3119 Less  Represented 7 

Flood events and extreme 
high river flow 

1.0137 1.7234 Less  Represented 9 

Storm surges 1.3475 1.6369 Less  Represented 8 

Air temperature average 
increase impact on ST 

-0.2723 0.9708 Less  Represented 5 

Air temperature average 
increase impact on GT 

-0.9354 -0.4787 Less  Represented 10 

High temperature impact on 
water discharge 

1.7171 1.7956 Less Represented 3 

Drought on water 
availability 

-0.564 -1.0162 More Represented 2 

Drought on water discharge 
(permitting) 

1.3748 2.3847 Less  Represented 4 

Drought and change in 
water abstraction legislation 

1.5973 3.0375 Less  Represented 1 

Extreme snow fall 1.1287 0.7007 More Represented 16 

Extreme low temperatures 
on cooling tower fans 

1.6141 1.163 More Represented 15 

Extreme low temperatures 
on external systems 

1.4055 1.0113 More Represented 17 

Extreme low temperature 
on cooling towers 

0.3431 0.1191 More Represented 14 

Extreme winds -0.6555 -0.6351 Less Represented 12 

Weather conditions causing 
plume grounding 

-0.4301 -0.3053 Less  Represented 13 

Subsidence/landslide -1.0283 -0.8316 Less  Represented 11 

AVERAGE 
0.5549 0.9623 Less  Represented  
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Where one would expect a lower credit rating on those firms carrying high risk, in the 

context of environmental risk exactly the opposite is true.  

 

Further analysis reveals another interesting relationship. The slope for future risk is 

more extreme (0.9623) than for current environmental risk (0.5549). This suggests 

that credit ratings are even less representative of future environmental risk than they 

are for current day environmental risk. In other words, firms with stronger credit 

ratings are experiencing an accelerated increase in their environmental riskiness 

compared to their peers with weaker scores. To explore this relationship, the 

researcher evaluated the linear regression results of the individual impacts. For 11 of 

the 17 evaluated impacts, future risk is less represented in credit ratings than current 

risk – firms with stronger credit scores experience a higher rate of increased 

environmental risk over the 30 year period. This is relationship is noted in the forth 

column Table 4.4.  It’s worth noting that four of the remaining six impacts are those 

that were determined to be of declining threat as a result of climate change 

(rankings13 -17) therefore arguably of less significance to investors.  

 
As the next step of analysis, the environmental risk mitigation scores were factored 

into the measurements of future risk for each of the energy generators and re-plotted 

against the credit score of the firm. See figure 4.2. 

 
Figure 4.2 Adjusted Environmental Risk Score v. Credit Rating 

Environmental Risk Score v. Credit Rating _Adjusted for 

Mitigation
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The new trend line for the adjusted future risk score had a slope of 0.93. This is less 

steep than the original slope suggesting that risk mitigation is more frequently 
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undertaken by those firms with stronger credit ratings whom, in general, have higher 

levels of environmental risk based on our findings. 

 
 
4.4 Summary 
 
The analysis of the data revealed several interesting findings: 
 

 Risks that were previously considered improbable are gradually expected to 

become more likely over the coming century as a result of Climate Change; 

 The exposure to environmental risk greatly differs among the electricity 

generators in the UK despite identical operational and regulatory settings; 

 The introduction and communication of mitigation efforts pertaining to 

environmental risk varies between generators with some relying solely on 

sector-level initiatives and others clearly addressing these risks at the firm-

level.  

 Firms experiencing higher levels of risk introduce a higher level of mitigation 

efforts and vice versa; 

 Firms with stronger credit ratings have higher levels of  environmental risk;  

 Climate change is increasing the environmental riskiness of firms at a faster 

rate for those with strong credit ratings as compared to their peers with lower 

ratings; 

 Risk mitigation efforts are stronger among those firms with higher 

environmental risks and stronger credit scores.  

In the next section, we will discuss the findings as they are related to the research 

questions and how these findings may be applied in the fixed income investment 

process. 
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CHAPTER 5: DISCUSSION 

 
The purpose of this study was to answer the key research question: ‘how are 

environmental risks considered in the credit research and rating processes of 

corporate bonds?’ To accomplish this, a research design was formulated around two 

sub-questions: ‘how might the environmental riskiness of a bond issuer be 

determined?’ and ‘what existing relationships are present between the environmental 

riskiness and the credit rating of a bond issuer?’ The preceding chapters addressed 

the questions in a systematic fashion taking the research through three stages of 

data collection and analysis ultimately arming the researcher with a substantial body 

of evidence. In this fifth chapter, the researcher will discuss the relevance of the 

findings to the pre-defined research questions and the broader conversation 

regarding environmental risk and fixed income credit ratings.  

