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ABSTRACT 

Consumers’ perceived value (CPV) is a concept characterizing the customer-supplier 

interface. It helps suppliers to improve long-term business performance through a 

systematic approach quantifying value customers associate with purchasing a market 

product or service. Current applications are limited to highly competitive markets and there 

is a lack of agreement on its definitions, grounding theories and quantification approaches. 

This study aims to address this research gap by defining CPV more comprehensively and 

demonstrate a first quantification in investigating an underexplored traditional market, the 

energy sector. The research contributes to academic discussion through: 1) adding to theory 

by introducing a unified and general conceptual framework of CPV grounding upon CPV-

related theories and approaches analyzing, synthesizing and harmonizing links across 

academic disciplines, 2) deriving an energy-specific model based on the sustainable 

development approach to investigate changes in the customer value creation process under 

the energy sector transformation as a result of renewable generation integration, market 

liberation and introduction of customer-oriented products and services, and 3) developing 

a first quantification methodology based on hedonic pricing method, identifying 

determinants in technical, economic, social and environmental dimensions with 

willingness to pay (WTP) as proxy for CPV from the supplier’s perspective, demonstrating 

its application and viability in an empirical study for the electric energy sector of New 

Brunswick. Results in this case show that economic determinants are the main contributing 

factor for segments of urban and rural customers, while social determinants are the key 

contributing factor for residential and industrial customers. This demonstrates the necessity 

of a more comprehensive and multi-dimensional model to develop products and services 

that better fit customers’ needs. The new framework offers the opportunities to be applied 

in other jurisdictions, but more importantly be also applied in other business sectors.
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1 INTRODUCTION 

The introduction is setting the big picture of the thesis by introducing guiding research 

question, objectives, the concept of customer perceived value (CPV), and why the electric 

utilities are an ideal candidate, as well as its research significance and the general 

methodology and outline of the dissertation. 

As global markets are becoming increasingly competitive, this requires an improved 

understanding of consumers to develop products and services that are perceived of high 

value by customers. Significant research is undertaken in this area until the recent 

introduction of the new construct customer perceived value introduced in the late 1990s. 

However, there is still ongoing discussions around the definition and quantification of this 

concept, as well as little empirical work introduced so far, as further discussed in the 

introduction. In addition, another ongoing trend in the energy sector leads to the 

transformation of the sector from natural monopolies for electric utilities to competitive 

markets through market liberation activities (Bai , Jiang, & Da, 2018) and small-scale 

renewable generation. The work of Bai, Jiang, & Da gives an example for this trend 

through the recent electricity reform in order to enable electricity market liberalization.  

This specific challenge requires an increasing customer orientation, qualifying the energy 

markets as ideal candidate for the concept of customer perceived value. Through the 

guiding research question introduced in this chapter, how customer perceived value can 

help electric utilities successfully undergo this business transformation, the research 

presents in chapter 2 not only a conceptual framework to better define, distinguish and 

quantify the construct of customer perceived value through an interdisciplinary academic 
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review, but also introduces a first novel industry specific approach to quantify CPV for the 

electricity sector elaborated in chapter 3. Moreover, the research will apply the framework 

practically and demonstrate an empirical study on a Canadian utility in chapter 4.   

1.1 Evolvement of energy utilities and their suitability as ideal candidate 

Electric utilities evolved from the gas and electric carbon-arc commercial and street 

lighting system since 1880, when Pearl Street power station was founded by Thomas 

Edison and started the generation, transmission and distribution of electricity in lower 

Manhattan, New York. Since then, the energy market gradually evolved by undergoing 

systemic changes in corporate structures, reformation of tariff plans, and introduction of 

customer engagement approaches over temporal and spatial boundaries. Nowadays, 

innovations like smart grid and renewable energy technologies have been incorporated and 

transformed the conventional business of electricity utilities (Gilliland & Teufel, 2015). 

However, similar to other well-established industries, electric utilities had the problem of 

corporate inertia: its business model still remained as the 1880’s supplier-oriented 

approach through which companies only aimed at generating, transmitting and distributing 

electricity to meet customers’ maximum demand (Sosna, Trevinyo-Rodríguez, & 

Velamuri, 2010). 

However, it was suggested that this one-way conventional business model with its 

ignorance for customers’ needs and thoughts (Gilliland & Teufel, 2015) was no longer 

applicable due to the transforming energy markets worldwide through the loss of natural 

monopolies, market liberalization, new competitors entering the market, introduction of 

renewable energy resources, and inventions of smart grid technologies. Some also further 
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argued that current adjustment in utilities’ planning approaches such as unregulated 

markets and demand side management failed in addressing the fundamental problems 

arising from the outdated business models (Belyaev, 2010; Ringel, 2003). D’Sa (2005) 

even stated that the integrated resource planning that firstly introduced by Public Utility 

Regulatory Policies Act (PURPA) in 1978 and promoting the combination of supply side 

and demand side management planning in forecasting future energy demand was mistaken 

as panacea in dealing with existing resource problems, but not actually tackling with 

fundamental causes. In other words, in the case of electric utilities, the solution should aim 

at innovating existing business model, products and services and improve the customer 

understanding to address current problems primarily caused by a transforming market.  

 

1.2 Research objectives and questions 

The electric power industry is characterized by corporate inertia, outdated business 

practices and inflexibility to market dynamics, serves as the ideal candidate for this novel 

study in investigating the effectiveness of the recently introduced marketing concept in the 

late 1990s - the concept of CPV - in enhancing the performance of traditional industries in 

the current transforming business environment. Gross (1997) proposed to replace the 

concept of “consumer’s satisfaction” by CPV under the argument that purchasing is 

primarily initialized by economic reasons rather than emotional ones; and CPV is now 

usually defined as a trade-off between sacrifices and benefits perceived by the customer 

towards a good or a service (Dodds, Monroe, & Grewal, 1991; Zeithaml, 1988).  
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Regarding the research objective, an overarching research question with the two 

corresponding sub-question was formulated: How can the concept of “customers’ 

perceived value (CPV)” address problems caused by outdated traditional business 

models for electric utilities? 

 

i) What are elements determining CPV towards market products or 

services?  

 

ii) How can CPV be applied to energy products and services? 

 

The first question aims to identify the influential factors determining CPV towards 

general market products and services, as well as to construct a conceptual framework 

demonstrating the interactions between these factors and CPV. The conceptual framework 

is required to structure and integrate the fragmented literature across academic disciplines, 

address the lack of agreement between scholars and derive a multidimensional approach 

for estimation of general market products and services. The second question intends to 

investigate and test how the conceptual framework for CPV can be implied and measured 

for energy products and services, to fix the current problems caused by the conventional 

business models and promote better success for electric utilities in a rapidly transforming 

energy market. The performance of the electric utility focuses on the processes to build 

sustainable products or services with higher customer perceived value in all dimensions 

(e.g. social, technical, economic, environmental) to ensure higher competitiveness in the 

market, resulting in overall success for the utility. 
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1.3 Customer Perceived Value (CPV) 

Customer perceived value is one of the latest marketing concepts developed on the basis 

of previous discussions of concepts like “theory of value” and “customer satisfaction”. It 

is based on the assumption that a customers’ opinion or view towards a market product or 

service, namely customer perceived value, is formulated not only based on the product or 

service itself, but also influenced by a branch of other elements, such as customer’s cultural 

and personal values, his/her opinions and experiences related to the product/service 

provided. This concept of CPV has been even argued to be on the verge of overtaking price 

and product quality as the key factor determining performances of products, services, and 

organizations (Anastasia, 2017). Shifting marketing approaches from product- and service-

oriented approaches to customer-oriented ones, and measures in improving customer 

experience and perception have also been considered as essential mean to achieving 

company’s success and gaining success in a competitive market (Vargo & Lusch, 2004; 

Zeithaml, Berry, & Parasuraman, 1996; Woodruff, 1997). 

Cronin et al. (2000) remark that customers are highly value-driven; accordingly, 

companies and organizations need to understand their perceived value towards a product 

or service to achieve marketplace advantage. The concept of CPV was firstly raised with 

the notification of significant influences in organizations’ performances of the customers’ 

sharing of product or service-related experiences in platforms like word of mouth, forums, 

social media and even shopping portals; and soon has been seen as one of the most 

important marketing strategies of the twenty-first century (Eggert & Ulaga, 2002; 

Blackwell, 2001; Payne & Holt, 2001; Kotler, 2000; Gale, 1994). It has been stated that a 

positive CPV can then encourage buying decisions of other potential buyers; and therefore, 
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boost the performances of products and services and lead to the success in competitive 

markets. Some even further argued that the identification and creation of positive CPV can 

assist in building long-term relationships with customers and facilitate organizations’ 

continuous development (Chahal & Kumari, 2012).  

While in academia, compared to the number of studies in customer-related concepts like 

customer satisfaction, quality, customer value and personal values, the concept of customer 

perceived value is still under-explored and has just started to receive more attention 

recently. A Worldcat1 search of the changes in annual number of peer-reviewed journals 

studying “customer perceived value” from 1985 to 2018 indicates a dramatic increase over 

this 30-year period (see Figure 1). Among the 39 databases analyzed2, it showed that the 

number of studies related to CPV have increased drastically over the period of thirty years. 

The highest number of publications was found in the recent five years, with more than 140 

peer-reviewed journal articles published annually. This reflects the ongoing development 

                                                 

1 WorldCat itemizes collections of 72,000 libraries that participate in the Online Computer Library Center 

(OCLC) global cooperative. 

2 Databases: WorldCat.org, IEEE Publications Database, ABI/INFORM Complete, Emerald Group 

Publishing Limited, Wiley Online Library, SpringerLink, OAIster, ScienceDirect, Taylor and Francis 

Journals, CBCA Complete, Business Source Complete, PsycARTICLES, SAGE Journals, MEDLINE, 

ProQuest Nursing & Allied Health Source, ERIC, Academic Search Complete, ACM Digital Library, 

JSTOR Arts & Sciences IV Collection, JSTOR Arts & Sciences X Collection, JSTOR Arts & Sciences VII 

Collection, JSTOR Arts & Sciences VI Collection, JSTOR Arts & Sciences IX Collection, Project Muse, 

JSTOR Arts & Sciences II Collection, BioMed Central, Institute of Physics eJournals and Archive, Art 

Index, Informa Healthcare e-Journals, Oxford Journals. 
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of CPV in an academic aspect and also shows the potential of using this developing concept 

in studying the traditional energy industries. 

 

Figure 1: Changes in number of peer-reviewed journal on CPV from 1985 to 2018 (Data source: 

WorldCat – author’s illustration)  

 

However, since CPV is still a relatively new concept, there is now a lack of general 

agreement on its definition, theoretical grounding and practical application. Ongoing 

studies have been found of theoretical background, definitions, determinants, 

measurement, and practical application of the concept of CPV; but most are limited to 

theoretical discussions with little practical applicability or represent a narrow view within 

one academic discipline. Therefore, apart from employing CPV in investigating the energy 

market, another major research task will develop an interdisciplinary conceptual 

framework of CPV, which will be discussed in Chapter 2 in detail.  

To identify the knowledge gap in the existing literature in CPV, a series of related 

literatures in terms of theoretical background, definition, elements and determinants of 

CPV will be reviewed in the following sections. This will be the basis to propose an 
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interdisciplinary conceptual framework as the solution to address existing gaps in the 

following Chapter 2.  

As briefly mentioned in this chapter, the concept of CPV has received increasing 

attention in academia, the complexity of the concept has resulted in wide-ranging 

discussions and various viewpoints across scholars and academic disciplines. There is no 

consensual agreement among scholars as to definitions, theoretical background, influential 

elements, of measurement scales of CPV. Some scholars like Zeithaml (1988) and Dodds, 

Monroe and Grewal (1991) focused on its theoretical foundations and classification; while 

a few (Chang & Dibb, 2014; Gale, 1994) attempted to investigate the variations in CPV 

from various stakeholder perspectives. Another group of them have followed the 

classifications and investigated the interdependencies between CPV and the influential 

elements, namely dimensions (Kotler, 2000; Sheth, Newman, & Gross, 1991). Finally, 

following the idea of dimension, some attempt to identify and test the contribution of 

determinants in various dimensions (Parasuraman & Grewal, 2000; Lin, Sher, & Shih, 

2005), and others aim at introducing a precise and valid measurement scale or approach 

for CPV (Zhou, Li, & Li, 2008 ).  

Therefore, in order to address the issues caused by the various previous discussions of 

CPV, the following sections will provide a systemic review of CPV-related studies in four 

major sections: i) theoretical background and classification ii) definition and finally iii) 

grounding elements. The following Chapter 2.1 will extend the literature review by 

assessing iv) frameworks illustrating the interaction between elements of CPV in order to 

build a strong fundamental to identify and present knowledge gaps in the existing studies. 

Yet, it is important to note that the studies related to measurement scales and approaches 
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will be discussed in the Chapter 2.4.2.1 (see detailed discussion in section Willingness to 

pay (WTP)).  

 

Table 1: Structure of literature review 

Previous CPV-related studies reviewed Corresponding sections 

Theoretical background and classification of CPV for 

general products and services 
➔ Section 1.3.1 

Studies on the definition of CPV for general products and 

services 
➔ Section 1.3.2 

Studies on the elements grounding CPV for general 

products and services 
➔ Section 1.3.3 

Frameworks illustrating the relationship between elements 

and CPV for general products and services 
➔ Section 2.1 

Implications of CPV in energy industry ➔ Section 2.2 

Knowledge Gap and Research Hypothesis ➔ Section 2.3 

 

1.3.1 Theoretical background and classification of CPV 

In the current literature, the term of “customer perceived value (CPV)” have found to 

be poorly differentiated from other related concepts, like “values” (Long, 2000; Lai, 1995), 

“utility” (Kahneman & Tversky, 1979), “satisfaction” (Heskett, 1994), “beliefs” (Bolton, 

1998), “benefit” (Monroe, 2003) and “quality” (Holbrook, 1994). And as summarized by 

Woodall (2003), 19 different terms like “values” and “perceptions” have been utilized to 

refer to the concept of CPV by scholars with various backgrounds. In addition, it has been 

criticized that even in extensive studies, the theoretical discussions and linkages to relevant 

concepts has still remained vague and unclear, (Sánchez-Fernández & Iniesta-Bonillo, 

2007; Lapierre, Filiatrault, & Chebat, 1999), which has become one of the major obstacles 

for researchers in communicating in a common language and raising sound conclusions. 
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Therefore, to address the problem of unclear theoretical backgrounds of the concept of 

CPV, the following presents an illustrative timeline of the development of CPV-related 

theoretical studies on the basis of uni- and multi-dimensional categorization approach 

proposed by Sanchez and Bonillo (2007); and classified on the number of aspects 

potentially influencing CPV, namely dimensions, in concern.  

As it can be seen from the following Figure 2, the development of theoretical studies on 

CPV was generally divided into two categories: i) uni-dimensional, which views the 

concept of CPV as a single overall latent construct that is measured by a self-reported item 

or set of items, influenced or produced by multiple antecedents; and ii) multi-dimensional, 

which considers CPV as a construct involving two or more latent constructs 

simultaneously.  
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Figure 2: Timeline for theoretical studies on customers’ perceived value (CPV) – author’s 

illustration 
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The first category of studies, uni-dimensional category, was prevalent from 1982 to 

1991. Yet, its origins could be traced back to the economic theories in the eighteen 

centuries, like the “theory of value” which represents a set of economic theories explaining 

the exchange value or price of products and services developed over many centuries. These 

theories were created by a diverse group of contributors starting with Aristotle and 

continuing to eighteenth century economists and philosophers like Adam Smith, and Karl 

Marx. In the early 1980s, when economic concepts gradually shifted from classical 

economics to neoclassical economics, Dodds and Monroe (1985) firstly identified CPV as 

a uni-dimensional concept consisting of only product-related features like quality and 

price, namely price-based studies. Consequently, his concept was expanded by scholars 

like Batra & Ahtola (1990) and Tellis & Gaeth (1990). Based on the economic concept of 

“theory of utility”, Batra & Ahtola (1990) and Tellis & Gaeth (1990) both started to 

introduce the construct of CPV for a market product and service as derived by the 

difference between the “utility” provided by the attributes of a product associated with 

hedonic feeling and the “disutility” represented by the price paid associated with rational 

thinking. Following this approach, some further scholars also implied the term “utility” 

into the discussions of CPV (Afuah, 2002; Thaler, 1985). 

Another prevalent stream in the uni-dimensional category was the mean-end theory 

introduced by Zeithaml (1988), which describes CPV as trade-off between benefits and 

sacrifices. In other words, the net value of CPV is determined based on the trade-off 

between benefits like physical attributes, service attributes and technical support of the 

products or services and sacrifices like the amount of price to paid (Anderson, Fornell, & 

Lehmann, 1994; Dodds, Monroe, & Grewal, 1991); and was often accessed by approaches 
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like economic and cognitive reasoning. Apart from the general structure, Zeithaml (1988) 

also proposed other distinctions in identifying benefits and sacrifices, such by intrinsic / 

extrinsic cues of the products and by objective / subjective attributes of customers. 

Zeithaml’s (1988) words, “the overall assessment of the utility of a product based on 

perceptions of what is received and what is given” [pp. 31-46], has even became one of the 

most cited definition of CPV in academia throughout years. Yet, despite the studies in the 

uni-dimensional category that made important contributions in further clarifying the 

concept, it shows the complex nature of CPV, identifying points of disagreements, and 

knowledge gaps, it is criticized to be too simple and failed to consider fewer tangible 

benefits and sacrifices like social, emotional and conditional values.  

While, the second category, i.e. the first multi-dimensional concepts was first 

introduced by Sheth et al. (1991) in the nineteenth century and is still being widely adopted 

nowadays (Leroi-Werelds, 2014; Sweeney & Soutar, 2001; Kotler, 2000). Researchers 

under this category emphasized the importance of affective and emotional dimensions in 

constructing CPV, aside from the cognitive and economic aspects originally discussed in 

uni-dimensional studies. For example, Sheth et al. (1991) introduced social, emotional, 

epistemic and conditional value dimensions; Kotler (2000) included the ideas like time 

costs, energy costs and psychological costs, while Sweeney & Soutar (2001) proposed an 

approach, the perceived value scale, investigating four interrelated dimensions (functional, 

social, emotional and economic dimension). And with the increasing acceptance and 

attentions of the multi-dimensional constructs among researchers, a wide range of theories 

were introduced like consumer behaviour research and consumption value theory (Leroi-

Werelds, 2014).  
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However, as argued by scholars (Zauner, Koller, & Hatak, 2015; Leroi-Werelds, 2014; 

Oliver, 1999) the importance of theoretical perspectives of CPV was recognized, other 

aspects of the concepts like dimensionality, abstraction, and model taxonomy was also 

essential to be studied. Therefore, in order to have a more holistic understanding of the 

concept of CPV, the next two sections will review studies discussing definitions and 

influential elements of CPV, respectively. 

 

1.3.2 Studies on the definition of CPV 

As discussed in Section 1.3, the concept of CPV has gained increasing attention across 

multiple disciplines; and consequently, resulted in a huge variation and discipline-specific 

discussions on definitions, theories, and conceptual frameworks of CPV. Some defined 

CPV based on knowledge within their own academic discipline, while others attempt to 

define based on classification frameworks proposed (see detailed discussion in Section 

1.3.1) or influential elements identified like dimensions, customer segments, and 

transactional relationships. Therefore, in order to achieve a better understanding and 

improved definition of CPV, this section attempts to present a systemic and holistic 

organization of definitions proposed in term of academic disciplines, research streams and 

classification categories.  
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1.3.2.1 Definition by disciplines 

 

Figure 3: Illustration of major disciplines with studies on CPV – author’s illustration 

 

As illustrated in Figure 3, the existing studies related to CPV have been conducted by 

scholars in six major disciplines, including marketing, economics, psychology, 

neuroscience, management and axiology. And among these six, the majority of studies was 

done in marketing (Sweeney & Soutar, 2001; Woodruff, 1997; Zeithaml, 1988; Dodds & 

Monroe, 1985). While, the concept was also investigated in alternative disciplines like 

economics (Monroe, 2003; Kotler, 2000; Gale, 1994), psychology (Patterson, 1997; 

Rokeach, 1973), management (Spiteri & Dion, 2004; Wang, Lo, Chi, & Yang, 2004; Mizik 

& Jacobson, 2003; Slater, 1997), axiology (Holbrook, 1999) and neuroscience (Plassmann, 

Ramsøy, & Milosavljevic, 2012; Koller & Walla, 2012); different definitions were 
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presented. However, as criticized by Lemmink (2005), Rust & Oliver (1994) and Holbrook 

(1999), these definitions were still confined in their own disciplinary knowledge, with only 

a little inter-disciplinary discussions spotted.  