 

Drawing from previous literature, the first question that the researcher addressed was 

‘how can the environmental riskiness of a bond issuer be determined?’  The 

definitions of risk and vulnerability identified the most complete measure of risk to 

include: exposure, susceptibility, coping capacity, adaptive capacity and the 

interaction with perpetrations and stressors. (Turner et al., 2003) This suggested that 

understanding the environmental risks of a firm needed to go beyond the boundaries 

of the individual company and regard the external “perpetrations and stressors”. It 

also supported the theory that an organizations ability to adapt and cope to change 

will aid in the mitigation of the risk. (Turner et al, 2003) based on these conclusions, 

the researcher proposed a framework to measure the environmental riskiness of 

bond issuers in the electricity generator sector.  

 

The process would begin with a thorough analysis of the sector enabling the 

researcher to build a robust set of metrics addressing operational and regulatory risk 

specific to the chosen case. Without the sector-level analysis, it is possible that 

certain key risks would not have been identified. For example, a micro-analysis of 

one individual firm may put emphasis on the operational risks and neglect those of 

regulation. However, as we later discovered through the analysis of company-level 

data, the most treacherous environmental risk turned out to be that of regulation. This 

confirms the necessity of measuring environmental risk in the context of the wider 

operational and regulatory environment. The resulting framework was applied to the 

analysis of nine UK energy generators. Despite sharing a small geographic area and 

operating in the same regulatory environment, the risk assessments identified distinct 
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differences in risk levels. Further, the mitigation efforts of the electricity generators 

varied suggesting that some firms take an interest in protecting themselves from 

environmental risk while others are less concerned. This could compound the level of 

risk held by the firm and warrants attention be those deciding how to invest in the 

sector.  

 

As confirmed by the literature establishing a relationship between environmental and 

financial performance, these levels of environmental risk can and will have financial 

implications in the long-run. (Murphy, 2002) Where fixed income typically has a 

longer hold time than other asset classes such as equities (Fabozzi, 2007), the bond 

investor should logically have an interest in understanding the risks their lender (the 

bond issuer) is exposed with. However, investors cannot feasibly perform a full risk 

assessment of every investment opportunity that crosses their path and that is where 

the convenient tool of a credit rating comes into play.  

 

Credit ratings have served investors for decades and are continuing to grow in 

popularity (Steiner and Heinke, 2012). As one of the most trusted indicators for risk, 

one would assume that environmental risks are considered in the credit research and 

rating process. This research set out to uncover if this was indeed true with the 

second research question ‘what existing relationships are present between the 

environmental riskiness and the credit rating of a bond issuer? 

 

Using the environmental risk scores identified in the first two phases of the study, the 

researcher was able to perform a series of bivariate linear regression examining the 

relationships between environmental riskiness and a firm’s credit rating. The findings 

identified three distinct relationships: 

 

1) Firms with stronger credit ratings have higher levels of environmental risk;  

2) Climate change is increasing the environmental riskiness of firms at a faster 

rate for those with strong credit ratings as compared to their peers with lower 

ratings; 

3) Risk mitigation efforts are stronger among those firms with higher 

environmental risks and stronger credit scores.  

 

These relationships suggest that credit ratings are significantly unrepresentative of 

environmental riskiness. They prove that, in the case of the UK electricity generators, 

credit ratings do not adequately consider environmental risk. Further, when 
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considering the inevitable increase in environmental risk as a result of climate 

change, the firms being awarded superior credit ratings report their risk growing at a 

faster rate than those with the weaker ratings. Although the findings acknowledge 

that mitigation efforts are higher among those with high credit ratings, the result is still 

not hopeful and continues to suggest that credit ratings are adversely related to 

environmental risk.  

 

5.1 Limitations and Future Research  

 

Several limitations present themselves in this study and present opportunity for future 

research. For instance, the research design employed an instrumental case study 

with a relatively small set of subjects. To address the research question, which 

extends far beyond the UK electricity generating sector, it would be useful to replicate 

the study in a different sector or country to see if the findings remain true.  

 

The study relied solely on secondary data presenting another limitation. Due to the 

time constraints of the research period, it was necessary to rely upon environmental 

data that was self-reported by the research subjects. Without being externally audited 

or collected by the research themselves it is impossible to guarantee the validity of 

the data. Future research could look to use a different data source to improve the 

credibility of the findings.  