 

1.3.2.2 Definition by research streams 

In additional to the variation in definition of CPV across disciplines, differences can 

also be found within each discipline. The following figure (Figure 4) illustrates research 

streams or theories in each discipline. Using the field of marketing as an example, it can 

been seen that within this discipline, there are three distinct prevalent theories discussing 

CPV: i) consumption value theory stating that CPV entails a variety of forms of value like 

functional, emotional, social, epistemic, and conditional (Pura, 2005; Sheth, Newman, & 

Gross, 1991), ii) customer value theory defining CPV as an interactive preference 

experience constructed based on three major dichotomies of extrinsic versus intrinsic, self-

oriented versus other-oriented and active versus reactive (Holbrook, 1999; Holbrook, 

1994) and iii) consumer behavior theory viewing customers as rational individuals who 

have perfect market information, fully understand his/her needs and able to determine the 

value/ CPV of the products (Hu, Kandampully, & Juwaheer, 2009; Harcourt, 2011). 

One of the most cited theories in defining CPV can be found in economics (theory of 

utility, rational choice theory and social exchange theory), management (value creation 

theory) and psychology (social exchange theory). Each theory offers its own perspectives 

in viewing CPV, through distinct development paths and evolved across academic 
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disciplines; therefore, it causes challenges in linking them in the multi-disciplinary 

settings.  

 

Figure 4: Research streams / Theories of CPV in six major disciplines – author’s illustration 
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1.3.2.3 Definition by disciplines, research streams and classification categories 

Finally, in this section, a table (see Table 2) will be presented that combines and 

organizes the discussions of theoretical background and definitions of CPV reviewed in 

the above two subsections in order to better visualize the variation on definitions of CPV 

in existing literature. Through the presented table, it can be summarized and concluded 

that the key publications defining CPV in term of disciplines, research streams and 

classification categories, clearly reflect the wide range of variety in the current discussions. 

It can be also clearly identified that there is an absence of a general agreement in definition 

of CPV. Misunderstanding might easily be caused and result in difficulties in 

communicating among scholars. Inconsistent perspectives that are included in some of the 

work might also lead to a multitude of disconnected and ambiguous definitions.  

Consequently, this study argues that instead of adding additional perspectives to 

increase complexity in the discussion, a more inter-disciplinary, comprehensive and clear 

discussion is needed as guidance for scholar to achieve a common understanding and 

promote better communication among scholars. In the next section, the current literature 

related to influential elements of CPV will be reviewed to facilitate a deeper 

understanding of CPV. 
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Table 2 Summary of definitions of CPV by classification categories, disciplines and research streams  

Category Discipline Research 

Stream 

Definitions of CPV,  Author 

(Year) 

Uni-

dimensional 

Marketing 

 

Price-based 

studies 

As cognitive trade-off between 

perceptions of quality and 

price 

Dodds & 

Monroe 

(1985) 

Means-end 

theory 

As the consumer’s overall 

assessment of the utility of a 

product is based on 

perceptions of what is 

received and what is given 

Zeithaml 

(1988) 

Multi-

dimensional 

Marketing Consumption-

values theory 

As an interactive relative 

value constructed by 

functional, social, emotional, 

epistemic, and conditional 

value. 

Sheth et 

al. (1991) 

As notions of value (net value; 

marketing value; derived 

value; sale value; rational 

value) and four temporal 

categorizations (ex-ante; 

transaction; ex-post; disposal). 

Woodall 

(2003) 

As values entailing by six 

dimensions: monetary, 

convenience, social, 

emotional, conditional, and 

epistemic. 

Pura 

(2005) 

Consumer 

value theory 

As typology of value with 

interactive, comparative, 

personal, and situational 

preference experience.  

Holbrook 

(1994, 

1996, 

1999) 

As customer value hierarchy 

with three hierarchical levels 

of value (attributes, 

consequences, and desired end 

states) 

Woodruff 

& 

Gardial 

(1996) 

As perceived preference for an 

evaluation of those product 

attributes, attribute 

performances, and 

consequences arising from use 

that facilitate (or block) 

achieving the customer’s goals 

and purposes in use situations 

Woodruff 

(1997) 
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As assessment of four 

interrelated dimensions for 

functional, social, emotional 

and economic value 

Sweeney 

& Soutar 

(2001) 

Economics Utility theory  As value scale of shopping 

experience along the 

dimensions of utilitarian value 

(instrumental, task-related, 

rational, functional, cognitive, 

and a means to an end;) and 

hedonic value (reflecting 

entertainment and emotional 

worth of shopping; non-

instrumental, experiential, and 

affective) 

Babin et 

al. (1994) 

 

 

1.3.3 Studies on the elements grounding CPV 

Moving to this section, it will provide a review of previous academic studies investigating 

the elements that grounds and constructs CPV for a general market products or services. 

Six major elements (Figure 5) examined in previous studies: i) perspective/ viewpoint, ii) 

dimensionality, iii) subjectivity / personal values, iv) competition, v) situational context 

and vi) time context, will then be discussed in each sub-section. As identified in the 

literature review, the author believes that each of the listed elements grounding CPV is 

important. The elements may vary in their importance based on the research objectives of 

each published study on CPV, however, future studies should cover these elements and 

briefly discuss each of them.  
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Figure 5: Major grounding elements that construct CPV identified by previous studies – author’s 

illustration 

 

1.3.3.1 Perspective / viewpoint 

In the discussions related to the concept of CPV, the term “perspective” or “viewpoint” 

is commonly referred to angles of different stakeholders involved in the purchasing 

processes, like customers’ viewpoints, suppliers’ viewpoints, third parties’ viewpoint, and 

even business to business viewpoints in consideration of value chain viewpoint. However, 

based on the CPV-related literatures reviewed, only a few papers have notified the needs 

of considering perspectives; and even in those papers, most of them have solely focused 

the customers’ viewpoint (Gale, 1994). Other perspectives were still remained 

underexplored, though some studies like Blois (2004); Sahin and Yevdokimov (2016) and 

Chang and Dibb (2014) did attempt to highlight the importance of viewing in perspective 
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like suppliers’ viewpoints, shareholders’ viewpoints, as well as business-to-business 

relationship standpoint. 

 

1.3.3.2 Dimensionality 

As discussed in Section 1.3.1, dimensionality, i.e. the number of aspects potentially 

affecting CPV, is another key grounding element of perceived benefit, perceived sacrifices 

and CPV for general market products or services identified. Within each dimension, there 

are often several measurable determinants. For example, in Sheth et al. (1991)’s study on 

the value of cigarettes for smokers and non-smokers multiple determinants were 

introduced under the dimension of “emotional value”. Respondents were asked to score 

related to several measurable determinants like feeling angry when not smoking, feeling 

sexy when smoking and feeling safe when not smoking in order to evaluate the level of 

importance of each dimension in real-life situation. Such a research also helps to test the 

proposed theoretical models and imply the theoretical discussions into practical use.  

In the existing literature, a trend of having an increasing number of dimensions 

analyzing in a single paper was also noted. This trend can easily be identified in the 

following Table 3, the average number of dimensions analyzed in studies conducted in the 

recent decade was approximately 6 dimensions, which results in an almost doubled number 

of those conducted in the 1990s. 
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Table 3: Previous models and approaches adopted 

Model/ Approach Author (Year) Number of dimensions analyzed (Type) 

Theory of 

consumer choice 

values 

Sheth et al. (1991) 5 (functional; conditional; social; epistemic; 

emotional) 

Value scale Babin et al. (1994) 2 (Hedonic; utilitarian) 

Factor model for 

customer value 

Lapierre (2000) 3 (Product-related; services-related; 

relationship-related) 

Perceived value 

scale (PERVAL) 

Sweeney and 

Soutar (2001) 

4 (emotional, social, quality/performance; 

price/value for money. 

Experiential 

value scale 

Mathwick et al. 

(2001) 

4 (aesthetics; play fulness; services 

excellence; customer ROI) 

Services 

perceived value 

scale (SER-

PERVAL) 

Petrick (2002) 5 (quality; emotional response; monetary 

price; behavioral price; reputation) 

Model of value 

for the customers 

Woodall (2003) 5 extrinsic (use; utilitarian; exchange; 

human/personal; intrinsic) + 4 perspectives 

(object; subject; sacrifice; market) 

Typology of 

perceived value 

Holbrook (1994), 

(1996), (1999) 

8 (efficiency; spirituality; excellence; play, 

esteem; aesthetics; esteem; status; ethics) 

PERVAL + 

sacrifices (time, 

effort & energy) 

Wang et al. (2004) 4 customer value (functional; social; 

emotional; perceived sacrifices) +3 related 

concept (customer satisfaction; brand 

loyalty; behavior 

Complementary 

models of 

customer value 

Khalifa (2004) 3 (exchange; buildup; dynamics) 

Multidimensional 

perceived value 

model 

Pura (2005) 6 (monetary; convenience; social; 

emotional; conditional; epistemic) 



Chapter 1 

24 

 

Consumer value 

model 

Sánchez-

Fernández et al. 

(2009) 

6 (efficiency; quality; quality; social value; 

play; aesthetics; altruistic value) 

Value Co-

Creation 

Storbacka et al. 

(2012) 

2 (intra-actor; inter-actor) 

 

Yet, it is argued that though the inclusion of multiple dimensions could assist to better 

conceptualize the nature of the construct of CPV, capture the level of abstraction and better 

bridge understanding across various industries (Zauner, Koller, & Hatak, 2015; Gallarza, 

Gil-Saura, & Holbrook, 2011; Lin, Sher, & Shih, 2005), however, the model should not be 

to complex and put away from practical use, but should capture a broader range and ensure 

practical application at the same time (Zauner, Koller, & Hatak, 2015). Besides a 

comprehensive, but simple model there is also the need for promoting the discussion, 

investigation and comparison across academic disciplines without losing the system 

context.  

 

1.3.3.3 Subjectivity / personal values 

CPV is subjective to personal values of individual customers, as stated by Kortgo and 

Okonkwo (1993). A single product will be perceived differently and has a different CPV 

for different customer segments influenced by characteristics like age, gender and 

geographic location. Furthermore, this difference can be further broken down to the level 

of individual customers. Yet, there was not a single and simple explanation for the 

relationship between subjectivity and CPV, though some authors have considered the CPV 

as same idea of personal values and inner beliefs and used the term interchangeably 



Chapter 1 

25 

 

(Ledden, Kalafatis, & Samouel, 2007; Long, 2000; Lai, 1995; Holbrook, 1994). Some 

scholars like Oliver (1999) have proposed an approach (e.g. comparison referents) to better 

distinguish between customer value and personal values based on three factors: i) ideals, 

ii) excellence and iii) quality, so as to reduce confusion and ambiguity. While, another 

group of scholars attempted to produce an explanation of this relationship. For example, 

Chang and Dibb (2014) regarded subjectivity as psychological structure configured by 

factors like culture, society and personal experiences that guides and influences 

individuals’ social attitudes and behaviours which includes purchasing behaviors. While 

others (Ledden, Kalafatis, & Samouel, 2007; Hubert, Herrmann, & Morgan, 2001; 

Holbrook, 1994) argued that personal value could be ascertained through product 

possession or consumption but was relatively distinct. And in one of the most recent 

discussions, Zauner, Koller and Hatak (2015) suggested that the study by Ledden et al. 

(2007) was the first empirical work that successfully proved the positive correlation (cause-

reason relationship) between CPV and personal values. In brief, based on the previous 

discussions, it could be stated that subjectivity is related to CPV, yet an own distinct 

construct. More studies and empirical work with more detailed quantitative analyses, and 

studies concerning the antecedents of customer value in various contexts like online and 

offline purchase were still in need to have better and more detailed investigations of the 

relationships between CPV and subjectivity.  
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1.3.3.4 Competition 

Competition, the existence of alternatives, has also been identified as an extrinsic 

element that constructs CPV of a general market product or service by adding a non-

product related consideration and altering customers’ trade-off between benefits and 

sacrifices (also named “intuitive calculation” and “give versus get in”) in purchasing 

behaviors (Dodds, Monroe, & Grewal, 1991; Zeithaml, 1988) illustrated in  

Figure 6. The discussions related to the impacts of competition on CPV was mostly 

founded from either utility theory in the discipline of economics which assumes customers 

always make decisions to maximize their utilities (Kotler, 2000) or social exchange theory 

in the field of psychology where human behaviors are a series of exchanged based on 

subjective cost-benefit analysis of all existing alternatives to maximize the rewards and 

minimize the costs (Matzler, 2000). Accordingly, it is suggested that CPV of market 

products or services should be assessed against other substituting product offerings. 

 

Figure 6: Trade-off of multiple components (benefits / sacrifices) in relationship to competition 

(Source: Dodds, Monroe, & Grewal, 1991; extended by author) 

Trade - off

Competition 

product related: 

“intrinsic” 

non product related: 

“extrinsic” 

Trade - off
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1.3.3.5 Situational context 

CPV has also been identified as situational- and context dependent by a group of 

scholars (van der Haar, Kemp, & Omta, 2001; Holbrook, 1999; Parasuraman, 1997; 

Holbrook, 1994; Mattsson, 1992; Sheth, Newman, & Gross, 1991; Zeithaml, 1988). It 

stated that the extent or direction of the changes in value were dynamical, occasional and 

highly dependent on the actual circumstances, locations or situations. Using cold and hot 

drinks as an example, Chang and Dibb (2014) explained that their sale volume varies 

significantly among seasons, where cold drinks received a high sale in summer and warm 

beverages were more desired during winter. Similar changes in product performances were 

also found in terms of geographic locations (Parasuraman, 1997) and time period (Sheth, 

Newman, & Gross, 1991).  

 

1.3.3.6 Time context 

Similar to the element situation context, time context (or time dependence) was also 

considered as a distinct element in constructing CPV. It was often used to illustrate either 

the changes in CPV over time in influence of personal beliefs, social norms and experience 

(Eggert & Ulaga, 2002) or the changes in relation to the point of time of a transaction, i.e. 

pre-, post- and during the transaction (Flint, Woodruff, & Gardial, 2002; Woodruff, 1997). 

One of the most cited works (Woodall, 2003) has proposed a categorization method of 

CPV based on point of time of a disposal of the product, i.e. ex-ante, transaction, ex-post, 

and disposal. In the study, Woodall (2003) explains that the value of CPV for a product or 

service at the point of purchase was mostly significantly higher than those after usage, 
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which possibly explains the realization of actual true value of a product after a customers’ 

detailed evaluation. Some scholars also attempted to integrate warranty and service into 

measuring CPV of a product after purchase; yet similar gaps were also being reported (Graf 

& Maas, 2008). Yet, in regards to the need of further exploring CPV in different times 

throughout the purchasing process, various opinions were found among scholars, which 

some identified it as an interesting research gap (Graf & Maas, 2008; Sweeney & Soutar, 

2001), while some argued that the assessment criteria should be consistent regardless to 

the time context (Oliver, 2010). 

 

1.4 Research significance 

1.4.1 Academic significance 

One of the rationales for employing CPV as fundamental concept in this study is to fill 

the identified four knowledge gaps in existing literature illustrated as follows (Figure 7): 

 

Figure 7: Overview of identified research gap addressed by research task resulting in research 

contribution. 
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First, in regard to the general discussion on CPV, one of the key problems spotted in 

the current discussion was the constraints of disciplines and lack of agreement. Regarding 

the constraints of academic disciplines, CPV was first introduced in the field of marketing, 

a number of studies in alternative disciplines like economics, psychology, and even neuro-

economics have also been growing over years (Sweeney & Soutar, 2001; Monroe, 2003; 

Spiteri & Dion, 2004; Plassmann, Ramsøy, & Milosavljevic, 2012). However, as stated by 

critics that the concept of CPV is comprehensive and interdisciplinary in nature (Lemmink, 

2005; Rust & Oliver, 1994; Holbrook, 1999), this study argues that the existing discipline-

specific discussions failed to fully capture and identify how CPV is constructed for general 

market products or services; and therefore, one of the major goals of this research is to 

bridge and integrate current discussions across academic disciplines and construct a more 

general and comprehensive framework to better reflect the real situation. Regarding the 

lack of agreement, the concept is seen as poorly differentiated from other related concepts, 

like “values” (Long, 2000; Lai, 1995), “utility” (Kahneman & Tversky, 1979), 

“satisfaction” (Heskett, 1994), “beliefs” (Bolton, 1998), “benefit” (Monroe, 2003) and 

“quality” (Holbrook, 1994). And as summarized by Woodall (2003), 19 different terms 

like “values” and “perceptions” have been utilized to refer to the concept of CPV by 

scholars with various backgrounds. Gallarza, Gil-Saura, & Holbrook (2011) summarize 

the field as this concept is discussed over 30 years without reaching full closure on its 

definition. Therefore, instead of introducing another concept, this study provides a 

conceptual framework in order to establish a common ground to analyze, compare and 

synthesize CPV concepts introduced by scholars to advance theory and address the lack of 

agreement. 
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The research contributes by introducing the concept of CPV to investigate energy 

markets. Energy markets, which are generally considered as a traditional industry, have 

spotted to be suffered from the problem of corporate inertia and outdated business models 

(Gilliland & Teufel, 2015). Therefore, a first energy-specific model for CPV is introduced. 

In addition, the research introduces CPV in a new perspective, that of the product / service 

provider (electric utility in this case) to enrich the conventional customer-concerned 

approaches (Gale, 1994; Blois, 2004). This view extends the traditional customer 

perspective and helps product / service managers and suppliers to construct and optimize 

their products and services to provide higher customer perceived value, a key consideration 

in transforming energy markets from natural monopolies to highly competitive markets.  

Another major academic contribution of this study is that the research extends the 

current definitions of CPV by following the trend in the academic discussions by 

suggesting a multi-dimensional model (Sánchez-Fernández & Iniesta-Bonillo, 2007; 

Sheth, Newman, & Gross, 1991). The suggested framework captures well established 

approaches (e.g. sustainable development method firstly proposed by Club of Rome report 

in 1972) and integrates research outcomes from seminal papers not only focusing on 

technical aspects (Zhou, Li, & Li, 2008 ) or socio-economic ones (Azam, Nor, & Noor, 

2019), but suggesting a novel and comprehensive approach that captures technical, 

economic, social and environmental aspects including energy-specific determinates within 

one model combined. It is believed that the multi-dimensional model constructed based in 

multiple academic fields can help better quantify the CPV towards electricity and improves 

forecasting the performance of new products and services in the currently transforming 

energy market. While introducing WTP as proxy for CPV from the supplier’s perspective 
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a quantification approach is introduced to address the research gap of multi-dimensional 

quantification approaches and lack of practical use (Haab & McConnell, 2002; Li, Li, & 

Hou, 2011; Chang & Dibb, 2014; Twerefou, 2014). 

Besides adding to the body of knowledge, the objective of the research is to test the 

suggested framework and estimation model on the case study of New Brunswick, Canada. 

With the aim to validate the suggested model and analyse the results and findings derived 

to contribute by establishing confidence, empirical results and add to analysis of CPV.  

Finally, it is believed that the contributions of the findings from this research will not 

be limited to enhancing the understanding in energy markets, but through introducing a 

novel conceptual framework that will also be utilized as a blueprint to identify, capture, 

describe, introduce, and compare constructs of CPV towards various market products and 

services, including both traditional industries, like steel, and new businesses, like the ICT 

industry.  

 

1.4.2 Policy significance 

Facing a dynamic and transforming market, price as the sole indictor is no longer 

sufficient to reflect the consumer needs and preferences towards energy products and 

services (Gilliland & Teufel, 2015). Consequently, this study investigates the concept of 

CPV as effective way to enrich our understanding of how customers gain perceived value 

from market products and services, as well as assisting policy makers, marketing 

managers, product/service managers, and other parties involved in energy or other markets 

in searching for new products and services that bring higher value to customers.  
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Apart from enhancing the general knowledge related to CPV, the empirical model 

analyzing the relationship between CPV and multidisciplinary determinants devised could 

also be utilized by engineers, product managers and marketing managers to provide a better 

forecast on the potential performances of products and services (based on historical data) 

to gain an advantage over other competitors entering the traditional market. Therefore, it 

helps companies to succeed in the current transforming market.  

Finally, the contribution of this study is not limited to promote a success of suppliers, 

but also to enhance the welfare of customers (Anastasia, 2017). In the context of energy, 

by supporting electric utilities to gain a better understanding of customers’ needs and 

preferences, energy production, transmission and distribution costs as well as energy tariffs 

can be reduced, and customers can enjoy energy products and services that suit them best. 
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1.5 General methodology & outline of the dissertation 

As illustrated in Figure 8, the organization of the study is designed in a step-by-step 

manner in the basis of research objectives and questions discussed in Section 1.2. Firstly, 

an extensive literature review was conducted and served as the ground for developing the 

research questions (to be discussed in detail in Section 2.3). Then, three major tasks, i) 

constructing an interdisciplinary conceptual framework of CPV and ii) identifying 

determinants of CPV for electricity products and services, iii) analysing empirical 

implications to the case study of the electricity industry in New Brunswick were performed 

testing the hypothesis.  

In the first task, i.e. constructing the interdisciplinary conceptual framework of CPV, 

the aim is to devise a comprehensive framework exploring and investigating the factors 

affecting CPV at various levels and perspectives in the basis of empirical discussion in a 

wide range of academic fields. Through reviewing, evaluating, integrating, and organizing 

empirical studies and discussions in a wide range of academic fields, the novel conceptual 

framework of CPV bridging discipline-specific viewpoints will be presented and discussed 

in Chapter 2.  

Moving to the second task, identifying determinants of CPV for electricity products and 

services, this primary objective is to demonstrate how the general conceptual framework 

of CPV derived in the first research task can be applied to the energy sector. In the third 

task, a series of quantitative analyses will then be performed to evaluate the contribution 

of previously identified determinants of CPV for electricity products and services with a 

case study in New Brunswick, Canada. Actual private (provided by NB Power specifically 

for this research) and public data will be analyzed, in order to test and rank each 



Chapter 1 

34 

 

determinant by their contribution to customer perceptions for electricity provided by NB 

Power. 

With this step-by-step manner, this dissertation offers novel insights and more holistic 

views into the current discussions on the problems caused by traditional business models 

in electric utilities in using the concept of CPV. It also integrates academic disciplines, 

applies theoretical and conceptual notions into actual measurable data, and finally 

identifies the causes shaping CPV for electricity. 
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Figure 8: General methodology and outline of dissertation – author’s illustration  
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2 CONSTRUCTING AN INTERDISCIPLINARY CONCEPTUAL 

FRAMEWORK OF CPV 

2.1 Previous conceptual frameworks illustrating the relationship between 

elements and CPV 

After the review of literature, investigating theoretical backgrounds, definitions and 

elements of CPV, this section focuses on previous conceptual frameworks proposed in 

illustrating the interactions between elements and CPV in demonstrating the process of 

product valuation. Two landmarked frameworks related to CPV, i.e. i) consumption 

behavior approach by Lai (1995) and ii) sustainable development approach published in 

Club of Rome report (1972) will be discussed in this section followed by one recent 

application of the CPV concept into practical use by Mayr and Zins’s (2011).  

 

2.1.1 Lai (1995)’s consumption behavior approach 

Based on the research stream of consumer behavior analysis in the academic discipline 

of marketing, CPV is expressed as difference between consumer’s perceived benefit and 

consumer’s perceived costs. Lai (1995) devised and proposed an approach namely 

“consumption behavior approach” to further conceptualize the elements that affect 

consumers’ product valuation or CPV. The approach could be generally divided into two 

parts: i) a framework of product valuation for consumers, that illustrates how individual 

consumers put a value on a product or service in influence of subjective cognitive elements 

(see Figure 9); and ii) a model of customer value for consumer markets, that demonstrates 
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the process of product valuation of a product or service in various times of purchase in 

consideration of perceived benefit, perceived cost, demographic characteristics and 

cognitive traits of the customers (Figure 10).  

In the first part of the approach, it illustrates the interdependencies and interaction 

between those subjective cognitive grounding elements, objective factors and CPV. It 

explains perceived product benefits as the consequence of the interaction between personal 

values and generic product benefits, which is configured by cultural values in an 

environment and derived from product-related features in multiple dimensions (functional, 

social, affective, epistemic, aesthetic, hedonic, situation and holistic). 
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Figure 9: Framework of product valuation for consumers proposed by Lai (1995) 

 

The second part of the model demonstrates how perceived benefits integrate with 

perceived costs to construct the CPV for market products and services. Similar to the first 

part, perceived product benefits are still disaggregated into eight dimensions and evaluated 

with perceived cost (which consists of monetary costs, time costs, risks, and human energy 

costs) and perceived logistic benefits for the final CPV. Besides, it also highlights cognitive 

traits (e.g. personality, attitude, knowledge, personal values) and demographics (e.g. age, 
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education and income) of individual customers as extrinsic factors contributing to the 

construction of CPV. The changes in CPV throughout the purchasing process are also 

considered by altering the perceived logistic benefits and perceived cost as input in regard 

to the purchase.  

 

Figure 10: Model of customer value for consumer markets proposed by Lai (1995) 
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2.1.2 Club of Rome report (1972)’s sustainable development approach  

Another landmarked framework was the sustainable development approach which was 

introduced by the Club of Rome report issued in 1972. The approach was used as guidance 

for the on-going development of growing markets and industries; and also, as a measurable 

scale for product and service conformity assessments. One of the key emphases of the 

report was striking balance among economic, environmental and social dimensions in the 

use of resources, in order to seek for global equilibrium and long-term development (see 

Figure 11).  

In academia, the sustainable development approach is a well-known approach across 

disciplines; and unlike other theories and approaches mentioned before, it is not grounded 

in any specific academic disciplines nor business industries. It is also characterized as a 

comprehensive and general approach that is easier to incorporate with the models proposed 

by other scholars. For instead, the PERVAL measurement scale for CPV introduced by 

Sweeney and Soutar (2001) consists of functional, social, emotional and economic 

dimensions and could be easily incorporated into the sustainable development approach, 

by re-categorizing the economic and functional dimensions to economic dimension; and 

social and emotional dimensions into social dimensions.  

 

 



Chapter 2 

41 

 

 

 

Figure 11: Illustration of sustainable development approaches proposed in Club of Rome report 

(1972) 

 

2.1.3 Mayr and Zins’s (2011) implication of CPV in the airline industry 

In addition to developing a conceptual framework, studies attempted to imply the 

concept of CPV to practical use as another crucial academic contribution. One key and 

recently published contribution was investigating CPV on airline services. Based on 

empirical data collected from an European airline, Mayr and Zins (2011) reported that the 

determinant “atmosphere” within the emotional dimension played a major role in 

enhancing CPV for flight services, followed by the determinant “on-board services” within 

the functional dimension and “price” as economic dimension. Besides, the study also 

pinpointed on the relationship between CPV and its antecedents like satisfaction, loyalty, 

word-of-months and reputation; and called for the need to consider additional aspects of 

relevance and order of dimensions to establish a broader conceptual framework for CPV. 



Chapter 2 

42 

 

 

Figure 12: CPV with antecedents and dimensions for airline services (Source: Mayr and Zins’s 

(2011), p. 367) 

 

2.2 Studies implying CPV or related concepts in energy industry 

Based on previous discussion and literature review none of the existing studies adopted 

the concept of CPV in assessing how energy products or services are being valued by 

customers. One of the possible reasons could be that unlike other industries (e.g. airline 

industry), energy markets, customers and suppliers are geographically separated, regulated 

and contain a rather abstract product, increasing the difficulties in collecting 

comprehensive data for measuring CPV for energy products and services. Nonetheless, 

some scholars (Li, Li, & Hou, 2011; Zhou, Li, & Li, 2008 ) have attempted other similar 

indicators such as willingness to pay (WTP) or willingness to receive (WTR) by measuring 
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the implicit amount of money customers are willing to pay or suppliers need to receive for 

a product or service, in this case an unit of electricity (kWh). 

As summarized in Table 4, Zhou, Li and Li (2008 )’s study of the electricity market for 

large commercial and industrial consumers in China implied the method of hedonic 

electricity price model to estimate and measure the implicit price needed per unit of 

electricity based on multiple electricity characteristics, such as cost, reliability and power 

quality in the perspective of the supplier. Li, Li and Hou (2011) shares a similar structure 

with the previous work measuring the implicit price for multiple determinants. The 

perspective of the consumer was adopted to estimate willingness to pay based on 

functional, professional, price, convenience, experience and unique dimensions. However, 

it is criticized that both existing studies failed to capture the broader price of electricity, 

which the former one has only considered objectives and features in the technical 

dimension; while the later one, only focuses on subjective features of customers. 

Therefore, based on the review of the existing literature, it is argued that a more 

comprehensive and interdisciplinary approach is needed; and will be discuss in the next 

section. 
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Table 4: Implications of CPV or related concepts in energy industry 

Author 

(Year) 

Zhou, Li and Li (2008) Li, Li and Hou (2011) 

Perspe

ctive 

Suppliers' viewpoint Customers' viewpoint 

Dimens

ions & 

determ

inants: 

Cost characteristics:  

generation costs, electricity 

consumption, losses, transmission 

congestion costs, capacity costs, 

ancillary service costs 

 

Reliability characteristics: 

system average interruption 

duration, lost load probability, 

system average interruption 

duration, custom average 

interruption frequency, average 

supply availability, custom 

average interruption duration 

 

Power quality characteristics: 

voltage sags, voltage swell, 

voltage interruption, notch, 

voltage fluctuation, transient 

pulse, harmonics, inter-harmonics, 

voltage unbalance, voltage 

deviation, over-voltage, frequency 

deviation 

  

Functional dimension: 

quality; standardization; time accuracy; 

security  
Professional dimension: 

service skills; professional knowledge; 

customer management system  
Price dimension: 

differential pricing; portfolio pricing; 

rates  
Convenience dimension: 

space near; communication facilities; 

information feedback system  
Experience dimension: 

Environment clean; friendly service 

timely communication and accurate; 

public welfare services; client 

individual satisfaction and respect; 

environmental services, ecological; 

process and atmosphere of art and 

deign  
Unique dimension:  

Brand; corporate image; customize; 

style; cultural characteristics  
Customer satisfaction: 

Sales; premium payment; word of 

mouth; customer feedback  
 

2.3 Knowledge gap of existing literature & research hypothesis 

CPV is a comprehensive concept that is grounded on multiple aspects that is anchored 

in customers’ individual values and beliefs, is influenced by their culture and experience, 

and also varies in regard to situations and time. In the review of the current literature related 

to the concept of CPV, it is also found that it is a complex phenomenon that can be 
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described distinctly among various perspectives and academic disciplines. Each academic 

discipline can have its own jargon, languages and interpretations; and often causes 

misunderstanding, missing aspects and confusions among scholars.  

Therefore, to enable interdisciplinary discussions and promote the integration of 

knowledge, what is required is a sound theoretical grounding and a comprehensive and 

general conceptual framework that covers all essential dimensions but can be 

disaggregated to determinants. The author of this study believes such a conceptual 

framework will be essential to addresses the identified research gap. Moreover, the 

framework will avoid discussions caused by different definitions, interpretations, varying 

conceptual foundations, and missing information through providing, identifying and listing 

core foundational elements to bridge academic discussions. More importantly it provides 

a general and common language to incorporate the knowledge from various disciplines to 

better use for structuring, modeling and presenting concepts, ideas or research 

contributions into practical use.  

Concluding the literature review, the existing CPV-related research either for those 

focusing on the theoretical background, definition, element or conceptual framework have 

mostly been confined by its own discipline boundary; in order to address the current 

knowledge gap, this study proposes a new interdisciplinary conceptual framework for 

general market products and services, as well as a model for the empirical application of 

this concept to the energy industry. 

Drawing on an extensive review of previous literature, research hypotheses were 

developed to address the two sub-questions discussed in Section 1.2; and will be further 

tested by i) constructing the interdisciplinary framework of CPV and by ii) applying the 
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framework and conducting quantitative analysis identifying the determinants influencing 

CPV towards energy products and services with a case study in New Brunswick, Canada. 

In corresponding to sub-question 1, i.e. “what are elements determining CPV towards 

market products or services?” the objective is to understand what and how the suppliers’, 

customers’ and other factors construct and influence the value of customers’ perceived 

value towards general market products or services. Systematic is described as approach to 

define the concept of CPV clearly among academic disciplines by using a conceptual 

framework to visibly identify relevant elements such as determinants, grounding elements, 

theories and approaches. Related to this question, one of the highlighted discoveries from 

previous research was the failure of uni-dimensional characteristics of CPV, evidently 

shifting the discussion to multi-disciplinary concepts of CPV introduced in the 1990s (see 

detailed discussion in Section 1.3.1); based on this argument, the following first hypothesis 

(H1) is developed,  

 

H1: Customers’ perceived value (CPV) towards market products or services is 

systematic, comprehensive and inter-disciplinary in nature, which is determined by 

economic, social, technical and environmental dimensions. 

 

Moving to the sub-questions 2, i.e. how can CPV be applied to energy products and 

services?, that aims at identifying the influential determinants of CPV for energy products 

and services, its corresponding hypothesis was developed based on the lessons learnt from 

reviewing the previous empirical studies (see detailed discussion in Section 2.1). Among 

all the previous studies, the sustainable development approach presented in Section 2.1.2 
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was found to be the most suitable approach in capturing the multi-disciplinary 

characteristics of CPV. Based on the four-dimensional (social, technical, economic and 

environmental dimensions) structure of the sustainable development approach, the 

following hypothesis (H2) is proposed,  

 

H2: Factors in social, technical, economic and environmental dimensions affect 

customers’ perceived value (CPV) towards energy products or services in various 

directions and magnitudes; and the net effects could only be understood through 

a quantification approach that helps to rank the relevance of determinants, where 

economic aspects are the most relevant.  

 

2.4 Methodology 

As discussed in the previous chapter, an interdisciplinary conceptual framework is 

called to address the problem of lack of common language in the CPV-related studies. 

Therefore, in this section, this study will introduce an interdisciplinary conceptual 

framework in illustrating how CPV of a general market product or services is constructed, 

which is characterized as i) multidisciplinary; ii) general, but applicable for practical use; 

iii) broad in coverage, i.e. covering all essential dimension and grounding elements. 

Besides, this study also attempts to demonstrate the industry-specific use of the conceptual 

framework within the energy sector, enriched by the sustainable development approach 

(see detailed discussion in Section 2.1.2) and the indicator of willingness to pay (see 
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detailed discussion in Section 2.4.2.1). Afterwards this section will introduce the indicator 

of willingness to pay, as well as the general and industry-specific model for energy.  

 

2.4.1 Proposed interdisciplinary conceptual framework on CPV for general 

market products or services 

 

Figure 13: Proposed conceptual framework of CPV for general market products or services by the 

author 

 

As illustrated in Figure 13, the interdisciplinary conceptual framework proposed for 

general market products and services in this study consists of three major sections, i.e.  
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i) theoretical background, ii) element grounding and constructing CPV and iii) customer 

value creation of general product and service to serve as the common ground for different 

studies to communicate. First, the theoretical background of CPV refers to academic 

disciplines and theories within the discussion of CPV (See detailed discussion in Section 

1.3.1 & Section 1.3.2) and helps to identify the background of a study. The second part, 

elements grounding and constructing CPV, describes six major elements identified by 

previous CPV-related studies; and functions for distinguishing research stream within a 

discipline (See detailed discussion from Section 1.3.3.1 to Section 1.3.3.6). Finally, and 

also most importantly, the framework for a general market product or service that 

illustrates the interrelation among four major components: i) CPV, ii) dimensions, iii) 

determinants as well as iv) other related concepts are introduced. As an example, 

dimensions are a general category, like social, economic and technical, that help to 

facilitate a better comparison across industries and gives the opportunity for categorized 

aggregation; determinants are measurable indicators that functions in defining industry-

specific sub categories and assisting the application to practical cases. Finally, related 

concepts (also commonly named as antecedents) are illustrated, which found to be 

significantly related to CPV, however, are own distinct concepts like customer satisfaction 

or loyalty.  

 

2.4.2 Estimating CPV for general market products or services 

As mentioned in the above section, the concept of CPV is a relatively new construct; 

and its measurement methods have not yet been well-developed and were highly relied on 
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survey data. Particularly for goods like electricity products, its characteristics of being 

intangible and having a huge time gap between consumption and payment has even caused 

extra difficulties in collecting appropriate survey data and having a correct estimation of 

CPV. Therefore, willingness to pay (WTP), the amount of money a customer is willing to 

pay for a unit of a product or service that found to be the characteristics of context-specific 

and customer-centered is considered to be the closest substitute for CPV. Amini, Falk, 

Hoth, and Schmitt (2016) even argued that WTP could be established based on CPV. 

Therefore, in the recognition of difference in time context between CPV and WTP, WTP 

for electricity is adopted as proxy of CPV in estimating the impacts of determinants to 

address the problem of lack of accurate quantification of CPV for electricity. The concept 

of willingness to pay helps to establish the conceptual framework, which bridges the 

interdisciplinary discussion with a discipline specific adaption, introducing key 

determinants to estimate CPV for energy products and services; in this case within the 

province of New Brunswick in Atlantic Canada. 

 

2.4.2.1 Willingness to pay (WTP) 

Willingness to pay (WTP), as the maximum price or below that, is a commonly used 

method that can be generally classified in two approaches: 1) stated preference approach 

and ii) revealed preference approach (Figure 14), as summarized by Breidert, Hahsler and 

Reuterrer (2006). First, the stated preference approach contains methods which measure 

WTP based on subjective data. Methods like contingent valuation and survey-based 
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approach are used to collect consumers’ direct expression of their preferences to estimate 

their WTP.  

 

While, for the revealed preference approach, the measurement is mainly based on 

objective data like market data and experimental data collected from laboratory 

experiments, field experiments and auctions. Its basic rationale is that customers make 

decisions and act based on the process of intrinsic utility maximization; accordingly, those 

observed behaviors will be indicators of the maximum amount customers are willing to 

pay for a certain product or services. In other words, based on demand theory, the revealed 

preferences approach is a means to reconcile the maximum utility through observed 

behaviors of individuals. These methods have been applied in a wide array of goods and 

services, which include those in both market and non-market sectors. And among those, 

the three most popular methods are market price method, hedonic price method and travel 

cost methods; which all specify the consumer problem (budget constraint) as a utility 

maximization problem to derive the so-called indirect utility. These approaches have been 

proved to be effective in producing an accurate measurement of WTP; consequently, in 

this research, the revealed preferences approach will be adopted in measuring WTP of 

electricity products and services with objective statistical market data collected.  
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Figure 14: Classification framework for methods to measure willingness to pay (Source: Breidert, 

Hahsler and Reuterrer (2006)) 

2.4.2.2 Equation for measuring WTP 

By adopting the revealed preferences approach, this study leverages the concept of WTP 

in combination with the hedonic price method, which was firstly introduced by Zhou, Li 

and Li (2008) for estimating the electricity price for large commercial and industrial 

consumers in China from the consumer perspective. Yet, it is important to note that instead 

of solely focusing on technical dimensions like previous studies before, this study will 

cover four essential dimensions, technical, social, economic and environmental 

dimensions, to have a more comprehensive estimation of WTP based on the devised 

sustainable development approach suggested (see discussion in Section 3.2.1); and 

measure WTP of a product or services based on the following statistical equations. 