 

A third limitation was the chosen time period for assessments of future risk. The 

period (2010-2039) offers only a medium-term look at the potential climate hazards. It 

must be acknowledged that as the time frame increases, so does the uncertainty of 

the climate projections. However it would still be helpful to the research to consider 

data into the 30s, 40s, 50s, etc.  
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CHAPTER 6 CONCLUSION 
 
This study investigated the relationships between environmental risks and corporate 

credit ratings from the three most influential CRAs. In the case of the UK Electricity 

generators, it found that environmental riskiness was adversely represented in the 

credit ratings of the largest nine firms in the industry. It drew light to the discrepancies 

of environmental riskiness and one of the most common and trusted indicators of 

risk. In the context of fixed income investment, this study has identified a weak point 

in the credit research process which aims to guarantee the likeliness of a firm to be 

able to repay its future liabilities. The practical applications of this new information 

are discussed below.  

 

5.1. Recommendations 

 

For bond investors, this carries certain implications. To accurately consider 

environmental risk in investment decisions the findings of this study imply that 

additional tools beyond credit ratings must be introduced. Performing independent 

assessments of environmental risk or relying on established ESG rating systems 

could offer a more robust understanding of the risks within your bond portfolio. 

Alternatively, were an investment has already been made, engagement with the bond 

issuer to ensure the environmental risks are being mitigated properly could offer a 

sustainable solution to address the risk. 

 

As a bond issuer, it is important to recognize the environmental risk from an 

operational and regulatory viewpoint and take action to alleviate future exposure by 

increase the firm’s coping and adaptive capacity. Environmental liability is gaining 

traction in the investment world with several CRA’s beginning to acknowledge its 

influence (McGhie, 2012). Although consideration in the credit research and rating 

process is still limited, as evidenced by these findings, the risk is not.  

 
 
 

WORD COUNT: 18, 073
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Appendix A. List of Assessed Power Stations 
 

Generator Plant Name 
Plant 
type Capacity 

 
Generator Plant Name 

Plant 
type Capacity 

Centrica Barry Fossil  230  Scottish Rye House  Fossil 715 

Centrica Brigg Fossil 240  Scottish Shoreham  Fossil 400 

Centrica Killingholme Fossil 665  Scottish Cruachan Fossil 400 

Centrica King's Lynn Fossil 340  Scottish Longannet Fossil 2400 

Centrica Langage Fossil 905  Scottish DHC Fossil 800 

Centrica Peterborough Fossil 405      

Centrica Roosecote Fossil 229  SSE Ferrybridge Fossil 980 

Centrica South Humber Bank Fossil 1260  SSE Fiddlers Ferry Fossil 1960 

     SSE Keadby  Fossil 749 

E.On 
Cottam 
Development Centre 

Fossil 400  SSE Medway Fossil 688 

E.On Enfield  Fossil 392  SSE Fife Fossil 123 

E.On Ironbridge Fossil 970  SSE Peterhead Fossil 1180 

E.on Killingholme  Fossil 900  SSE Glendoe Fossil 100 

E.On Kingsnorth Fossil 1940  SSE Sloy Fossil 153 

E.On Ratcliffe-on-Soar Fossil 2000  SSE Foyers Fossil 300 

E.On Taylor's Lane Fossil 140  SSE Uskmouth Fossil 363 

E.On Winnington  Fossil 130  SSE Slough Fossil 63 

E.On Connah's Quay Fossil 1420      

E.On Grain Fossil 1275  Int’l Power Shotton  Fossil 210 

     Int’l Power Deeside Fossil 500 

EDF Cottam Fossil 2008  Int’l Power Dinorwig Fossil 1728 

EDF West Burton Fossil 1972  Int’l Power Ffestiniog Fossil 360 

EDF West Burton B Fossil 1311  Int’l Power Saltend Fossil 1200 

EDF Dungeness Nuclear 1110  Int’l Power Indian Queens Fossil 140 

EDF Heysham 1 Nuclear 1150  Int’l Power Regeley Fossil 1050 

EDF Heysham 2 Nuclear 1250      

EDF Hartlepol Nuclear 1210  npower Aberthaw Fossil 1586 

EDF Hunterston Nuclear 1190  npower Cowes Fossil 140 

EDF Hinkley Point B Nuclear 1220  npower Didcot OCGT Fossil 100 

EDF Sizewell B Nuclear 1188  npower Didcot B Fossil 1430 

EDF Torness Nuclear 1250  npower Great Yarmouth Fossil 420 

     npower Little Barford Fossil 665 

Intergen Coryton Fossil 732  npower Littlebrook Fossil 105 

Intergen Rocksavage Fossil 748  npower Pembroke Fossil 2125 

Intergen Spalding Fossil 860  npower Staythorpe Fossil 1700 

         

Drax Drax Power Station Fossil 4000      
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Appendix B. Data Manipulation for Company-Level Risk Assessment 
 
Centrica 

 Applied weighting on scores without explaining methodology. We assume that the weightings are 

representative of operating capacity however without the data reported for each individual power 

station there is no way to confirm this or to verify the integrity of the calculations.  