The following steps are performed to set up a statistical model to estimate WTP for 

products and services. First, utility of a typical customer is defined as a function of 

quantities of goods and services purchased by this customer as follows: 

 

 𝑈𝑖 = 𝐹(𝑋𝑗, 𝑍) (1) 
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, where 

Ui is the i-th customer utility function; 

Xj are the attributes of the j-th product (targeted product or service, e.g. electricity 

products and services in this study); 

Z is the quantity of all other products (composite or outside good) purchased by a 

typical customer; 

According to economic theory, the above utility reflects preferences of a typical 

customer. The assumption is that such a customer is a rational economic agent who 

maximizes his / her utility subject to the so-called budget constraint. This is known as a 

consumer problem and can be expressed mathematically as follows: 

 

 max 𝑈𝑖 = 𝐹(𝑋𝑗, 𝑍) (2) 

subject to 

 𝑃𝑗 + 𝑃𝑍𝑍 =  𝑌𝑖 (3) 

, where  

Ui is the i-th customer utility function; 

Xj are the attributes of the j-th product (targeted product or service); 

Z is the quantity of all other products (composite or outside good) purchased by a 

typical customer; 

Pj is total consumer spending on electricity products which is where pj and qj is 

the price and quantity of the j-th targeted product or service; 

Pz is the consumer price index (CPI, the price of the composite product); 

Yi is the i-th consumer personal income. 
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As stated above, the utility function is not measurable in general, but indirect utility is 

measurable. Therefore, the conditional indirect utility function can be derived from the 

above by substituting (3) in (2); which the indirect utility function U* reflects the highest 

level of utility for the i-th customer, given attributes of the j-th targeted product or service 

Xj, total spending on electricity Pj, prices of other goods and services expressed by the 

Consumer Price Index Pz and personal income Yi as follows: 

 

 𝑈𝑖 (𝑋𝑗,
𝑌𝑖−𝑃𝑗

𝑃𝑍
) = 𝑈𝑖𝑗

∗

 
(𝑋𝑗, 𝑃𝑗 , 𝑃𝑍, 𝑌𝑖) (4) 

, where 

U* is the highest level of utility for the i-th customer;  

Xj is given attributes of the j-th targeted product or service; 

Pj is total spending on targeted product or service;  

Pz is prices of other goods and services expressed by the Consumer Price Index Pz; 

Yi is personal income. 

 

McFadden (1986) stated that in general there are some observable factors in the 

conditional indirect utility function, as well as factors that can only be observed by 

customers, but not by a researcher. He introduced the random utility model, which is an 

adaptation of the conditional indirect utility function, under those conditions. In this case, 

it is: 
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 𝑈𝑖𝑗
∗

 
(𝑋𝑗, 𝑝𝑗 , 𝑃𝑍, 𝑌𝑖) = 𝑉𝑖𝑗(𝑋𝑗, 𝑝𝑗, 𝑃𝑍, 𝑌𝑖) + 𝜀𝑖𝑗 (5) 

, where  

Vij is the observable i-th customer indirect utility function of the j-th product,  

𝜀ij is observed by the i-th customer, but not by the researcher. 

 

The last expression (5) is known as the random utility model introduced by McFadden 

(1986). Later, in 2007, McFadden expressed the random utility model in terms of economic 

factors and hedonic attributes of a product. It means that the above presented expression 

can be written as follows: 

 

  𝑉𝑖𝑗(𝑋𝑗, 𝑝𝑗 , 𝑃𝑍, 𝑌𝑖) + 𝜀𝑖𝑗 = 𝐹𝑖𝑗(𝑝𝑗𝑃𝑍, 𝑌𝑖) + 𝐻𝑗(𝑋𝑗)+ 𝜀𝑖𝑗  
 (6) 

, where  

Fij is the function that depends on economic factors, such as the price of the j-th 

electricity product (pj), personal/ individual income (Yi) and consumer price index 

(Pz); 

Hj is the hedonic function that depends on electricity attributes (Xj); 

𝜀ij is observed by the i-th customer, but not by the researcher. 

 

Besides, in consideration of the actual situation within the energy industry, there is a 

price difference for the same electricity product and service among different customer 

groups, e.g. industrial customers have a lower unit price than residential customers. Instead 

of directly substituting our targeted product, electricity product and services as the j-th 
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product in the equations, additional adjustments that redefining variables are performing 

as following:  

▪ pij is the price of the j-th electricity product for the i-th consumer group; 

▪ Yi is average income of the i-th consumer group; 

▪ PZ is the consumer price index; 

▪ Xj is the attribute of a product (e.g. technical characteristics of electricity such 

as reliability, safety, unit cost of electricity production and others, as following 

to the fundamental technical characteristic of electricity suggested by Zhou, Li 

and Li (2008)). 

 

2.4.3 Summary 

There is a growing body of research on CPV that investigates its definitions, grounding 

elements, theoretical background or measuring methods, however, it is argued that a 

majority of the studies do not help enrich the discussion and understanding of CPV, 

scholars fail to reach a general agreement and build common knowledge in relation to 

CPV. Therefore, to address the current problem, this thesis has conducted a detailed and 

systematic review of studies related to CPV; and more important, based on these studies, 

an interdisciplinary conceptual framework was introduced for general market product and 

service. In addition, this study demonstrates how an energy industry specific model can be 

derived for practical use. In the coming chapter, this industry specific model will be applied 

empirically in a case in New Brunswick, Canada to evaluate the contribution of 

determinants on CPV for electricity products and services.  
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3 IDENTIFYING DETERMINANTS OF CPV FOR ELECTRICITY 

PRODUCTS AND SERVICES IN A SUSTAINABLE 

FRAMEWORK  

3.1 Introduction 

Within the recent decade, the energy industry has been transforming due to reasons in 

innovations in information and communication technologies, disruptive technologies, 

inventions of new energy products and services; and the shift of a conventional 

monopolistic market into a more competitive one (Gilliland & Teufel, 2015). Besides, the 

new group of customers, who refuse conventional paper bills and traditional telephone 

support and demand for integrated services provided within online platforms lead to 

changes in the requirements (e.g. improvement of information technology capabilities). 

Therefore, these trends have pressured electricity utilities to change their role and business 

models. Instead of positioning themselves as energy supplier in a one-way business model, 

electric utilities have started shifting to customer centric models. Utilities started to brand 

themselves as trusted energy advisors and offer various customer-oriented services, such 

as offering bill presentments with tools like mobile applications and online portals, energy 

usage analysis, and providing energy-saving tips. Some even established third party 

partnerships with other firms to provide services like electric vehicle charging posts, smart 

home energy bundles and demand side management solutions.  

In such a highly dynamic and competitive market, electricity utilities can no longer 

solely be a product-oriented supplier. The conventional one-way business model that 

ignores customers’ wills and needs is not applicable to remain competitive in a 
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transforming market, but the two-way business model focusing in providing products and 

services with high customer value is applicable. However, different from other tangible 

products and services, the CPV of energy products and services is often not directly 

associated with the quantity or quality of the products and services received, but the 

functions secondarily produced by electricity devices like television, refrigerator and 

lighting (Wilhite, Shove, Lutzenhiser, & Kempton, 2003). The mismatch between the time 

of use and time of payment also leads to a challenge for customers to have a direct reference 

between the perceived benefit and perceived sacrifice from energy products and services; 

resulting in an uncertain CPV.  

Several market research methods like conventional surveys, focus groups, polls to 

merely records and consumer preference orderings were usually adopted in the estimation 

of CPV for energy products and services. More advanced technology-based methods using 

smart metering is also suggested as a potential tool to improve the accuracy of estimating 

CPV within the energy industry (Sanghvi, Levy, & Wharton, 1985). Even though it was 

acknowledged that these new inventions help to lower the described challenge, they are 

still not yet able to fully solve the current problem of estimating CPV for energy products 

and services due to their current limited application. Accordingly, following the discussion 

of association of the two indicators, CPV and WTP (See detailed discussion in Section 

2.4.2.1; (Sahin & Yevdokimov, 2016)), this study proposes to use WTP as an substitute / 

proxy of CPV in the empirical analysis in this study, though a slight difference between 

CPV and WTP has been recognized (see section 3.2).  

With the aid of the concept of willingness to pay, the interdisciplinary and industry-

specific conceptual framework proposed in the previous chapter (see Section 3.2.1) will be 
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applied to evaluate and identify key determinants of CPV for energy products and services 

with the case study of an electricity utility in New Brunswick in Atlantic Canada. The 

remaining chapter will first introduce the concept of WTP and its implication to electricity 

products; then following with background information of the case in New Brunswick; and 

finally, the result of the empirical statistics analyses will be presented.  

3.2 Methodology 

3.2.1 Framework on CPV for general energy products or services 

 

Figure 15: Proposed conceptual framework of CPV specific for energy products / services by the 

author 
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Moving to the industry-specific implication in energy industry, the following empirical 

analysis will be found in three key academic disciplines in the field of energy, i.e. 

economics, business and engineering with a typical indicator of customer perception, 

willingness to pay and hedonic price approach as theoretical basis.  

While, for the second part, i.e. elements grounding and constructing CPV, the items will 

be selected and adjusted based on the nature of energy markets; for example, suppliers’ 

viewpoint as property will be considered to better capture the supplier-oriented energy 

industry; without competition will be selected under the element of competition due to the 

natural monopoly of the observed energy supplier, urban/rural location and ex-ante 

transaction will be considered as the situational and time context for the discussion of CPV. 

Finally, for dimensionality, this study will adopt the sustainable development approach, 

which has been identified as an ideal approach to be general and broad in coverage within 

the previous discussion of literature review (See Section 2.1 for detailed discussion) as 

basis in constructing key dimensions in viewing CPV. Yet, it is important to note that the 

technical dimension is introduced to the existing three-dimensional sustainable 

development approach in consideration of the characteristics of high dependence on 

technology within the energy industry. Even though, antecedents and other related 

concepts are recognized and might have correlation with CPV, they are not included as 

scope of this research (shaded in grey in Figure 15) to keep the focus on CPV and conduct 

an in-depth study in the energy sector.  
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Figure 16: Illustration of proposed approach based on sustainable development approach with 

addition of a technical dimension (Data source: Club of Rome report, 1972; author’s illustration) 

3.2.2 Estimating CPV for energy products or services 

As discussed in the earlier work of the author of this study (Sahin & Yevdokimov, 

2016), CPV for a product or service can be viewed as the customers’ WTP for the same 

product or service in the perspective of suppliers. Since the supplier of the product or 

services cannot obtain full information of the construction of their customers’ utility 

function, it is argued that random utility is preferable than indirect utility, as discussed by 

Haab and McConnel (2002) which 

“…although willingness to pay does not need a utility function for its derivation, it 

is useful to show that it can be derived from the indirect utility function… as noted, 

the linear random willingness to pay model and the linear random utility model 

produce identical parameter estimates and identical welfare estimates” (pp.50). 

 

Similar conclusion was also presented by Twerefou (2014) with respect to the electricity 

market. It is suggested from a theoretical point of view, that WTP can be considered as the 

change in indirect utility in respond to a change in a product’s price holding all other factors 

constant. In other words, it means that indirect utility, WTP and CPV depend on the same 
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set of variables; and with a close correlation. Therefore, based on the above logical 

discussion, the equation (6) is altered into (7), which expressed that the CPV for the j-th 

electricity product of i-th consumer group is the sum of economic factors, electricity 

attributes and other unobservable customers’ intrinsic factors as following,  

 

  𝐶𝑃𝑉𝑖𝑗 = 𝑊𝑇𝑃𝑖𝑗 = 𝐹𝑖𝑗(𝑝𝑖𝑗, 𝑃𝑍, 𝑌𝑖) + 𝐻𝑗(𝑋𝑗)+ 𝜀𝑖𝑗  
 (7) 

, where 

CPVij is the CPV for the j-th electricity product of i-th consumer group; 

WTPij is the WTP for the j-th electricity product of i-th consumer group; 

Fij is the function that depends on economic factors, such as the price of the j-th 

electricity product (pj), personal/ individual income (Yi) and consumer price index 

(Pz); 

Hj is the hedonic function that depends on electricity attributes (Xj); 

𝜀ij is observed by the i-th customer, but not by the researcher. 

 

In addition, to follow the conceptual framework of the proposed devised sustainable 

development approach, two additional adjustments are performed on equation (7). First, to 

incorporate the determinant in economic dimension like economic growth and 

unemployment, of a specific region or area that will affect the consumer’s choice, the factor 

macroeconomic attributes (marco) of a study area is also added to the model as an 

additional factor; and results in equation (8), 
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 𝐶𝑃𝑉𝑖𝑗 = 𝑊𝑇𝑃𝑖𝑗 = 𝐹𝑖𝑗(𝑝𝑖𝑗, 𝑃𝑍, 𝑌𝑖) + 𝐺(𝑚𝑎𝑐𝑟𝑜) + 𝐻𝑗(𝑋𝑗)+ 𝜀𝑖𝑗  
 (8) 

, where  

G (macro) is the function of regional macroeconomic factors. 

 

Second, for the determinants indicating the rest of the essential dimensions, they are 

included into the hedonic function (Hj()), which includes determinants in the 

▪ Technological dimension (Tjt): the vector of electricity’s technical 

characteristics associated with the j-th product, such as load factors and safety;  

▪ Social dimension (Si): is the vector of social characteristics associated with the 

i-th consumer group, such as gender, education, religion, party affiliation;  

▪ Environmental dimension (Eij): the vector of environmental characteristics 

including climate variables associated with the j-th electricity product and the i-

th consumer group, such as level of emissions and air temperature;  

 

Finally, together with the time component t, we can formulate the following equation: 

 𝐶𝑃𝑉𝑖𝑗𝑡 = 𝑊𝑇𝑃𝑖𝑗𝑡 = 𝐹𝑖𝑗𝑡 (𝑝𝑖𝑗𝑡, 𝑃𝑍𝑡 , 𝑌𝑖𝑡) + 𝐺𝑡(𝑚𝑎𝑐𝑟𝑜) + 𝐻(𝑇𝑗𝑡) + 𝐻(𝑆𝑖𝑡) + 𝐻(𝐸𝑖𝑗𝑡) +

𝜀𝑖𝑗𝑡 (9) 

, where 

CPVij is the CPV for the j-th electricity product of i-th consumer group; 

WTPij is the WTP for the j-th electricity product of i-th consumer group; 
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Fij is the function that depends on economic factors, such as the price of the j-th 

electricity product (pj), personal/ individual income (Yi) and consumer price index 

(Pz); 

G (macro) is the function of regional macroeconomic factors; 

Hj is the hedonic function that depends on determinants in technical dimension 

(Tj), social dimension (Si) and environmental dimension (Eij); 

Subscript t is the time component t; 

 𝜀ij is observed by the i-th customer, but not by the researcher. 

 

3.2.2.1 Model implication in the energy industry 

Following the general methodology discussed in the above section (Equation (7)), the 

model will be adopted in assessing the impacts of determinants in four major dimensions 

on WTP for electricity products and services, i.e. proxy of CPV for electricity products and 

services, for various products for various consumer groups, expressed as  

 

 𝐶𝑃𝑉𝑖𝑗𝑡 = 𝑊𝑇𝑃𝑖𝑗𝑡 = 𝐹𝑖𝑗𝑡 (𝑝𝑖𝑗𝑡, 𝑃𝑍𝑡 , 𝑌𝑖𝑡) + 𝐺𝑡(𝑚𝑎𝑐𝑟𝑜) + 𝐻(𝑇𝑗𝑡) + 𝐻(𝑆𝑖𝑡) + 𝐻(𝐸𝑖𝑗𝑡) +

𝜀𝑖𝑗𝑡 (9) 

, where 

CPVij is the CPV for the j-th electricity product of i-th consumer group; 

WTPij is the WTP for the j-th electricity product of i-th consumer group; 
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Fij is the function that depends on economic factors, such as the price of the j-th 

electricity product (pj), personal/ individual income (Yi) and consumer price index 

(Pz); 

G (macro) is the function of regional macroeconomic factors; 

Hj is the hedonic function that depends on determinants in technical dimension 

(Tj), social dimension (Si) and environmental dimension (Eij); 

Subscript t is the time component t; 

𝜀ij is observed by the i-th customer, but not by the researcher. 

 

Further adjustments in the determinants for WTP for electricity products or services 

have also performed based on the model presented by Choynowski (2002), and devised by 

Yevdokimov, Getalo, Shukla and Sahin (2018). In the study of Choynowski (2002), it was 

argued that in the electricity industry which is strictly monitored and regulated, its 

historical data of unit price and consumption levels are often carefully tracked; therefore, 

it served as the optimal data source for defining WTP for electricity products and services 

based on market price model. He also suggested a practical algorithm in expressing the 

estimation WTP for electricity products and services based on a linear inverse demand 

function, as 

 

 P = b - sQ (10) 

, where  

Q is the quantity of electricity consumed by urban residential customers in  
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kWh; 

P is the electricity price in cents per kWh; 

s is the slope of the inverse demand for electricity, which can be obtained from 

value of the point price elasticity of demand (e), i.e. 𝑒 =
1

𝑠
×

𝑃

𝑄
; 

b is the vertical intercept of the inverse demand. 

 

A similar study has also been conducted by Yevdokimov, Getalo, Shukla and Sahin 

(2018) which attempted to quantify WTP based on a derived linear inverse demand for 

electricity, its price elasticity and electricity consumption. Using the Information of price 

and consumption for electricity by i) urban residential customers for the period 1991-2016 

obtained from the electric utility board New Brunswick and the provincial electric utility 

NB Power and ii) price elasticity of demand was taken from Ryan and Razek (2012), 

Yevdokimov, Getalo, Shukla and Sahin (2018) have illustrated willingness to pay (WTP) 

in the electricity utility NB Power in New Brunswick, Canada in Figure 17. In addition, 

the WTP for electricity products or services can also be mathematically expressed as 

Equation (11), where WTP is the consequence of the inverse demand function, or Equation 

(12) by assuming the demand for electricity products or services is a linear inverse demand. 

Based on these equations, the area under the inverse demand line, i.e. WTP for electricity 

products and services can be calculated with data like price elasticity, electricity 

consumption and electricity price in the perspective of suppliers.  

 

  𝐶𝑃𝑉 = 𝑊𝑇𝑃 = ∫ 𝑓(𝑄)𝑑𝑄
𝑄∗

0
   (11) 
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, where  

 f(Q) is the inverse demand function. 

 

 𝐶𝑃𝑉 = 𝑇𝑊𝑇𝑃 = 0.5 × (𝑏 − 𝑃∗) × 𝑄∗ + 𝑃∗ × 𝑄∗ (12) 

, where  

Q is the quantity of electricity consumed by urban residential customers in 

kWh; 

P is the electricity price in cents per kWh; 

s is the slope of the inverse demand for electricity, which can be obtained from 

value of the point price elasticity of demand (e), i.e. 𝑒 =
1

𝑠
×

𝑃

𝑄
; 

b is the vertical intercept of the inverse demand, i.e. 𝑏 = 𝑃∗ +
𝑃∗

𝑒
 

 

Figure 17: Illustration of willingness to pay (WTP) in the electricity utility NB Power in New 

Brunswick, Canada (Source: Yevdokimov, Getalo, Shukla and Sahin (2018)) 
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3.2.2.2 Determinants of CPV/WTP for electricity products and services  

Following the interdisciplinary conceptual framework proposed, the four dimensions, 

technical, economic, social and environmental dimensions, are identified as key factors 

determining CPV / WTP for electricity products and services. It is argued that even most 

of the existing work in the field of CPV or WTP is only concerned on technical attributes, 

the importance of the other three dimensions should not be underestimated. In reference 

on the framework and other empirical studies, a set of factors are identified and grouped 

as determinants in each dimension, as illustrated in the following table:  

Table 5: Determinants of CPV for electricity products and services identified based on the 

framework of the newly proposed interdisciplinary industry-specific conceptual framework  

Dimension Determinant 

Technical 

· Energy consumption of various customer segments 

· Load factor 

· Safety (Number of incidents, types) 

· System average interruption duration index (SAIDI) 

· System average interruption frequency index (SAIFI) 

· Unit cost of electricity 

Economic 

· Electricity prices 

· Household income 

· Regional CPI 

· Regional GDP per capita 

· Unemployment rate 

· Value Added 

Social  

· Number of customers (residential, industrial) 

· Number of total customers 

· Housing type 

· Political affiliation (electoral results) 

Environmental 

· Annual average temperature 

· Emissions of CO2 

· Emissions of SO2 
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4 IMPLICATION TO THE CASE STUDY OF THE ELECTRICITY 

INDUSTRY IN NEW BRUNSWICK, CANADA 

4.1 Background information regarding New Brunswick, Canada 

New Brunswick has the largest among the three Maritime provinces in Canada. It is 

located in the southeastern part of Canada next to the Gulf of St Lawrence and 

Northumberland Strait; and covers over 73,440 square kilometers. It consists of eight major 

cities, i.e., the provincial capital of Fredericton, Bathurst, Campbellton, Edmundston, 

Dieppe, Moncton, Saint John and Miramichi (Figure 18) with multicultural population 

found here due to the history of having immigration on from all over the world. It is also 

the only official bilingual province in Canada, with 33% and 66% of the population is 

French-speaking and English-speaking, respectively. 

 

Figure 18: Location and cities of New Brunswick (Source: Google map, 2018; Government of New 

Brunswick, (2018), modified by author)  
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In regard to electricity supply, the electricity utility NB Power is the largest electric 

utility in Atlantic Canada, primary supplier of the province New Brunswick since 1920s, 

and a crown corporation fully owned by the Government of New Brunswick (New 

Brunswick Power Corporation, 2019). It is also a vertically integrated utility accountable 

for electricity generation, transmission and distribution for most customers in both 

residential and industrial sectors in New Brunswick. According to the annual report 

2017/2018 (New Brunswick Power Corporation, Annual Report 2017/18, 2018), the utility 

has generated 17,013 million kWh services to more than 400,000 indirect and direct 

customers in residential, industrial and commercial sectors. Besides future developments, 

the utility plans to modernize the power grid into a smart grid system and to provide 

customer-oriented energy services (Canadian Electricity Association, 2018). Accordingly, 

shifting toward a more customer centric view by incorporating CPV and some of the other 

above characteristics mentioned, NB Power in New Brunswick serves as an ideal case for 

our study of the use of the concept of CPV in a traditional electricity market.  

 

4.2 Data analyzed 

Thanks to the partnership agreement between the University of New Brunswick, 

Siemens Canada and NB Power, the access to the private and second level corporate data 

of the provincial electric utility NB Power has been granted; and this high-quality data set 

serves as a strong fundamental for the case study within this study. The data set contains 

data such as number of customers, emissions of CO2, load factors, consumption, etc. in the 

time span from the year 1991 to 2016. In addition to the private corporate data, this study 
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also utilizes public-available data from reliable sources such as annual census report, 

Statistics Canada and other research publications as determinants in technical, social, 

environmental and economical dimensions. All data items analyzed in this study are 

presented in the following Table 6.  

 

Table 6: Data source and data items analyzed in this study 

Type of data Private corporate data Public-available data 

Source & 

Data items  

Provincial electric utility NB 

Power 

▪ # of customers (residential, 

industrial) 

▪ # of total customers 

▪ Emissions of CO2 

▪ Emissions of SO2 

▪ Energy consumption of 

various customer segments 

▪ Load factor 

▪ Safety (# of incidents) 

▪ System average interruption 

duration index (SAIDI) 

▪ System average interruption 

frequency index (SAIFI) 

▪ Unit cost of electricity 

 

Annual Census Report 

· Housing type 

· Political affiliation (electoral 

results) 
 

Environment and Natural 

Resources of Canada 

· Annual average temperature 
 

Provincial electric utility board 

▪ Electricity prices 
 

Statistics Canada 

▪ Household income 

▪ Provincial population 

▪ Regional CPI 

▪ Regional GDP per capita 

▪ Unemployment rate 

▪ Value Added 

 

Other provincial publications 

 

Other research publications 

 

 

4.3 Statistics analyses and software 

Various statistical analyses, i.e. correlation analysis and regression analysis were 

employed in processing the data and analyzing the relationship between CPV / WTP and 

various determinants (see Table 7). One of the main statistical analysis employed, the 



Chapter 4 

72 

 

correlation analysis (also called Pearson Product-Moment Correlation), has the objective 

of error detection with the coefficients r showing the strength of a linear association 

between two variables. It helps to detect the potential problems of multi- and perfect 

collinearity within each dimension and among all independent variables to understand and 

prioritize independent variables based on their statistical significance (Lund & Lund, 

2018); therefore, in this study, it is used in eliminating intercorrelated variables for the 

further analyses. Considering another statistical analysis employed, the regression analysis, 

the objective is to test the causal relationship between a dependent variable and 

independent variables with unstandardized coefficients B indicating the extent of variation 

in dependent variables in regard to the changes in an independent variable when all other 

independent variables remain constant (Lund & Lund, 2018). Within this study, the 

correlation analysis is employed to investigate the causal relationship between WTP for 

electricity and relevant determinants. 

Once the correlation analysis was employed on all available determinants and data 

points, various combinations and permutations of determinants were constructed to 

establish the different models for each customer segments. The models were constructed 

based on the methodological guiding principle to cover each of the 4 dimensions as 

suggested in the hypothesis, as well as statistical guidance from the correlation analysis. 

Various models that were tested can be seen as parsimonious model with only one 

determinant per dimension and a macro-/micro- economic determinant to follow the 

research objective. A model with less dimensions was not assessed due to noncompliance 

with the research objective and the challenging task to interpret results that might not 

necessarily provide any further insights compared to the 4-dimensional models. An 
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analysis for each of the constructed models was conducted in a random order to cover all 

relevant possibilities according to the available data. Many models were tested throughout 

the research process; however, a subset of the relevant steps and models was included in 

the appendix of this study. Another subset of the models listed in the appendix was selected 

and included in the result section 4.6. 

All calculations were computed using Stata 13. Stata 13 is an integrated statistics 

software package to perform data manipulation, visualization, statistics, and reproducible 

reporting (StataCorp LLC, 2018). It is widely used by researchers in various disciplines 

like behavioral sciences, biostatistics, economics and finance, business, and marketing 

(StataCorp LLC, Stata, 2018). In this study, the software is used in performing correlation 

analysis and regression analysis correlate [varlist] and xtreg depvar [indepvars] on the 

identified variables (see detailed variables list in Section 4.5) in Section 4.6.2, 4.6.3, and 

Appendix B. 

4.4 Models for the case study 

As discussed Section 2.4.2.2, in order to prevent the data distortion caused by the unit 

price difference among different groups of customer, the analysis of WTP for electricity 

products and services in the case study has been separated into two assessment groups 

based on the customer segment: urban versus rural customers and residential versus 

industrial customers. The underlying rationale for this categorization were i) the selected 

segments account for the largest share of customers within the utility, where it is expected 

that their preferences and needs play a crucial impact to determine the performance of the 

utility; and also ii) these segments are expected to have major differences in expectations, 
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preferences and requirements on electricity products and services, e.g. urban / rural 

customers or residential / industrial customers. It is necessary for the utility to understand 

these considerations, as well as variations in order to create and customize products and 

services resulting in higher WTP / CPV within each customer segment.  

Moving into the details in each assessment group: first, for the comparison of urban (a 

proxy for the ten most populated cities across New Brunswick) and rural (a proxy of five 

average size rural cities across New Brunswick) customers, the major objective is to 

investigate differences in WTP / CPV induced by the different geographically locations, 

external environment factors and lifestyle between those living in urban areas and rural 

areas. While, for the comparison of residential (average household customer connected to 

the distribution system in New Brunswick) and industrial (industrial customers directly 

connected to the transmission system in New Brunswick) customers, it aims to explore 

impacts on size of demand, where industrial customers usually have much higher annual 

consumption levels of electricity than residential customers, on WTP / CPV for products 

and services, especially in relation to factors like demand charges, technical complexity, 

and reliability requirements.  

 

4.5 Model variables analyzed for the case study 

From the private corporate data set provided by NB Power and the publicly available 

data, the following data items are selected as model variables to assess WTP / CPV for 

electricity products and services in New Brunswick, Canada based on the perspective of 

the supplier, i.e. the provincial electric utility NB Power by using the revealed preferences 
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approach. As it can been seen from Table 7, the dependent variable of the investigation for 

urban / rural customers and residential / industrial customers are both WTP for a unit of 

electricity calculated based on electricity consumption provided, price elasticity and 

electricity prices using the approach proposed by Choynowski (2002) (see detailed 

discussion of the approach in Section 3.2.2.1). While, for the independent variables, both 

assessments consist of determinants in four dimensions (technical, economic, social & 

environmental dimension). Yet, there was a slight difference in the use of determinants, 

especially in the social dimension where on an individual level, social determinants were 

housing type and party affiliation, whereas social determinants within the industrial 

customer segment were excluded due to its irrelevance. 
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Table 7: Description of variables analyzed in the case study of electricity industry in New Brunswick, 

Canada 

Variable 

Description of data items analyzed in assessment group 

1. Urban vs  

Rural customer 

2. Residential vs 

Industrial customer 

Dependent variable: 

Willingness 

to Pay 

(lnwtp) The amount of money a customer willing to pay for one unit 

of electricity calculated based on   

▪ Electricity consumption (From provincial electric utility 

NB Power) 

▪ Price elasticity (From Ryan and Razek, 2012) 

▪ Electricity prices (From provincial electric utility NB 

Power) 

Independent variables: 

Technology dimension 

Safety (lnsafety) Number of all safety incidents, including first aids, medical 

aids, near miss, property/equipment damage and disabling 

within the electric utility (From provincial electric utility 

NB Power) 

Reliability (lnsaidi) Average system interruption duration index (From 

provincial electric utility NB Power) 

(lnsaifi) Average system interruption frequency index (From 

provincial electric utility NB Power) 

Unit cost of 

electricity 

(lnucreal) Average cost to generate one unit of electricity (From 

provincial electric utility NB Power) 

Load factor (lf) Variability of consumption / generation measured by 

average load divided by peak load in a specific given time 

period (per year). (From provincial electric utility NB 

Power) 

Economic dimension 

Personal 

income 

(lnincreal) Personal household income 

(CAD$) (From the report 

“The rural-urban income gap 

within provinces: An update 

to 2000” for the period 1980-

2000.) 

For residential customer: 

Personal household 

income (CAD$) (From the 

report “The rural-urban 

income gap within 

provinces: An update to 

2000” for the period 1980-

2000.) 

For industrial customer: 

Revenue of corporations 

(CAD$) (From annual 

plans of corporations) 
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Price of 

electricity 

(lnepreal) Average price of electricity per unit of electricity, measuring 

in real price in the level of 2000 (From provincial electric 

utility NB Power) 

Regional 

GDP 

(lnrgdppc) GDP for province of New Brunswick (From Statistics 

Canada)   

Unemploy-

ment 

(ur) Unemployment rate for province of New Brunswick (From 

Statistics Canada)   

Inflation (cpi) Inflation rate for the province of New Brunswick (From 

Statistics Canada)   

Social dimension: 

Housing 

type 

(lnhouse) Housing types of customers 

(farm, house, apartment, 

commercial, industrial). 

(From provincial electric 

utility NB Power) 

/ 

Party 

affiliation 

(lib) People’s preferences for the 

liberal political party, i.e. 

Progressive Conservative 

Party of New Brunswick. 

(From provincial election 

results) 

/ 

(pc) People’s preferences for the 

democratic political party, i.e. 

Progressive Conservative 

Party of New Brunswick 

(From provincial election 

results)  

/ 

(ndp) People’s preferences for the 

democratic political party, i.e. 

New Brunswick New 

Democratic Party (From 

provincial election results) 

/ 

Population (lnpop) Population in the province of New Brunswick (From 

Statistics Canada) 

Number of 

customers 

(lncustom

ers) 

Number of residential and industrial customers of NB 

Power. (From annual report of electric utility NB Power) 

Total 

number of 

customers 

(Intc) Number of total customers of NB Power. (From annual 

report of electric utility NB Power) 

Environmental dimension 

Emissions 

of SO2 

(lneso2) Emissions of sulfur dioxide (chemical compound) created 

by generation fleet of NB Power (From provincial electric 

utility NB Power) 
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Emissions 

of NO2 

(lneno2) Emissions of nitrogen dioxide (chemical compound) created 

by generation fleet of NB Power (From provincial electric 

utility NB Power) 

Emissions 

of CO2 

(lneco2) Emissions of carbon dioxide (chemical compound) created 

by generation fleet of NB Power. (From provincial electric 

utility NB Power) 

Temperatur

e 

(lnt) Annual average air temperature in province of New 

Brunswick. (From Environment and Natural Resources of 

Canada) 

Remark: Full description of variables see Appendix A: Detailed data description 
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4.6 Result 

4.6.1 Descriptive statistics 

Based on Choynowski (2002)’s approach discussed in Section 3.2.2.1 and the modified 

model proposed by Yevdokimov et al. (2018), the dependent variable, willingness to pay 

(WTP) for electricity products and services provided by NB Power is then computed based 

on annual electricity consumption, price elasticity and electricity unit prices for four 

customer segments; and presented changes of WTP from the year 1991 to the year 2013. 

In all four customer segments, the WTP for electricity increased over the studied period, 

in particular the period between 2006 and 2013. Industrial customers were found to have 

the highest WTP for electricity in the entire study period and increased dramatically from 

60.0 cent/kWh in 1991 to 116.4 cent/kWh. While, there were only a slight increase 

observed in the other three customer segments during the period, with from 8.1 cent/kWh 

to 17.9 cent/kWh for residential customer; from 8.2 cent/kWh to 18.2 cent/kWh for urban 

customers and finally 7.7 cent/kWh to 17.0 cent/kWh for rural customers.  
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Figure 19: Change in WTP for electricity for 4 customer segments from 1991 to 2013 in New 

Brunswick, Canada 

 

In addition to the changes of WTP presented in the above table, the descriptive statistics 

of dependent variable and independent variables are analyzed in the two assessment 

groups. The following table (see Table 8) summarizes each of the variables analyzed 

regarding its descriptive statistics, such as their minimum, maximum, mean, and standard 

deviation value, as well as their involvement in the assessment groups in a comprehensive 

overview. And it is noted that most of the variables were transformed to the natural 

logarithm value, except load factor (if), unemployment rate (ur) and party affiliation (lib). 
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Table 8: Descriptive statistics for variables analyzed 

Independent Variable Mean SD. Min. Max. Included in  

1 2 

Technological dimension 

lnsafety 6.89 0.14 6.64 7.16 Y Y 

lnsaidi 4.32 0.65 3.17 5.18  Y 

lnucreal 0.86 0.37 0.27 1.55  Y 

lf 55.91 3.23 49.20 60.80  Y 

Economic dimension 

lnincrealr 9.79 0.11 9.62 9.96 Y Y 

lnincreali 21.65 0.25 21.10 21.91   Y 

lneprealr 1.80 0.15 1.62 2.08 Y Y 

lneprealr 1.24 0.07 1.36 1.14  Y 

ur  10.53 1.55 7.50 13.00 Y Y 

Social dimension 

lnfemale 10.24 0.07 10.84 11.08 Y  

lib 43.73 6.92 34.13 52.76 Y  

lncustomers 12.78 0.07 12.66 12.88  Y 

Environmental dimension 

lnt 1.72 0.15 1.44 1.97 Y Y 

lneso2 10.95 1.22 10.30 15.06 Y Y 

lneco2 8.40 1.21 3.69 8.68 Y Y 

Note: Sample size SAIDI was calculated based on existing data from 2003 to 2013. 

 

4.6.2 Correlations among variables 

Before moving to the assessment of contribution of each determinant on WTP for 

electricity products and services, correlation analyses were conducted to detect the 

potential problems of multi- and perfect collinearity within each dimension and among all 

independent variables to understand and prioritize independent variables based on their 

statistical significance. The results were presented in a correlation matrix and serve as a 

reference in eliminating those variables with collinearity to other variables. Considering 
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that the observed time-period was short, an optimization that is solely based on statistical 

perspective was avoided. 

Table 9: Correlation matrix: Technological dimension 

Variable 1 2 3 4 5 

1. safety 1.0000     

2. lf .0010 1.0000    

3. lnsaifi -.0829 -.2021 1.0000   

4. lnsaidi .2004 .0034 -.1104 1.0000  

5. lnucreal .1195 -.7095 -.0702 .1136 1.0000 

Note: Number of incidents during a year (safety); system average interruption duration 

index (lnsaidi), unit cost (lnucreal), load factor (lf), system average interruption 

frequency index (lnsaifi) 

Table 10: Correlation matrix: Economic dimension 

Variable 1 2 3 4 

1. lnrgdppc 1.0000 
 

 
 

2. ur -.9006 1.0000   

3. lnincreal .7795 -.6530 1.0000  

4. lnepreal .8162 -.6242 .6626 1.0000 

Note: GDP per capita (lnrgdppc); unemployment rate in New Brunswick, Canada (ur); 

income per capita (Inincreal); average elctricity prices (lnepreal); 

Table 11: Correlation matrix: Social dimension 

Variable 1 2 3 4 5 

1. lnpop 1.0000 
 

  
 

2. lnhouse .1856 1.0000    

3. lib -.5187 -.2715 1.0000   

4. pc .0381 .0985 -.7856 1.0000  

5. ndp .4633 .1077 -.4329 -.0797 1.0000 

Note: Population in NB (lnpop), number of houses (lnhouse), party affiliation (lib; pc; 

ndp) 

Table 12: Correlation matrix: Environmental Dimension  

Variable 1 2 3 

1. lneco2 1.0000 
  

2. lneso2 -.1003 1.0000  

3. lnt .0183 -.1235 1.0000 

Note: CO2 emissions (lneco2), SO2 emissions (lneso2); average annual temperature (lnt) 
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Table 13: Correlation matrix for economic, social, technological and environmental variables 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1. 

lnincreal 
1.00              

2. lnpop .27 1.00             

3. 

lnhouse 
.86 .19 1.00            

4. lib -.53 -.52 -.27 1.00           

5. pc .38 .04 .10 -.79 1.00          

6. ndp .00 .46 .11 -.43 -.08 1.00         

7. 

lnsaidi 
.13 .10 .06 -.32 .42 -.01 1.00        

8. 

lnucreal 
.68 .30 .40 -.37 .36 -.31 .11 1.00       

9. safety -.04 -.15 .03 .20 -.02 -.27 .20 .12 1.00      

10. lf -.42 -.34 -.27 .23 -.12 .09 .00 -.71 .00 1.00     

11. 

lnsaifi 
-.13 -.40 -.09 .34 -.19 -.15 -.11 -.07 -.08 -.20 1.00    

12. 

lneco2 
-.52 -.04 -.85 .03 .18 -.32 .05 -.04 .031 .08 -.04 1.00   

13. 

lneso2 
.04 -.12 0.19 .09 -.08 .07 .08 -.34 .054 .36 -.08 -.10 1.00  

14. lnt .52 .24 0.28 -.57 .54 -.08 .17 .50 -.18 -.27 -.42 .02 -.12 1.00 

Note: variables are classified into four dimensions, which  

i) Technical dimension - number of incidents during a year (safety); system average 

interruption duration index (lnsaidi), unit cost (lnucreal), load factor (lf), system average 

interruption frequency index (lnsaifi);  

ii) Economic dimension - GDP per capita (lnrgdppc); unemployment rate in New 

Brunswick, Canada (ur); income per capita (Inincreal); average elctricity prices 

(lnepreal);  

iii) Social dimension - population in NB (lnpop), number of houses (lnhouse), party 

affiliation (lib; pc; ndp);  

iv) Environment dimension - CO2 emissions (lneco2), SO2 emissions (lneso2); average 

annual temperature (lnt) 

 

4.6.3 Regression analysis 

In this section, the results of the regression analysis are presented, which is exploring 

the direct and magnitude of impact of determinants on WTP based on the two assessment 

groups presented in the upcoming two sections. Yet, it is important to note that in order to 

keep the preciseness and simplicity, the following two sections are only reporting the key 
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results, while all the detailed intermediate and alternative model results are presented in 

Appendix B: Intermediate steps and results. Besides, it is also noted that the logarithmic 

transformations were performed on variables to eliminate the outlying factors. And 

therefore, following the general interpretation approaches of log-transformed data, the 

impact size would be expressed in term of percentage changes.  