 It is also worth noting that one of Centrica’s main power stations, King’s Lynn, was shut down in 

March 2012. This was after this climate change adaptation report was released and King’s Lynn was 

assessed for its risk and included in the report. The power station represented 7.9% of the generating 

capacity of the stations Centrica reported on. The scope of this adaptation survey clearly stated that 

power stations expected to be shut down before 2015 were not to be included and it is unclear as to 

why an exception was made for King’s Lynn. At any rate, the closure of King’s Lynn would alter the 

weighted risk scores for Centrica and without the plant level data it is not possible for it to be adjusted 

for the purpose of this study. Therefore the data was analyzed in its current form 

 Centrica reported air temperature increase impact on ST/GT as a combined metric whereas their 

peers had listed ST and GT impacts as two individual risks. Further, they reported on heat wave 

impact on GT/ST output – an assumed sub-impact which was not explicitly outlined by their peers. 

The segregation of this particular sub-impact could suggest that it is a risk recognized to have 

significant impact on Centrica’s operations and therefore it was decided to include it in the 

assessment. Keeping in line with the agreed methodology, the highest score between the 2 sub-

impacts was applied to both “air temperature average increase impact on GT” and “on ST”. 

EDF 

 In order to be able to directly compare this data against EDF’s peers, a weighting was applied 

between the two types of plants based on output capacity: fossil fuel plants contribute to 35.6% of 

EDF’s output whereas nuclear is responsible for 64.4%.  

 EDF did not provide plant level data in their fossil fuel assessment, but they did provide plant level 

data for their nuclear plants. Due to the similarities in capacity across the eight nuclear plants 

(between 1110 MW and 1250MW), it was determined not necessary to apply an additional set of 

weightings. This also provided consistency with the fossil fuel assessment which had been 

aggregated by EDF. 

 “Flooding of site”, “Flooding of Access Routes”, “Heavy Snowfall”, “Subsidence & Landslide”, 

“Extreme High Temperatures Impact on Water Discharge” and “Extreme winds” were all reported in 

both assessments making the calculation fairly straight forward. 

 “Flood events and extreme high river flow” did not receive a score in the nuclear assessment. 

Because flood events are a valid risk to nuclear plants, it was decided to consider the higher of the 

two scores reported within the flood category for nuclear plants and weight this against the risk score 

reported for the fossil fuel plants 

 “Storm surges” was not reported on in the fossil fuel assessment due to the fact that all three of EDF’s 

plants are located inland, on rivers and are therefore not susceptible to storm surges.  The score from 

the nuclear assessment was considered on its own without weighting. 
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 “Extreme high temperatures on GT” was also not applicable for EDF because none of their plants rely 

on gas turbines – EDF was excluded from comparison on this metric. 

 “Extreme high temperatures on ST” was divided into two sub-impacts for fossil fuel plants: Impact on 

“Unit efficiency” and likelihood for “unit trip”. These scores were equal and therefore easily combined 

into one metric. For the nuclear plants, EDF reported solely on “extreme high temperatures”. In order 

to include this score into the environmental risk assessment, it was decided to combine it with 

“extreme high temperatures on ST” with the appropriate weighting.  

 “Drought” received one score in the nuclear assessment which was considered for each of the three 

primary impacts with appropriate weighting. The fossil fuel assessment provided three individual 

scores which were considered separately.  

 “Extreme low temperatures” received one combined risk score for the nuclear assessment. This score 

was factored in across each of the pre-determined impacts with appropriate weighting against the 

fossil fuel scores. EDF did not report a score for the “extreme low temperature impact on cooling 

tower fans”, therefore they were excluded from comparison on this metric. 

 “Weather conditions causing plume grounding” was not scored in either assessment and therefore 

EDF was excluded from comparison on this metric.   

Intergen 

 Reported on plant level and provided averaged scores for the firm level environmental risk. Their data 

is presented in a table entitled “weighted corporate ratings summary”, however it was confirmed that 

the data is in fact not weighted. Therefore, manual calculations were performed to provide more 

accurate scores that were indeed weighted and could be better compared against peers.    

International Power 

 No manipulation necessary 

 

Drax Power 

 Did not report on:  

o Extreme high temperature impact on gas turbine 

o Extreme low temperatures on Cooling Tower Fans 

o Weather condition causing plume grounding 

 Drax did not provide plant level data and their risk scores were all rounded to a whole number which 

could alter the ability to accurately compare their riskiness against their peers. 

 

E.On 

 E.On provided a CCA risk profile which was not in line with the 17 pre-identified risks. They provided 

24 risks or “sub-impacts” which were divided into nine impact categories. It was necessary to 

manipulate the data for analysis.  

 Flooding: E.On reported on eight sub-impacts regarding flood.(See appendix XX)  I determined “High 

participation” and “Flood/ High precipitation in the catchment surrounding the site” to be categorized 
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as “flooding of site”. This included four risk scores: “Flooding within site boundaries”, “Impact on oil 

interceptors”, Debris at water inlet”, and “Impact on water quality”. The sub impact with the highest of 

these risk scores for current and future risk score was used to provide a metric for assessment 

against their peers. “Flooding of access routes to site” also provided 2 risk scores: “impact on critical 

commodity access and “impact on staff access”. Similarly, the highest of these scores were used to 

provide one current and one future risk score for the impact category. Finally, “extreme high river 

levels” was determined to be representative of “flood events and extreme high river flow” while 

“coastal flooding” was determined representative of “storm surge”. These scores therefore did not 

require manipulation.  

 Drought provided three sub-impacts. “Low river flow impacts on station cooling/operation” was 

determined to be aligned with “drought on water availability”. “Low river flow impact on compliance” 

was determined to be similar to “”Drought on water discharge (Permitting)”. “Restricted supply of 

towns water” was used as “Drought and change in water abstraction legislation”. The risk scores were 

directly carried over for the corresponding impact and did not require manipulation.  

 The impact of low temperatures was broken into three sub-impacts by E.on: “freezing of water-

containing equipment”, “anti-icing impact on performance” and low temperature impact on 

compliance”. It was not possible to determine alignment between these sub impacts and those being 

measured by their peers. Therefore the highest of the risk scores was taken and applied across the 

entire impact category of low temperatures.  

 Similarly, E.On reported on four sub-impacts for the overarching impact category of high 

temperatures: “high ambient temperature causing station trip”, “high air/ water temperature impact on 

compliance”, “high temperature impact on performance”, and “high temperature impact on 

occupational health”. Again, correlations with the sub-impacts reported on by their peers were not 

clear and it was decided to take the highest scores between the sub-impacts and apply it across the 

entire impact category. 

 “Extreme winds”, “Weather conditions causing plume grounding”, “heavy snowfall” and 

“Subsidence/landslide” were all reported on under such titles and therefore did not require 

manipulation. 

 Lightening was reported by E.On which was not identified as a primary hazard and not report on by 

any of the other electricity generators preventing it from being compared - therefore it was excluded 

from the analysis of risk.  

RWE (npower): 

 Npower provided significantly less information regarding their risk assessment in their adaptation 

report in comparison to their peers. They provided plant level data and reported on the 17 agreed 

upon impacts. However, where they found insignificant risk they excluded the information. With nine 

primary plants included in the report, one would expect 153 pieces of data (9*17) measuring current 

risk and the same measuring future risk. The reality of npower’s report was 17 pieces of data relating 

to current risk (11.1%) and 21 pieces of data relating to future risk (13.7%). The ability to properly 

analyze the data in comparison to their peers is greatly hindered.  
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 That being said, the methodology was adapted to be able to work with npower’s data to the greatest 

extent possible. In weighting the scores, it was necessary to consider the each risk impact in 

proportion to only those which were reported on for that impact. The alternative would’ve allowed for 

upwards to 76% of the risk for each impact to be counted as ‘0’ due to lack of reporting and would’ve 

evidently skewed the scores.  

 Because npower reported no scores at all for 9 of the 17 impacts, they were excluded from the 

analysis on more than half the defined environmental impact risks. This may have also altered their 

environmental risk average and skewed the overall results.  

SSE: 

 SSE did not report plant level data. They claim their scores were weighted by output, but without the 

plant level data it is not possible to verify this. Further scores were rounded to whole numbers leaving 

room for error.  

 SSE reported on 38 climate change risks within 10 causative climate variables. The data had to be 

adapted. 

 Regarding the impact of flooding, there were ten sub-impacts listed with corresponding risk scores. 

The highest of these scores for current and future risk were applied for each of the three pre-defined 

flood related impacts. 

 Extreme winds garnered three sub-impacts which were compared and the highest of the risks carried 

forward. 

 Extreme high temperature was dived by four sub-impacts. One of these sub-impacts was directly 

related to “extreme high temperature on water discharge” and therefore its risk scores were applied to 

this impact. Of the remaining three sub-impacts, the highest risk score was determined and applied to 

each of the two remaining impacts related to high temperatures. 