 

4.6.3.1 Impact on WTP of Urban and Rural Customer Segments 

Table 14: Summary of all regression model results for WTP for urban and rural customers 

Dimension Determinant2 Result in Model1 

1 2 3 4 5 

Technical safety n n n + + 

Economic 

lnincreal + + + + + 

lnepreal + + + + + 

ur 
 

- - - - 

Social 
lib + + + + n 

lnfemale 
  

+ + n 

Environmental 

lnt - - - - - 

lneco2 - - 
   

lneso2   - - n 

Other 

_cons - - n - - 

trend + + + + 
 

lag1 
   

+ + 

Note 1: p<0.05 + = positive contribution to WTP; -  = negative contribution to WTP; n = 

no statistical significant effects at 95% confidence level; N=46, i.e. 23 years data for each 

customer segment, i.e. urban and rural resident. 

Note 2: variables are classified into four dimensions, which are 

i) Technical dimension - number of incidents during a year (safety); system average 

interruption duration index (lnsaidi), unit cost (lnucreal), load factor (lf), system average 

interruption frequency index (lnsaifi);  

ii) Economic dimension - GDP per capita (lnrgdppc); unemployment rate in New 

Brunswick, Canada (ur); income per capita (Inincreal); average elctricity prices 

(lnepreal);  

iii) Social dimension - population in NB (lnpop), number of houses (lnhouse), party 

affiliation (lib; pc; ndp);  
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iv) Environment dimension - CO2 emissions (lneco2), SO2 emissions (lneso2); average 

annual temperature (lnt); 

v) Other – constant (_cons); time trend (trend) 

 

Based on the interdisciplinary conceptual framework proposed and the method of 

measuring CPV with WTP discussed previously, five separate regression analyses will be 

presented to test and evaluate if there are changes in direction and magnitude of the impacts 

of determinants in control of various variables; and with results briefly summarized in 

Table 14. Additional regression analyses that were performed are attached in the appendix 

(see Appendix B: Intermediate steps and results). As it can be seen in the table, most of the 

variables have reported to have consistent direction and significant level of impacts on 

WTP throughout the models. As an economic determinant, the average electricity price 

(lnepreal) was found to have the highest contribution to WTP throughout the models, 

followed by income per capita (lnincreal). Yet, it was recognized that there were changes 

in absolute magnitude among various models, the following sections will discuss the 

modeling results on several key models, i.e. the initial model (i.e. model 1), and the best 

model (i.e. model 4) in detail.  
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Table 15: Model 1 Regression results for WTP of urban and rural customers  

Variable  B SE. B t 

lnincreal .2226** .0738 3.02 

lnepreal .9528** .0003 3675.73 

lib .0005** .0002 2.68 

safety -.0033 .0031 -1.07 

lnt -.0437** .0104 -4.22 

trend  .01811** .0011 16.17 

lneco2 -.0060** .0011 -5.57 

_cons -1.5631* .7217 -2.17 

R-squared  0.9985 

Note 1: *p<0.05, **p<0.01. N=46, i.e. 23 years data for each customer segment, i.e. urban 

and rural resident. 

Note 2: variables are classified into four dimensions, which  

i) Technical dimension - number of incidents during a year (safety); system average 

interruption duration index (lnsaidi), unit cost (lnucreal), load factor (lf), system average 

interruption frequency index (lnsaifi);  

ii) Economic dimension - GDP per capita (lnrgdppc); unemployment rate in New 

Brunswick, Canada (ur); income per capita (Inincreal); average elctricity prices 

(lnepreal);  

iii) Social dimension - population in NB (lnpop), number of houses (lnhouse), party 

affiliation (lib; pc; ndp);  

iv) Environment dimension - CO2 emissions (lneco2), SO2 emissions (lneso2); average 

annual temperature (lnt) 

v) Other – constant (_cons); time trend (trend) 

 

In the model 1, the regression analysis was employed to regress WTP for electricity 

products and services with independent variables in four key dimensions (technological, 

economic, social & environmental) with an additional time trend variable for considering 

the time effect; and the prediction model of WTP of urban and rural residents expressed 

as:  

ln 𝑊𝑇𝑃 = −1.5631 + 0.2226 ln(lnincreal) + 0.9528 ln(lnepreal) + 0.0005 ln(lib)

− 0.0437 ln(lnt) + 0.01811 ln(trend) − 0.0060 ln(trend) 
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, with R2 of 99.85%. Among the seven independent variables, most of the variable were 

found to be statistically significant at the confident level of 95%., except the technological 

variable safety, p=285. Economic variables, income per capita (lnincreal) and average 

electricity price (lnepreal) were found to have positive contribution to WTP with an 

additional percentage increase in income per capita and an additional rise in average 

electricity price, the WTP will increase by 0.22% and 0.95%, respectively. While, a slightly 

negative contribution of environmental determinants is reported, an 1% increase in average 

annual temperature (lnt) and CO2 emission (lneco2) would lower WTP by 0.043% and 

0.006%, respectively. Finally, for the social determinants and the time variable, they were 

both found to have little positive impacts, with 0.0005% and 0.0181% in WTP associated 

with an increase in their value.  

While, the sole introduction of the macro-economic variable unemployment rate (ur) in 

model 2 and the exclusion of the time trend variable (trend) did not significant altered the 

results or improve the explanatory power of the model, and even lead to illogical results 

like the insignificant result of the technological variable “safety”, which should be a 

contributing factor as discussed by other empirical work (Zhou, Li, & Li, 2008), the 

inclusion of a group of variables, i.e. macro-economic variable unemployment rate (ur), 

social variable gender and long-term effect variable have helped in improving the 

explanatory power of the models (see Appendix B: Intermediate steps and results). 

Besides, a correlation analysis was performed in verifying the collinearity among the 

newly introduced variables and the original variable set. Based on the results shown in 

Table 16, a close relationship between the two gender variables (lnmale & lnfemale),  

r= 0.994 and between gender variables (lnmale & lnfemale) and emission of CO2 (lneco2), 
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r=-0.956 and r=-0.956 was identified. This led to the following two modifications of the 

model: i) only female variable was included as gender variable and ii) emissions of CO2 

was replaced with emissions of SO2 to prevent further problems of collinearity. 

Table 16: Correlation matrix –Variables in model 1;  

Variabl

e 1 2 3 4 5 6 7 8 9 10 11 12 

1. 

lnincre

al 

1.000

0 

           

2. 

lneprea

l 

.6626 1.000

0 

          

3. 

safety 

-

.0436 

-

.1164 

1.000

0 

         

4. 

lneco2 

-

.5194 

-

.0540 

.0309 1.000

0 

        

5. lnt .5234 .5079 -

.1811 

.0183 1.000

0 

       

6. pc .3780 .2913 -

.0191 

.1819 .5412 1.000

0 

      

7. 

trend 

.7954 .8781 .0431 -

.0080 

.6055 .5055 1.000

0 

     

8. 

lnfemal

e 

.6242 .1277 -

.0175 

-

.9567 

.0473 -

.1297 

.1024 1.000

0 

    

9. 

lnmale 

.6470 .1232 -

.0005 

-

.9565 

.0749 -

.0873 

.1315 .9943 1.000

0 

   

10. 

lneso2 

.0395 -

.3517 

.0544 -

.1003 

-

.1235 

-

.0764 

-

.2839 

.2836 .2672 1.000

0 

  

11. lib -

.5267 

-

.4754 

.1989 .0294 -

.5666 

-

.7856 

-

.5674 

-

.0697 

-

.0988 

.0920 1.000

0 

 

12. ur -

.6530 

-

.6242 

-

.0012 

-

.0310 

-

.5393 

-

.5645 

-

.8126 

-

.0709 

-

.0965 

.1815 .3311 1.000

0 

Note: variables are classified into four dimensions, which  

i) Technical dimension - number of incidents during a year (safety); system average 

interruption duration index (lnsaidi), unit cost (lnucreal), load factor (lf), system average 

interruption frequency index (lnsaifi);  

ii) Economic dimension - GDP per capita (lnrgdppc); unemployment rate in New 

Brunswick, Canada (ur); income per capita (Inincreal); average elctricity prices 

(lnepreal);  

iii) Social dimension - population in NB (lnpop), number of houses (lnhouse), party 

affiliation (lib; pc; ndp);  

iv) Environment dimension - CO2 emissions (lneco2), SO2 emissions (lneso2); average 

annual temperature (lnt) 

v) Other – constant (_cons); time trend (trend); long-term effect (lag1) 
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Table 17: Model 4 Regression results for WTP of urban and rural customers  

Variable B SE. B t 

lnincreal .096** .017 5.79 

lnepreal .904** .021 44.19 

lib .000* .000 2.08 

safety .009* .004 2.09 

lnt -.049** .005 -9.44 

trend  .0189** .000 55.96 

lneso2 -.004** .001 -2.67 

ur -.002** .0003126 -6.06 

lnfemale .038** .0097271 3.90 

lag1 .039** .0064685 5.97 

_cons -.803** .2665523 -3.01 

R2 0.999 

Note 1: *p<0.05, **p<0.01. N=46, i.e. 23 years data for each customer segment, i.e. urban 

and rural resident. 

Note 2: variables are classified into four dimensions, which  

i) Technical dimension - number of incidents during a year (safety); system average 

interruption duration index (lnsaidi), unit cost (lnucreal), load factor (lf), system average 

interruption frequency index (lnsaifi);  

ii) Economic dimension - GDP per capita (lnrgdppc); unemployment rate in New 

Brunswick, Canada (ur); income per capita (Inincreal); average elctricity prices 

(lnepreal);  

iii) Social dimension - population in NB (lnpop), number of houses (lnhouse), party 

affiliation (lib; pc; ndp);  

iv) Environment dimension - CO2 emissions (lneco2), SO2 emissions (lneso2); average 

annual temperature (lnt) 

v) Other – constant (_cons); time trend (trend); long-term effect (lag1) 

 

In model 4, i.e. the best model for illustrating the casual relationship between urban and 

rural residents suggested in this study, the dependent variable, i.e. WTP of urban and rural 

customers, was regressed against eight determinants from technical, economic, social and 

environmental dimension and two other variables. The predication model resulted was 

expressed as  
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ln 𝑊𝑇𝑃 = −0.803 + 0.096 ln(lnincreal) + 0.904 ln(lnepreal) + 0.000 ln(lib)

+ 0.009 ln(safety) − 0.0437 ln(lnt) + 0.019 ln(trend)

− 0.004 ln(lneso2) + 0.38 ln(lnfemale) + 0.39 ln(lag1) 

, with R2 of 99.9%. And similar with the result of model 1 presented above, the economic 

variable average electricity price (Inepreal) was still found to be the statistically significant 

determinant with the highest coefficient, B=0.904, p<0.01; which means a percentage 

increase in the average electricity price will increase the WTP of urban and rural customers 

by 0.904%. Determinants with the second highest impacts were also same with the model 

1, which was the economic variable income per capita (lnincreal) with coefficient of 0.096. 

While, the two newly introduced variables, i.e. gender variable (lnfemale) and long-time 

effect variable (lag1), were also found to have medium positive impacts of the WTP of 

urban and rural customers with the third and the fourth highest coefficients. And an 

additional percentage increase in female customers or lag would lead to the increase of 

WTP by 0.038% and 0.039%, respectively. Besides, it is also note that the technological 

variable was changed from a statistically insignificant variable in model 1 to significant at 

95% in model 4, which was suggested to be a better fit and describe the real situation. 

While, for the other variables like unemployment rate (ur) and average annual temperature 

(lnt), their direction and magnitude of the impacts were found to be similar with the one 

reported in model 1. Finally, based on the brief model results shown in the table of 

summary and the result of model 4, the important determinant in affecting WTP was found 

to be economic determinants, i.e. average electricity price (lnepreal & lnincreal), following 

those in social and environmental and lastly technological dimension.  
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4.6.3.2 Impact on WTP in Residential and Industrial Customer Segments 

Table 18: Summary of all regression model results for WTP for residential and industrial customer 

segments 

Dimension Determinant 
Result in Model* 

1 2 3 4 5 6 

Technical 

safety n n     

lnsaidi    -   

lnsaifi     +  

lf      + 

lnucreal    n    

Economic 
lnincreal n + + + + n 

lnepreal + + + + + + 

Social 
ur n + n n n n 

lncustomer  -  - - - - 

Environmental 
lnt - - - - - - 

lneco2 - - - - - - 

Other 

trend  + + + + + + 

lag1  - - - - - - 

_cons + n + + + + 

Note: p<0.05; + = positive contribution to WTP; - = negative contribution to WTP; n = 

no statistical significant effects at 95% confidence level; 

Note 2: variables are classified into four dimensions, which  

i) Technical dimension - number of incidents during a year (safety); system average 

interruption duration index (lnsaidi), unit cost (lnucreal), load factor (lf), system average 

interruption frequency index (lnsaifi);  

ii) Economic dimension - GDP per capita (lnrgdppc); unemployment rate in New 

Brunswick, Canada (ur); income per capita (Inincreal); average elctricity prices 

(lnepreal);  

iii) Social dimension - population in NB (lnpop), number of houses (lnhouse), party 

affiliation (lib; pc; ndp);  

iv) Environment dimension - CO2 emissions (lneco2), SO2 emissions (lneso2); average 

annual temperature (lnt); 

v) Other – constant (_cons); time trend (trend) 

 

Similar to the analyses of the WTP of urban and rural customers, the WTP for electricity 

products and services in residential and industrial customer segments have also been tested 
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by regression analysis with the determinants in the known four dimensions. Slight 

adjustments to better describe the two customer segments, such as exclusion of the social 

variable party affiliation (lib, pc & ndp) and introduction of number of residential and 

industrial customer (lncustomer) as a social variable was performed. Time trend (trend) 

and long-effect (lag1) variables were also included in the analyses as learning from the 

previous analyses.  

Six separate regression analyses were also performed to test and evaluate if there would 

be changes in direction and magnitude of the impacts of determinants in control of various 

variables (Table 18). Yet, unlike the consistency of direction and level of significance 

among models presented in the previous section, the level of significance of determinants 

in economic and social dimensions were usually found to be varied with the change of 

technological variable entering the model, except the economical determinant average 

price of electricity (lnepreal) and the social variable number of customer (lncustomer). 

While, for the determinants in environmental dimension and others, a consistent direction 

and level of significance was observed. And in the following section, we would discuss the 

initial model, as well as the best model, i.e. model 1 in detail with a brief discussion of 

reasons why other models failed in improving the explanatory power of the models (see 

detailed results of all models in Appendix B: Intermediate steps and results). 
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Table 19: Model 1 Regression results for WTP of residential and industrial customers 

Variable  B SE. B t 

lnincreal .0700 .037 1.90 

lnepreal 1.001** .065 15.49 

safety .0153 .022 .69 

lncustomer  -.219** .048 -4.59 

lnt -.059** .010 -5.74 

trend .0207** .001 16.83 

lag1 -.043** .004 -11.73 

lneco2 -.056* .024 -2.33 

ur -.002 .004 -0.54 

_cons 3.001** .610 4.92 

R2 0.999 

Note 1: *p<0.05, **p<0.01. N=46, i.e. 23years data for each customer segment, i.e. urban 

and rural resident. 

Note 2: variables are classified into four dimensions, which  

i) Technical dimension - number of incidents during a year (safety); system average 

interruption duration index (lnsaidi), unit cost (lnucreal), load factor (lf), system average 

interruption frequency index (lnsaifi);  

ii) Economic dimension - GDP per capita (lnrgdppc); unemployment rate in New 

Brunswick, Canada (ur); income per capita (Inincreal); average elctricity prices 

(lnepreal);  

iii) Social dimension - population in NB (lnpop), number of houses (lnhouse), party 

affiliation (lib; pc; ndp);  

iv) Environment dimension - CO2 emissions (lneco2), SO2 emissions (lneso2); average 

annual temperature (lnt) 

v) Other – constant (_cons); time trend (trend); long-term effect (lag1) 

 

As it can be seen in Table 19, nine variables from four dimensions and additional other 

factors were entered and a prediction model was generated expressed as, 

 

ln 𝑊𝑇𝑃 = −3.001 + 1.001 ln(lnepreal) − 0.219 ln(lncustomer) − 0.059 ln(lnt)

+ 0.0207 ln(trend) − 0.043 ln(lag1) − 0.006 ln(lneco2) 
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, with R2 is 99.9%. Among the nine variables inputted, six of them were found to be 

statistically significant at 95% confidence level. The economic variable average price of 

the electricity (lnepreal) was found to be the determinant with the highest impact with a 

percentage increase in a Canadian dollar of electricity price resulting in 1.00% increase in 

WTP for electricity products and services, which was similar with the result in the segment 

for urban and rural customers. Another economic determinant income of the customer 

(lnincreal) was surprisingly found to be not significant p=0.58. Besides, instead of highly 

dominated by economic factors as in the previous analysis, the social factor number of 

customer (lncustomer) played an important role in lowering the WTP that a 1% increase 

of customers will decrease the WTP by 0.219%. Another interesting finding was the 

negative impact of average temperature with a coefficient of -0.059, which possibly 

indicates that in New Brunswick, the major demand for electricity is during the long and 

cold winter time and for heating purposes; accordingly, the lower temperature will also 

result in a higher WTP for electricity products and services for both residential and 

industrial users. While, other variable like time trend, long-time effect and CO2 emissions 

also have a slight significant impact with the coefficients of 0.020, 0.043 and 0.006, 

respectively, but with no significant effect from unemployment rate (ur) and number of 

incidents during a year (safety).  

Model 1 was considered as the best model after reviewing the results of the other five 

alternative models, which have either found to be failed to improve the explanatory power 

of the model or not consistent with empirical findings by other researchers. First, in model 

2, the social determinant number of customer (lncustomer) was excluded, but with no 

improvement of the value of R2. While, in model 3 to model 6, it was attempted to replace 
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the technological determinants number of customer (safety) with other technological 

variable, i.e. unit cost (lncreal) in model 3, system average interruption duration index 

(lnsaidi) in model 4 and system average interruption frequency index (lnsaifi) in model 5 

and load factor (lf) in model 6. However, as presented in Table 19, the result did not vary, 

and even lowered the explanatory power; after reviewing all the model results, the results 

of multiple combinations of independent variables and comparison with results of previous 

studies, it is suggested that model 1 is the best model. Though the results of the other five 

models provided additional insights, i.e. technological determinants, such as reliability 

(lnsaidi & lnsaifi) and load factor (lf) also have an effect in WTP for electricity products 

and services. 

 

4.7 Summary 

In order to understand how customers’ perceive value of electricity as a product or 

service seen from the perspective of a supplier, this study applied the proposed 

interdisciplinary conceptual framework in the case study in New Brunswick, Canada. 