 “Extreme low temperature” was reported on by eight sub-impacts. Three of these sub-impacts had 

resemblance to the pre-determined impacts and the remaining five had lower risks scores which 

would’ve been excluded when the methodology was applied. Rather than take the highest of the eight 

scores and apply it to all low temperature related risks, it was decided to retain the three sub-impacts 

with pre-determined impact resemblance independently. This allowed for more accurate comparison.  

 Drought was comprised of three sub-impacts from which direct correlations could not be drawn to the 

pre-determined impacts. Therefore the highest of the three risks scores was applied to all drought 

impacts.  

 Several of the sub impacts reported by SSE were directly related to the pre-defined impacts and 

therefore their scores did not need to be manipulated. This includes, “storm surge”, “extreme 

snowfall”, “subsidence/ landslide”, and “weather conditions causing plume grounding”. 

Scottish Power: 

 Scottish Power reported separate risk scores for each of their five power stations. Keeping in line with 

the strategies of their peers. The scores were weighted against the capacity of the plant to represent 

the potential risk to capacity loss each hazard carried. These scores were combined to provide one 

current risk and one future risk for each of the seventeen hazards.  
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APPENDIX C: Company-Level Risk Mitigation Assessment 

FLOOD AND STORM SURGE 

Centrica Drax E. On EDF Intergen Int’l Power npower Scottish SSE 

Centrica Energy 
is reliant on the 
Environment 
Agency 
maintaining flood 
defences and 
the Drainage 
Boards 
maintaining 
drains in good 
condition. The 
EA and 
Drainage Boards 
have made a 
commitment to 
maintain or 
improve flood 
defences in the 
areas of 
concern. If this 
position was to 
change then 
Centrica Energy 
would have to 
re-assess the 
risks. 
 

Mitigation 
measures 
already in place 
will ensure the 
safety of 
personnel 
working at the 
plant and will 
reduce 
the impact of 
any flooding on 
operational 
equipment.  
 
The potential for 
flooding and the 
robustness of 
mitigation 
measures will be 
reviewed as part 
of the annual 
update of the 
site’s Corporate 
Risk Register. 
Future reviews 
will take into 
account revised 
flood risk 
assessments as 
well as any 
updated 
guidance from 
UKCIP and the 
Environment 
Agency 

The problem can 
generally be 
managed by 
increased 
checks / 
maintenance.  
 
 
The potential 
impact on critical 
commodity 
availability is 
mitigated by 
appropriate 
storage 
quantities and 
re-ordering 
procedures. The 
potential impact 
on staff access 
can be mitigated 
by extending / 
altering shift 
patterns.  
 

All sea defences 
and climate 
change data are 
subject to 
scrutiny under 
the periodic 
safety review 
process.  
 
own off-road 
vehicles to 
enable 
continued 
access for 
personnel 
should this 
reoccur 
 
At the current 
time we are 
undertaking an 
industry level 
review of flood 
risk assessment 
based on the 
recent events at 
the Fukushima 
nuclear plant in 
Japan. This work 
will underpin 
future risk 
assessments for 
our stations on 
flood risk. 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

Alternative 
access routes 
· Manage shift 
patterns 
· Remote 
working from site 
using 
communications 
technology 
· Increased 
storage of 
essential 
supplies 
· Use of all 
terrain vehicles 

Monitor and review 
developments in 
future flood 
modelling (’flood 
maps’ consistent 
with UKCP09 
projections). Risks 
to be reassessed 
as further 
information 
becomes 
available. 
 
Routine schedule 
of cleaning stones 
from the sea wall. 
 
Hard flood 
defences built to 
the west to protect 
the station from 
1:200 flood events.  
 
Pumps and other 
vulnerable cooling 
water equipment 
designed to cope 
with flood risk. 
 
Periodic review of 
Business 
Continuity 
Management 
procedures in 
place at each 
individual site. 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

Develop response to 
flood risk 
assessment 
 
Liaise with 
Regulator on the 
flexible adaptive 
arrangements in 
future legislation 
 
Where applicable, 
implement flood risk 
assessment 
Recommendations 
Maintenance and 
monitoring of plant 
 
Review and 
maintenance of 
drainage systems 
 
Develop response to 
flood risk 
assessment 
 
Where applicable, 
implement flood risk 
assessment 
recommendations 
and develop closer 
links with other 
agency stakeholders 
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EXTREME HIGH TEMPERATURES 
Centrica npower EDF E. On SSE Scottish Intergen Int’l Power Drax 

Centrica Energy 
power station use 
air condensed 
cooling and use 
water for cooling.  
 
The temperature 
impact on ACC 
plant is more 
significant that 
the water cooled 
plants. There are 
mitigation 
measures being 
tested with 
ACCs. These 
trials include 
decreasing wind 
shear and 
supplementary 
evaporative 
cooling at the 
ACC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cooling capacity 
increased to 
further protect 
control systems 
and blowers 
available as back 
up. 
 
Response plans 
implemented at all 
stations to review 
all work related to 
heat stress 
assessment and 
provisions of 
potable water in 
case of extreme 
heat events.  
Regular 
maintenance and 
inspection of the 
HVAC systems 
mitigates their 
failure during 
times of demand 
and back up 
blowers are kept 
on standby. 
 
Use of plant 
monitoring to 
improve 
understanding of 
the behaviour of 
the machines and 
pro-actively 
identify particular 
issues being 
caused by 
extreme ambient 
temperatures. 

We looked at the 
impact of 
extreme 
temperatures on 
chemical 
storage.  
 
Provision will be 
made for storage 
facilities which 
preserve and 
protect our 
chemical and fuel 
oil supplies. 

In order to 
maintain 
compliance, 
stations would 
mitigate the 
problem by 
reducing load or 
storing the water 
until it has cooled 
sufficiently (where 
possible). 
 
General 
management 
instructions for 
ongoing 
monitoring, 
control and 
mitigation are in 
place. Examples 
of mitigation 
include; limiting 
operator working 
hours, providing 
air conditioned 
rooms and 
increasing 
building 
ventilation.  
active 
participation in 
relevant trade 
associations and 
bodies; and 

Investigate 
cooling options 
 
Improved 
forecasting of 
temperature 
projections to 
prepare 
mitigation action 
 
Where sites are 
affected 
(predominantly 
inland river 
stations) seek 
consent to vary 
Permit 
temperature 
limits 
to maintain 
security of 
supply. 
 
Continue training 
and guidance 
related to 
working under 
high temperature 
conditions 
 
Such impacts are 
considered as 
part of the 
Maintenance 
Strategy project  

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

Increased cooler 
cleaning 
maintenance 
· Parallel use of 
standby coolers 
· Additional 
temporary cooling 
using hoses 
· Load reductions 
as an emergency 
back stop 

Drax have 
undertaken a 
significant 
amount of work 
to correlate 
ambient air 
temperatures to 
likely cooling 
water discharge 
temperatures.  
 
While the 
likelihood of 
ambient  
temperatures 
being above the 
threshold that 
would result in 
cooling water 
temperatures 
approaching that 
station’s limit is 
low, as defined 
by the UKCIP 
model, the 
impact would be 
serious.  
 
Drax has started 
discussions with 
the regulator 
(Environment 
Agency) 
regarding options 
to mitigate the 
risk of a breach 
of the limits in the 
Environmental 
Permit. 
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DROUGHT 
Centrica npower EDF E. On SSE Scottish Intergen Int’l Power Drax 

Centrica Energy 
will explore the 
establishment of 
a drought risk 
management 
plan with the 
local water 
authorities and 
review drought 
resistant 
technologies at 
the sites. 
  
Centrica Energy 
sites use air 
condensed 
cooling thus do 
not use process 
cooling water.  
 
All Centrica 
Energy power 
stations have 
reviewed their 
water usage and 
taken action to 
reduce the 
consumption of 
water. However, 
it would be 
worthwhile to test 
stress levels to 
drought at the 
stations and 
review the 
mitigation 
options. 
 

Monitor and 
review 
developments in 
future river flow 
modelling.  
 
Risks to be 
reassessed as 
further information 
becomes available  
 
Mitigation through 
storage of Heat 
Recovery Steam 
Generator's make 
up in tanks on site 
(to mitigate towns 
mains interruption 
risk) and reservoir 
for 
raw water 
 
engage with 
Government and 
Regulators during 
Abstraction 
Licence reform 
process 
stakeholder 
consultations.  
 
Monitor and 
review developing 
legislation. 
 
Monitor and 
review 
developments in 
future river flow 
modelling 
 

Provision is 
made for 
seawater to 
make up post trip 
boiler feed in the 
most extreme 
drought scenario 
but this is at the 
expense of 
significant plant 
damage and for 
nuclear safety 
purposes only.  
 
Some stations 
also discharge 
minor trade 
effluent to 
ditches and 
shallow streams. 
Consents state 
that under 
drought 
conditions this 
would not be 
permissible. 

Water storage is 
generally used to 
mitigate such 
impacts.  
 
Furthermore, 
CCGT plants with 
open cycle 
functionality can 
continue to 
generate 
electricity from the 
GT without the 
steam turbine. 

Implement water 
efficiency audits 
at sites and 
implement water 
saving measures. 
 