Using the private corporate data provided by the provincial electricity utility NB Power 

and public-available data, the casual relationships between proxy of CPV for electricity 

products and services, i.e. WTP for electricity products and services, and determinants in 

the four dimensions (technological, economic, social and environmental dimensions) were 

tested and observed as shown in following table.  
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Table 20: Summary of the findings of the empirical study in the case study of New Brunswick, 

Canada. 

Urban and rural residential customer  Residential and industrial customer 

▪ Residential customers are mainly 

driven by economic aspects, i.e. 

average electricity price and personal 

income 

▪ Secondary indicators are 

environmental and social aspects 

▪ Technical indicators are still important 

▪ All four dimensions (economic, 

environmental, social and technical) 

have to be considered simultaneously 

▪ Increase in temperature, emissions, or 

unemployment, leads to a decrease in 

willingness to pay (perceived value) 

▪ Temperature and emissions are the 

highest indicator; followed by 

unemployment 
 

▪ Industrial customers are mainly driven 

by economic and social aspects, i.e. 

personal income and corporate revenue 

▪ Social determinants are the second 

most important factors 

▪ Technical and macro-economic 

variables are still relevant 

▪ Similar to the residential segment, all 

four dimensions (economic, 

environmental, social and technical) 

have to be considered simultaneously 

▪ Increase in number of customers, 

temperature, emissions, or 

unemployment, leads to a decrease in 

willingness to pay (perceived value) 

▪ Number of customers is the highest 

indicator, followed by temperature and 

emissions before unemployment 

▪ In the comparison between industrial 

and residential segments, social aspects 

are more important than environmental 

aspects in contrast to the urban and 

rural segments 

▪ Outage frequency (SAIFI) is more 

relevant for industrial customers, than 

outage duration (SAIDI)  

 

 

  



Chapter 5 

97 

 

5 CONCLUSION & DISCUSSION 

5.1 Summary of major findings  

As identified in the Literature Review of this study, the business model of electric 

utilities has barely changed due to the problem of corporate inertia since their invention in 

1881. However, it is evident that the energy sector is on the verge of transforming due to 

the loss of natural monopoly, liberation of energy markets, technological innovations in 

renewable energy sources and increasing environmental awareness of the general public. 

Facing the transforming markets, the revision of traditional business models to more 

customer-centric and the development of new products and services that better fit 

customers’ needs are urged for electric utilities in order to improve product and service 

and consequently business performance in an increasingly competitive market. 

This study suggests revising the traditional business model of electric utilities by taking 

latest research outcomes into consideration. The concept of “customer perceived value 

(CPV)”, mainly adopted in but not limited to the marketing discipline, helps to enrich the 

current understanding of the interface between suppliers and customers, and better 

incorporates the customers’ will in estimating value for products and services, then 

previous established concepts (e.g. customer satisfaction, customer loyalty, etc.). 

Therefore, as the guiding research objective, this study aims to investigate how the concept 

of CPV can be applied in improving performance of electric utilities. Applying the concept 

of CPV within business operations of electric utilities, energy products and services can be 

developed that are perceived of higher value by customers, resulting in higher market 
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shares within an increasingly competitive market and improving overall performance of 

products, services, and organizations (Anastasia, 2017). 

Three major research tasks, i) constructing an interdisciplinary conceptual framework 

of CPV, ii) identifying determinants of CPV for electricity products and services and iii) 

application to the case study of the electricity industry in New Brunswick, were performed 

in this study, and presented in Chapter 2, Chapter 3, and Chapter 4 respectively. In Chapter 

1.3, the previous discussions related to the concept of CPV in terms of theoretical 

background, definition, grounding factors, determinants, as well as applications in the 

energy industry, were systematically and carefully reviewed and summarized. Yet, it was 

noted that as the concept of CPV was a complex phenomenon that have been discussed 

among various academic groundings, it resulted in a lack of agreement among studies and 

hindered the potentials of cross-disciplinary collaborations. Therefore, in order to enable 

interdisciplinary discussions and combine knowledge of various disciplines, the 

interdisciplinary conceptual framework for general market products and services and the 

industry-specific conceptual framework for the energy industry were proposed by this 

study as an essential mean to build a common language and structure in CPV discussions 

among scholars. The proposed general framework establishes the capability to identify, 

standardize and communicate the location of an academic study or contribution within the 

current literature of CPV based on three major components of consideration: i) theoretical 

background of CPV; ii) elements grounding and constructing CPV and finally iii) value 

creation process for a general market product or service. First, theoretical background of 

CPV, referring to the academic disciplines and theories in discussion for CPV, functions 

in identifying the contextual relationship of a study. The second component, elements 
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grounding and constructing CPV, covered in six major elements categorized and identified 

by reviewing previous studies of CPV (perspectives, dimensionality, subjectivity, 

competition, situational and time context) and assists in identifying relevant extrinsic 

factors and distinguishing research streams within a discipline. Finally, and most 

importantly, the value creation process for a general market product or service that 

illustrates the interrelation among the four major components of the framework i) CPV, ii) 

dimensions (technical, social, economic and environmental), iii) determinants as well as 

iv) other related concept, helps to facilitate better comparisons across industries and gives 

the opportunity for aggregation and partial testing. Determinants are measurable indicators 

that define industry-specific sub categories and assist the application to practical cases; and 

for related concepts (also commonly named as antecedents), are concepts which found to 

be significantly related to CPV, but seen as own independent constructs, like customer 

satisfaction or loyalty. While, in the industry-specific framework, adjustments were 

performed based on the nature of the energy market. For instance, suppliers’ viewpoint 

properties were considered to better capture the supplier-oriented energy industry; without 

competition was selected under the element of competition due to the specific reviewed 

case study in a natural monopoly; urban/rural location and ex-ante transactions were 

considered as the situational and time context for the discussion of CPV. Finally, for 

dimensionality, this study adopted the sustainable development approach, which have been 

identified as most general, and broadly applied approach in previous discussions within 

the literature review, as basis in constructing key dimensions in reviewing CPV. Besides, 

the technical dimension was introduced to the existing three-dimensional sustainable 
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development approach in consideration of the characteristics of high dependence on 

technology within the energy industry (e.g. reliability, outages, etc.).  

In Chapter 3, determinants of CPV for electricity products and services were identified 

and the proposed industry-specific interdisciplinary framework is then implied in a case 

study in New Brunswick, Canada, in order to understand how customers’ perceive value 

of electricity as a product or service seen from the perspective of a supplier. Utilizing the 

latest research outcomes from the marketing discipline, willingness to pay (WTP) for 

electricity products and services was estimated based on annual electricity consumption, 

price elasticity and electricity unit price and adopted as an proxy of CPV for electricity 

products and services, testing the casual relationships between CPV for electricity products 

and services, i.e. WTP for electricity products and services, and determinants in the four 

dimensions (technological, economic, social and environmental dimensions). Assessments 

were conducted in two groups: i) urban in comparison with rural customers and ii) 

residential in comparison with industrial customers; and in each assessment group, five or 

six regression models were constructed to test the impacts of determinants. First, in the 

group of urban and rural customers, it was reported that economic determinants were the 

important determinants in affecting WTP for electricity products and service, following 

those in social and environmental and lastly technological dimension. Among all 

determinants analyzed, the average electricity price was found to be the statistically 

significant determinant with a coefficient of 0.904 with an increase in the average 

electricity price by 1 CAD dollar resulting in an increase of WTP of urban and rural 

customers by 0.904%. While, in regard to residential and industrial customers, the 

economic determinant average household income was also found to be a contributing 
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factor with an increase in a dollar of household income leading to an 1.00% increase in 

WTP for electricity products and services. Yet, in the results of the residential and 

industrial customer segments, instead of being highly dominated by economic factors as 

in the previous analysis of urban and rural customers, a social factor, number of customer 

(lncustomer), were found to play an important role in lowering the WTP by 0.219% per an 

increase of one thousand customers. Another interesting finding noted was the negative 

impacts of average temperature with a coefficient of -0.059, which possibly indicated that 

in New Brunswick, the major demand for electricity was during the long and cold winters 

and used for heating. Consequently, a lower temperature was resulting in a higher WTP 

for electricity products and services for both residential and industrial users. 

The research contributes to academic discussion through: 1) adding to theory by 

introducing a unified and general conceptual framework of CPV grounding upon CPV-

related theories and approaches analyzing, synthesizing and harmonizing links across 

academic disciplines, 2) deriving an energy-specific model based on the sustainable 

development approach to investigate changes in the customer value creation process under 

the energy sector transformation as a result of renewable generation integration, market 

liberation and introduction of customer-oriented products and services, and 3) developing 

a first quantification methodology based on hedonic pricing method, identifying 

determinants in technical, economic, social and environmental dimensions with 

willingness to pay (WTP) as proxy for CPV from the supplier’s perspective, demonstrating 

its application and viability in an empirical study for the electric energy sector of New 

Brunswick.  
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Moving to the next sections, a discussion based on the study findings will be presented, 

followed by limitations, as well as implications to future marketing strategies and future 

studies. 

 

5.2 Discussion  

As mentioned in the introductory chapter (see Section 1.2), the primary objective of this 

study is to explore the way how a newly-introduced marketing concept, i.e. concept of 

customers’ perceived value (CPV), assists electricity utilities in coping the current 

problems caused by the outdated traditional business models and transforming markets. 

And in regard to this grand question, two sets of sub-research questions, hypotheses and 

tasks were designed, performed and presented in Chapter 2, Chapter 3 and Chapter 4, 

respectively.  

In addressing the first sub-question, which is “what are factors determining CPV 

towards market products or services?”, the hypothesis (H1) “customers’ perceived value 

(CPV) towards market products or services is systematic, comprehensive, inter-

disciplinary in nature which is determined by economic, social, technical and 

environmental dimensions” were made and proved to be adequate based on the 

comprehensive and systemic literature review discussed and illustrated in Chapter 2. It 

clearly states the uni-dimensional approaches failed, shifting the discussion to multi-

dimensional elements showing that for electrical energy, not only socio-economic 

dimensions, but also technical and environmental dimensions are important. This was 

further confirmed in the empirical study of this research. In addition to the review of 
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previous work, this study also proposed an interdisciplinary conceptual framework to 

promote interdisciplinary discussions and combine knowledge of various disciplines. 

While, for the second sub-question, “how can CPV be applied to energy products and 

services?”, the hypothesis (H2) “Factors in social, technical, economic and environmental 

dimensions affect customers’ perceived value (CPV) towards energy products or services 

in various direction and magnitudes; and the net effects could only be understood through 

a quantification approach that helps to rank the relevance of determinants, where economic 

aspects are the most relevant” was made and tested with the case of NB Power in New 

Brunswick, Canada. And with the comprehensive quantitative analyses conducted with 

high-quality and regulated public and private data, the results from the two assessment 

groups, i.e. i) urban and rural customer segments and ii) residential and industrial segments 

showed that all four dimensions were statistically significant and several determinants are 

higher ranked than others with economic aspects leading for both customer segments 

influencing the willingness to pay for electricity of the customers; and it is believed that 

H2 was suggested to be applicable to the case study.  

One of the major findings from this study, suggested by the statistical results, is the 

importance of a multidimensional model required to capture the comprehensive 

phenomena of customer value perception, encompassing economic, social, technical and 

environmental aspects. In addition, the results recommend the significance of the variation 

among assessment groups in the impacts of determinants. For example, social determinants 

play a much more important role in determining CPV for electricity within the urban and 

rural customers assessment group than within the residential and industrial customers 

assessment group, although economic determinants were found to be the most crucial 
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determinants for both. For urban and rural customers, economic determinants were the 

most important determinants of CPV for electricity followed by environmental, social and 

technological factors. For residential and industrial consumers, the order of importance 

was as follows: economic, social, environmental and technical. 

While some of the results were expected, like the strong relevance of the economic 

dimension in a province with a not very strong economy, other results were quite 

surprising. For example, some of the results indicated that urban and rural customers have 

a higher focus on the social dimension. Therefore, products and services that address social 

components, such as community participation, social responsibility or recognition, might 

increase the overall customer value perception for urban and rural customers (e.g. social 

energy tariffs, community owned renewable projects, municipalization). Another 

interesting finding is the relevance of the environmental dimension, such as temperature. 

Through considering the average annual temperature (e.g. with previous years), customers 

can be informed and educated about the required amount of electricity (e.g. colder winter), 

resulting in an increase of their total willingness to pay and consequently in an increase of 

their value perception. However, the key consideration for each supplier (in this case 

electrical utility) should be a comprehensive attention on all relevant dimensions that affect 

the perceived value of customers. The additional transparency provided though this study 

will help to balance investments to strengthen product and service development, as well as 

marketing activities, within the limited available resources. 

 



Chapter 5 

105 

 

5.3 Limitation 

Yet, the generalizability of the results in this study might be subject to several 

limitations in relation to data coverage and availability. First, in regard to the data coverage 

for the empirical study, it is noted that the electricity utility analyzed in this study was a 

vertically integrated monopolistic utility, which provides better incentives to adopt a 

customer-oriented business model to maximize its CPV or WTP throughout the entire 

market chain. However, this argument might not be fully compatible for places with 

liberalized electricity markets or unbundled utilities with separate organizations for 

electricity generation, transmission and distribution. In other words, the impacts of 

incorporating the concept CPV into their business models might differ. 

In addition to the data coverage, this study was also limited by the absence of actual 

CPV data. Though a proved related indicator WTP was utilized as a proxy for CPV for the 

purpose of estimation, it is still unknown if the impacts of determinants on CPV will be 

exactly the same with WTP. Finally, due to the concern of customer privacy and effort for 

data collection, the acquired private corporate data contains only first and second-level 

data without any individual level data on customers like gender composition, household 

size and income level; accordingly, it also puts obstacles from having a deeper 

understanding of impacts on CPV for individual-level determinants. 

 

5.4 Implication to future marketing strategies and future study 

This study explores the potentials of using the concept of CPV of electricity in coping 

with new reality due to liberalization of electricity markets, technological innovations, 
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adaptation of renewable energy resources and an increasing environmental awareness. 

Neglecting to use latest research outcomes will lead to the result that electric utilities are 

overtaken by new and dynamic competitors (especially through market liberalization, but 

also through technology providers for small-size distributed generation and storage), 

decreasing revenues in comparison with expenses required to operate the electrical 

infrastructure and market failure. 

By exploring the causal relationship between CPV for electricity products and services 

and determinants in four key dimensions (technical, economic, social and environmental 

dimension), the study results assist electricity utilities in formulating better marketing 

strategies, and business models to produce electricity products and services with higher 

CPV, in addition the results help to enhance the academic discussions related to the concept 

of CPV.  

 

First, regarding the electricity utility, the finding in this study would help in better 

shifting the existing conventional models into a more customer-centric one, so as to gain 

its competitiveness in the current intensive and dynamic market. The findings also serve 

as basis for developing a comprehensive approach in product and service development, 

that covers all essential dimensions with specific attention on economic determinants. 

Third, the empirical finding could also assist the utility in devising marketing strategies 

and business models. Besides, the constructed prediction model that could also help to 

forecast success or failure of new products and services and therefore the overall success 

of the performance of the electric utilities. Consequently, it is believed there is significant 

interest in this research, by leveraging latest research outcomes from academic disciplines 
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like marketing and applying them to a current increasing problem within the energy 

industry.  

Moving to the contribution to future study, it is believed that the result of this study lay 

the groundwork for future research. In particular for the interdisciplinary framework 

constructed, it will foster theoretical grounding and application of theoretical concepts, 

develop comprehensive and multi-dimensional frameworks for CPV and establish a 

common language among scholars. Besides, with the conceptual framework, the 

groundwork for future research was established to be revised and implied for the use in 

other industries or even facilitate the more objective and systematic comparison of existing 

and future studies related to CPV. While, future research could also assess and compare 

the presented results with stated preferences approach, e.g. survey method, increase data 

quality, develop longer time series data in addition to improving other data features.  
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Appendix A: Detailed data description 

Urban and rural customers 

Dependent Variables 

Title: Total Willingness to Pay 

STATA id: lnwtp 

Description: How much a customer is willing to pay for one unit of energy 

Data Source: 

Electricity consumption: data was provided by provincial electric utility NB 
Power. 
Price elasticity: data was presented by Ryan and Razek 2012. 
Electricity prices: data was provided by provincial electric utility NB Power. 

Estimation: 
WTP was calculated by electricity consumption, price elasticity and electricity 
prices using the approach introduced by Choynowski (2002). 

Timeline: 

Electricity consumption: data from 2000 to 2013, data from 1991 to 1999 was 
generated based on mean and standard deviation. 
Price elasticity: Static value from 1991 to 2013 
Electricity prices: data from 1991 to 2013 

Application: Different values were applied for rural and urban segments 

 

Independent Variables (Technical) 

Title: Safety (# of incidents) 

STATA id: lnsafety 

Description: 
A measure for the number of all safety incidents (incl. first aids, medical aids, 
near miss, property/equipment damage and disabling) within the electric 
utility. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: Data was generated based on mean and standard deviation 

Timeline: 
Data from 2007 to 2016 (provided) 
Data from 1991 to 2006 (generated) 

Application: Same value was applied for rural and urban segments 

 

Title: Reliability (SAIDI) 

STATA id: lnsaidi 

Description: A measure for average system interruption duration index. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: 
Following approach was used: 
SAIDIt (SAIFIt) = a0 + a1 * trendt + et 



Appendix 

118 

 

where t is year; a0,a1 are coefficients; trend is linear time trend for the period 
1991-2003; e is stochastic component generated randomly in standard 
deviation of the existing data of SAIDI and SAIFI for 2004-2013. 

Timeline: 
Data from 2003 to 2013 (provided) 
Data from 1991 to 2003 (generated) 

Application: Same value was applied for rural and urban segments 

 

Title: Unit cost of electricity 

STATA id: lnucreal 

Description: A measure for average cost to generate one unit of electricity 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: 

Following approach was used: 
Unit Cost = “Total Energy Production & Supply, in GWh” / “Total Fuel and 
Purchased Power Expenses, $ millions”. Unit cost is measured in cents per 
kWh. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for rural and urban segments 

 

Title: Load factor 

STATA id: lf 

Description: 
Average load divided by peak load in a specific given time period (per year). 
A measure of variability of consumption / generation. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: No estimation required 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for rural and urban segments 

 

Independent Variables (Economic) 

Title: Personal income 

STATA id: lnincreal 

Description: Measure for personal household income. 

Data Source: 
Data provided by report: “The rural-urban income gap within provinces: An 
update to 2000” for the period 1980-2000. 

Estimation: 

Following approach was used: 
Inpercapt = a0 + a1 * trendt + et ( 
inpercapt = 12764 + 251 * trendt + et – rural,  
inpercapt = 15890 + 204 * trendt + et – urban),  
where t is year; a0,a1 are coefficients; trend is linear time trend for the period 
2001-2013; e is stochastic component generated randomly in standard 
deviation of the existing data for 1980-2000. The generating process fits 
because personal income has (usually) an upward trend. 

Timeline: 
Data from 1991 to 2000 (provided) 
Data from 2001 to 2013 (generated) 

Application: Different values were applied for rural and urban segments 

 

Title: Price of electricity 



Appendix 

119 

 

STATA id: lnepreal 

Description: 
A measure for the average price of electricity per unit of electricity. The real 
price considers inflation and was therefore estimated. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: 
Following approach was used from 1991 till 2013 to estimate real dollar 
values, e.g. 2000: 
Average EP (real, 2000) : EP(real, 2000) = EP (actual) / CPI2000  

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for rural and urban segments 

 

Title: Regional GDP (macro, common) 

STATA id: lnrgdppc 

Description: A measure for actual GDP for the province of New Brunswick. 

Data Source: Data was obtained by Statistics Canada (Table 384-0037). 

Estimation: No estimation required 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for rural and urban segments 

 

Title: Unemployment (macro, common) 

STATA id: ur 

Description: A measure for unemployment rate for the province of New Brunswick. 

Data Source: Data was obtained by Statistics Canada (Table 282-0086). 