Consider 
improvement to 
effluent 
management, 
through 
the use of site 
water efficiency 
audits to identify 
treatment and 
management 
options 
 
Investigate 
technical options 
such as water 
use 
minimisation, 
alternative 
cooling 
approaches. 
Flexible 
adaptive 
arrangements 
required within 
future Regulation 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

Engagement with 
the local River 
Basin 
Management 
plan will continue 
in order to 
assess the 
ongoing 
availability of 
water 
 
Drax will continue 
to work with 
DEFRA and the 
Environment 
Agency 
regarding 
development of 
revised water 
rights 
regulations. 
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EXTREME LOW TEMPERATURES 
Centrica npower EDF E. On SSE Scottish Intergen Int’l Power Drax 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

Inspections and 
preventative 
maintenance via 
trace heating, 
lagging, etc. 
 
Temporary 
winterisation 
measures outlined 
in local 
procedures. 
 
 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

The risk can be 
mitigated by 
inclusion of the 
affected 
equipment in 
buildings, 
localised heating 
and trace heating. 
 
To prevent this, 
an anti-icing 
system is used 
during periods of 
ambient 
conditions when 
ice might form.  
The anti icing 
system extracts a 
portion of the 
compressed air 
from the exit of 
the compressor 
and recycles it 
back to the filters 
at the inlet end to 
warm up the 
incoming ambient 
air. 
 
In order to 
maintain 
compliance, 
stations reduce 
load. 

Review additional 
storage capacity, 
commodity 
ordering 
Process.  
 
Outwith the 
control of SSE 
Sites, this 
requires 
attention from 
Local Authorities 
and / or 
Highways 
Agency in Winter 
preparedness 
plans 
 
Implement cold 
weather 
protection 
strategy, 
additional 
lagging and/or 
heating options 
 
Maintain 
inspection 
checks 
Implement 
engineering 
asset strategy 
relating to system 
operation 
 
Consider water 
use and 
operations 
 
 
 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

Increased 
maintenance of 
insulation and 
trace 
heating 
· Use of temporary 
wind screening 
and housings 
· Additional 
portable heaters in 
strategic positions 
· Site specific 
programmes of 
protection 
improvements 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 
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OTHER CLIMATE HAZARDS 
Centrica EDF npower E. On SSE Scottish Intergen Int’l Power Drax 

Current local 
emergency 
procedures in 
place at all power 
stations (e.g. 
restricted work 
activities during 
high winds). 
 
Inspection of 
cladding and 
improvement of 
cladding that is 
most exposed to 
high winds (e.g. 
stack) 
 
Mitigation mainly 
occurred in the 
designing phase 
- to guarantee 
that 'ground 
fogging' events 
are sufficiently 
rare. 
 
Bi-annual civil 
assets survey to 
monitor 
subsidence and 
landslide risks 
and its effects on 
the existing 
structures. 
 

EDF Energy 
monitors a 
number of key 
buildings and 
plant to ensure the 
settlement 
beneath the 
structure is 
secure.  
 
EDF Energy’s 
engineers monitor 
the settlement 
below the 
pressure vessel 
and reactor 
building to identify 
such issues as 
soil liquefaction.  
 

Stations mitigate 
the potential 
hazard by 
monitoring at-risk 
areas and 
performing 
preventive 
maintenance. 
 
The potential 
impact on critical 
commodity 
availability is 
mitigated by 
appropriate 
storage 
quantities and re-
ordering 
procedures 
 
In order to 
maintain 
compliance, 
stations can 
reduce load. 
Generally, the 
necessary 
meteorological 
conditions are 
short lived. 
 
Were subsidence 
to become an 
issue, regular 
monitoring would 
be put in place. 

Maintain civil 
engineering 
monitoring and 
audit inspections 
to advise of 
possible risks 
 
Procedures in 
place to barrier 
and exclude 
access to 
potential risk 
areas in the event 
of high winds. 
Continue with 
inspection 
programmes of 
vulnerable 
cladding and 
upgrade where 
necessary. 
 
Consider pollution 
control 
maintenance 
regime 
 
Procedures in 
place to barrier 
and exclude 
access to 
potential risk 
areas in the event 
of high winds. 
Continue 
with inspection  
programmes of 
vulnerable 
cladding and 
upgrade where 
necessary. 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 

any relevant 
significant risks 
will become an 
integral part of 
the company’s 
risk management 
process and as 
such will be 
subject to the 
normal review / 
update and 
action process 
are as all other 
business risks. 

The structural 
stability of the 
plant is 
assessed through 
a rolling civil asset 
survey, which 
assesses whether 
deterioration has 
occurred 
and that resilience 
to storms is 
maintained. 

No evidence of 
mitigation efforts 
beyond industry 
initiatives 
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APPENDIX D. Environmental Risk V. Credit Ratings – Individual Impact Mapping 
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