Estimation: No estimation required 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for rural and urban segments 

 

Title: Inflation (macro, common) 

STATA id: cpi 

Description: A measure for inflation rate for the province of New Brunswick. 

Data Source: CPI (19991-2013) data was obtained by Statistics Canada (326-0021). 

Estimation: 
Following approach was used, e.g. 2000: 
CPI (2000) = CPI (2000) t / CPI (2007). 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for rural and urban segments 

 

Independent Variables (Social) 

Title: Housing type 

STATA id: lnhouse 

Description: Measure  

Data Source: 
Data was provided by provincial electric utility NB Power. Same proportion 
was used for entire time period. 

Estimation: 

Following approach was used: 
Based on residential segmentation information customers were separated 
between house owners and non-house owners. The proportions of urban and 
rural customers are 43% and 57%. However the data is not very reliable and 
the variable was eliminated throughout the estimation procedure. 
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Timeline: Data from 1991 to 2000 (provided) 

Application: Different values were applied for rural and urban segments 

 

Title: Party affiliation (New Brunswick Liberal Association) 

STATA id: lib 

Description: 
Measure for people’s preferences for three political parties (Liberal, 
Conservative, and New Democratic Party).  

Data Source: Data was obtained by provincial election results. 

Estimation: 

Following districts were selected as representatives: 
- rural area: Albert, Victoria - Tobique, Nigadoo - Chaleur, Sunbury, 
Tantramar; 
- urban area: Bathurst, Caraquet, Edmundston, Fredericton, Miramichi, 
Moncton, Riverview, Saint John Harbour, Saint John Fundy, Tracadie - 
Sheila. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Different values were applied for rural and urban segments 

 

Title: Party affiliation (Progressive Conservative Party of New Brunswick) 

STATA id: pc 

Description: 
Measure for people’s preferences for three political parties (Liberal, 
Conservative, and New Democratic Party).  

Data Source: Data was obtained by provincial election results. 

Estimation: 

Following districts were selected as representatives: 
- rural area: Albert, Victoria - Tobique, Nigadoo - Chaleur, Sunbury, 
Tantramar; 
- urban area: Bathurst, Caraquet, Edmundston, Fredericton, Miramichi, 
Moncton, Riverview, Saint John Harbour, Saint John Fundy, Tracadie - 
Sheila. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Different values were applied for rural and urban segments 

 

Title: Party affiliation (New Brunswick New Democratic Party) 

STATA id: ndp 

Description: 
Measure for people’s preferences for three political parties (Liberal, 
Conservative, and New Democratic Party).  

Data Source: Data was obtained by provincial election results. 

Estimation: 

Following districts were selected as representatives: 
- rural area: Albert, Victoria - Tobique, Nigadoo - Chaleur, Sunbury, 
Tantramar; 
- urban area: Bathurst, Caraquet, Edmundston, Fredericton, Miramichi, 
Moncton, Riverview, Saint John Harbour, Saint John Fundy, Tracadie - 
Sheila. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Different values were applied for rural and urban segments 

 

Title: Population in NB 

STATA id: lnpop 
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Description: Measure for population in the province of New Brunswick. 

Data Source: Data was obtained by Statistics Canada (Table 051-0005). 

Estimation: No estimation required. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for rural and urban segments 

 

Title: # of residential customers 

STATA id: lncustomer 

Description: Measure for number of residential customers of NB Power. 

Data Source: Data was obtained by annual report of electric utility NB Power. 

Estimation: No estimation required. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for rural and urban segments 

 

Title: Total customers 

STATA id: lntc 

Description: Measure for number of total customers of NB Power. 

Data Source: Data was obtained by annual report of electric utility NB Power. 

Estimation: No estimation required. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for rural and urban segments 

 

Independent Variables (Environmental) 

Title: Emissions of SO2 

STATA id: lneso2 

Description: 
Measure for emissions of Sulfur dioxide (chemical compound) created by 
generation fleet of NB Power. According to location information of existing 
generation plants the amount of emissions was split in rural and urban areas. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: 
Following generation assets were selected as representatives: 
- rural area: Belledune Generating Station and Millbank Generating Station; 
- urban area: Coleson Cove Generating Station. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Different values were applied for rural and urban segments 

 

Title: Emissions of NO2 

STATA id: lneno2 

Description: 
Measure for emissions of nitrogen dioxide (chemical compound) created by 
generation fleet of NB Power. According to location information of existing 
generation plants the amount of emissions was split in rural and urban areas. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: 
Following generation assets were selected as representatives: 
- rural area: Belledune Generating Station and Millbank Generating Station; 
- urban area: Coleson Cove Generating Station. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Different values were applied for rural and urban segments 
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Title: Emissions of CO2 

STATA id: lneco2 

Description: 
Measure for emissions of Carbon dioxide (chemical compound) created by 
generation fleet of NB Power. According to location information of existing 
generation plants the amount of emissions was split in rural and urban areas. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: 
Following generation assets were selected as representatives: 
- rural area: Belledune Generating Station and Millbank Generating Station; 
- urban area: Coleson Cove Generating Station. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Different values were applied for rural and urban segments 

 

Title: Temperature 

STATA id: lnt 

Description: 
Measure for annual average air temperature in the province of New 
Brunswick. 

Data Source: Data was obtained by Environment and Natural Resources of Canada. 

Estimation: No further estimation required. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for rural and urban segments 
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Residential and industrial customers 

Dependent Variables 

Title: Total Willingness to Pay 

STATA id: lnwtp 

Description: How much a customer is willing to pay for one unit of energy 

Data Source: 

Electricity consumption (residential / industrial): data was provided by 
provincial electric utility NB Power. 
Price elasticity (residential / industrial): data was presented by Ryan and 
Razek 2012. 
Electricity prices (residential / industrial): data was provided by provincial 
electric utility NB Power. 

Estimation: 
WTP was calculated by electricity consumption, price elasticity and electricity 
prices using the approach introduced by Choynowski (2002). 

Timeline: 

Electricity consumption: data from 2000 to 2013, data from 1991 to 1999 was 
generated based on mean and standard deviation. 
Price elasticity: Static value from 1991 to 2013 
Electricity prices: data from 1991 to 2013 

Application: Different values were applied for residential and industrial segments 

 

Independent Variables (Technical) 

Title: Safety (# of incidents) 

STATA id: lnsafety 

Description: 
A measure for the number of all safety incidents (incl. first aids, medical aids, 
near miss, property/equipment damage and disabling) within the electric 
utility. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: Data was generated based on mean and standard deviation 

Timeline: 
Data from 2007 to 2016 (provided) 
Data from 1991 to 2006 (generated) 

Application: Same value was applied for residential and industrial segments 

 

Title: Reliability (SAIDI) 

STATA id: lnsaidi 

Description: A measure for average system interruption duration index. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: 

Following approach was used: 
SAIDIt (SAIFIt) = a0 + a1 * trendt + et 

where t is year; a0,a1 are coefficients; trend is linear time trend for the period 
1991-2003; e is stochastic component generated randomly in standard 
deviation of the existing data of SAIDI and SAIFI for 2004-2013. 

Timeline: 
Data from 2003 to 2013 (provided) 
Data from 1991 to 2003 (generated) 

Application: Same value was applied for residential and industrial segments 
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Title: Unit cost of electricity 

STATA id: lnucreal 

Description: A measure for average cost to generate one unit of electricity 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: 

Following approach was used: 
Unit Cost = “Total Energy Production & Supply, in GWh” / “Total Fuel and 
Purchased Power Expenses, $ millions”. Unit cost is measured in cents per 
kWh. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for residential and industrial segments 

 

Title: Load factor 

STATA id: lf 

Description: 
Average load divided by peak load in a specific given time period (per year). 
A measure of variability of consumption / generation. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: No estimation required 

Timeline: Data from 1991 to 2013 (provided) 

Application: Different values were applied for residential and industrial segments 

 

Independent Variables (Economic) 

Title: (Personal) income 

STATA id: lnincreal 

Description: 
Measure for personal household income (residential) and revenue of 
corporations (industrial). 

Data Source: 

Residential: 
Data provided by report: “The rural-urban income gap within provinces: An 
update to 2000” for the period 1980-2000. 
Industrial: 
Average of revenue of 4 largest corporations in New Brunswick was used, 
based on their annual plans. 

Estimation: 

Following approach was used for residential: 
Inpercapt = a0 + a1 * trendt + et ( 
inpercapt = 12764 + 251 * trendt + et – rural,  
inpercapt = 15890 + 204 * trendt + et – urban),  
where t is year; a0,a1 are coefficients; trend is linear time trend for the period 
2001-2013; e is stochastic component generated randomly in standard 
deviation of the existing data for 1980-2000. The generating process fits 
because personal income has (usually) an upward trend. 
Following approach was used for industrial: 

 

Timeline: 

Residential: 
Data from 1991 to 2000 (provided) 
Data from 2001 to 2013 (generated) 
Industrial: 
 

Application: Different values were applied for residential and industrial segments 
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Title: Price of electricity 

STATA id: lnepreal 

Description: A measure for the average price of electricity per unit of electricity. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: 
Following approach was used from 1991 till 2013 to estimate real dollar 
values, e.g. 2000: 
Average EP (real, 2000) : EP(real, 2000) = EP (actual) / CPI2000 

Timeline: Data from 1991 to 2013 (provided) 

Application: Different values were applied for residential and industrial segments 

 

Title: Regional GDP (macro, common) 

STATA id: lnrgdpcc 

Description: A measure for actual GDP for the province of New Brunswick. 

Data Source: Data was obtained by Statistics Canada (Table 384-0037). 

Estimation: No estimation required 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for residential and industrial segments 

 

Title: Unemployment (macro, common) 

Description: A measure for unemployment rate for the province of New Brunswick. 

Data Source: Data was obtained by Statistics Canada (Table 282-0086). 

Estimation: No estimation required 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for residential and industrial segments 

 

Title: Inflation (macro, common) 

STATA id: cpi 

Description: A measure for inflation rate for the province of New Brunswick. 

Data Source: CPI (2007) data was obtained by Statistics Canada (326-0021). 

Estimation: 
Following approach was used, e.g. 2000: 
CPI (2000) = CPI (2000) t / CPI (2007). 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for residential and industrial segments 

 

Independent Variables (Social) 

Title: Population in NB 

STATA id: lnpop 

Description: Measure for population in the province of New Brunswick. 

Data Source: Data was obtained by Statistics Canada (Table 051-0005). 

Estimation: No estimation required. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for residential and industrial segments 

 

Title: # of customers 
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STATA id: lncustomers 

Description: Measure for number of residential and industrial customers of NB Power. 

Data Source: Data was provided by provincial electric utility NB Power.  

Estimation: No estimation required. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Different values were applied for residential and industrial segments 

 

Title: Total customers 

STATA id: lntc 

Description: Measure for number of total customers of NB Power. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: No estimation required. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for residential and industrial segments 

 

Independent Variables (Environmental) 

Title: Emissions of SO2 

STATA id: lneso2 

Description: 
Measure for emissions of Sulfur dioxide (chemical compound) created by 
generation fleet of NB Power. According to location information of existing 
generation plants the amount of emissions was split in rural and urban areas. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: 
Following generation assets were selected as representatives: 
- rural area: Belledune Generating Station and Millbank Generating Station; 
- urban area: Coleson Cove Generating Station. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Different values were applied for residential and industrial segments 

 

Title: Emissions of NO2 

STATA id: lneno2 

Description: Measure for emissions of nitrogen dioxide (chemical compound) created by 
generation fleet of NB Power. According to location information of existing 
generation plants the amount of emissions was split in rural and urban areas. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: Following generation assets were selected as representatives: 
- rural area: Belledune Generating Station and Millbank Generating Station; 
- urban area: Coleson Cove Generating Station. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Different values were applied for rural and urban segments 

Title: Emissions of CO2 

STATA id: Lneco2 

Description: 
Measure for emissions of Carbon dioxide (chemical compound) created by 
generation fleet of NB Power. According to location information of existing 
generation plants the amount of emissions was split in rural and urban areas. 

Data Source: Data was provided by provincial electric utility NB Power. 

Estimation: 
Following generation assets were selected as representatives: 
- rural area: Belledune Generating Station and Millbank Generating Station; 
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- urban area: Coleson Cove Generating Station. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Different values were applied for residential and industrial segments 

 

Title: Temperature 

STATA id: lnt 

Description: 
Measure for annual average air temperature in the province of New 
Brunswick. 

Data Source: Data was obtained by Environment and Natural Resources of Canada. 

Estimation: No further estimation required. 

Timeline: Data from 1991 to 2013 (provided) 

Application: Same value was applied for residential and industrial segments 
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Appendix B: Intermediate steps and results 

Urban and rural customers 

Based on the methodology tested, the first estimation result will be presented below. In 

order to consider the time effect in the panel data analysis, a trend variable was generated 

and included: 

 

Regressed against WTP. Sample: 1991 – 2013. Total observations: 23 x 2 = 46. 

Variable in STATA 

(variable) 
Coefficient 

Robust  

Std. Err. 
t-statistic p-value 

lnincreal 

(income per capita, real) 

.2226246 .0737642 3.02 .003 

lnepreal 

(average electricity price, real) 

.9528472 .0002592 3675.73 .000 

lib 

(liberal party affiliation) 

.0005065 .000189 2.68 .007 

safety 

(# of incidents during a year) 

-.0033429 .0031297 -1.07 .285 

lnt 

(average annual temperature in 

NB) 

-.0437692 .0103664 -4.22 .000 

trend  
.0181198 .0011206 16.17 .000 

lneco2 

(emissions of CO2) 

-.0060383 .0010834 -5.57 .000 

_cons 
-1.563138 .7216976 -2.17 .030 

R-squared  0.9985 

Table 21: First regression results (urban vs. rural) 

 

According to the presented methodology, the first regression covers variables from the 

discussed aspects (technical, social, environmental and economic). The ‘safety’, 
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‘temperature’, and ‘CO2 emissions’ variables have a negative sign of the coefficient. These 

are solid and logical conclusions, e.g. a negative coefficient on ‘safety’ means that an 

increase in the number of incidents by 1% – which means that the whole electricity system 

becomes less reliable and safe – leads to a decrease in total willingness to pay by approx. 

0.0033%. However, the ‘safety’ variable has a high p-value and tends to be more 

insignificant compared with other variables. As a next step, the ‘unemployment rate’ 

variable is added to the regression in order to cover the macroeconomic aspect of the 

methodology.  

Regressed against WTP. Sample: 1991 – 2013. Total observations: 23 x 2 = 46. 

Variable in STATA 

(variable) 
Coefficient 

Robust  

Std. Err. 
t-statistic p-value 

lnincreal 

(income per capita, real) 

.2230549 .0735337 3.03 .002 

lnepreal 

(average electricity price, real) 

.9588538 .0006551 1463.68 .000 

lib 

(liberal party affiliation) 

.0004291 .0001912 2.24 .025 

safety 

(# of incidents during a year) 

-.0013353 .0033615 -.40 .691 

lnt 

(average annual temperature in 

NB) 

-.044998 .0105072 -4.28 .000 

trend  
.0177618 .0011726 15.15 .000 

lneco2 

(emissions of CO2) 

-.0060361 .0010791 -5.59 .000 

ur 

(unemployment rate in NB) 

-.0011165 . 0001884 -5.93 .000 

_cons 
-1.570524 .7197018 -2.18 .029 

R-squared  0.9985 

Table 22: Second regression results (urban vs. rural) 
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The sings on coefficients are the same as in the previous result. The newly introduced 

‘unemployment rate’ variable has a negative sign: higher unemployment rate leads to a 

decrease of consumers’ willingness to pay. However, the ‘safety’ variable becomes even 

more insignificant compared with our previous result. The next step is to introduce 

different social variable into the model, e.g. pc or gender – number of males/females in 

rural/urban areas. For this purpose, a proxy is used, namely the number of males/females 

in Moncton+Fredericton (urban) and Albert+Sunbury (rural). It means that the regression 

has two additional social variables. Before proceeding with estimations, the correlation 

matrix should be built based on the using variables and new ones.  
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Table 23: Correlation matrix – across groups (social variables added) 

 

From this matrix, it can be concluded that ‘lnfemales’ and ‘lnmales’ are almost perfectly 

correlated, which shouldn’t be a surprise and shouldn’t be used in the regression model 

together. Surprisingly, ‘emissions of CO2’ is also almost perfectly correlated with 

‘lnfemales’ and ‘lnmales’. This fact means that ‘emissions of CO2’ contains more than 

95% (see correlation coefficient) of information included in ‘lnfemales’ and ‘lnmales’. 

Alternatively, we can use the ‘emissions of SO2’ variable with ‘ur’, and ‘lnfemale’. 

Moreover, different regressions are calculated with different permutations, e.g. with male 

vs. female, liberal vs. conservative, emissions CO2 vs. emissions SO2. The result of the 

estimation with ‘lnfemale’ is shown below. 
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Regressed against WTP. Sample: 1991 – 2013. Total observations: 23 x 2 = 46. 

Variable in STATA 

(variable) 
Coefficient 

Robust  

Std. Err. 
t-statistic p-value 

lnincreal 

(income per capita, real) 

.1980074 .0842735 2.35 .019 

lnepreal 

(average electricity price, real) 

.9532326 .002116 450.49 .000 

lib 

(liberal party affiliation) 

.0004117 .0001784 2.31 .021 

safety 

(# of incidents during a year) 

-.0034793 .0048447 -0.72 .473 

lnt 

(average annual temperature in 

NB) 

-.0448402 .0095559 -4.69 .000 

trend  
.0181394 .0013153 13.79 .000 

lneso2 

(emissions of CO2) 

-.0054415 .0009135 -5.96 .000 

ur 

(unemployment rate in NB) 

-.009403 .0002917 -3.22 .001 

lnfemale 

(female gender) 
.0093972 .0034537 2.72 .007 

_cons 
-1.409918 .79987 -1.76 .078 

R-squared  0.9985 

Table 24: Third regression results (urban vs. rural) 

 

This permutation was selected, due to its coefficients and significance of variables. 

Including the ‘female’ variable did not change any sign of coefficients. The coefficient on 

the ‘female’ variable is positive. Also, the variable is significant at 1% level of significance 

based on the p-value. In the next step the lagged variable of the dependent variable is 

included in the model, in order to test for the deterministic trend. The result is presented 

below. 
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Regressed against WTP. Sample: 1991 – 2013. Total observations: 23 x 2 = 46. 

Variable in STATA 

(variable) 
Coefficient 

Robust  

Std. Err. 
t-statistic p-value 

lnincreal 

(income per capita, real) 

.0956616 .0165302 5.79 .000 

lnepreal 

(average electricity price, real) 

.9040296 .0204587 44.19 .000 

lib 

(liberal party affiliation) 

.0003188 .0001536 2.08 .038 

safety 

(# of incidents during a year) 

.0092835 .0044399 2.09 .037 

lnt 

(average annual temperature in 

NB) 

-.0491849 .0052106 -9.44 .000 

trend  
.0189401 .0003384 55.96 .000 

lneso2 

(emissions of CO2) 

-.0035088 .0013132 -2.67 .008 

ur 

(unemployment rate in NB) 

-.0018938 .0003126 -6.06 .000 

lnfemale 

(female gender) 
.0379276 .0097271 3.90 .000 

lag1 .0385885 .0064685 5.97 .000 

_cons 
-.8030324 .2665523 -3.01 .003 

R-squared  0.9985 

Table 25: Fourth regression results (urban vs. rural) 

 

Based on the last result, we can conclude that all variables are statistically significant. 

Adding the lag variable changed the sign on the ‘safety’ variable, which implies that the 

‘safety’ variable came from the demand side of the electricity market. Other than that, the 

sings are the same compared with the previous estimations. In order to crosscheck the 

results, the next regression will include the lag variable and at the same time exclude the 
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trend variable in order to test statistical trend in comparison with deterministic trend. The 

result is presented below. 

 

Regressed against WTP. Sample: 1991 – 2013. Total observations: 23 x 2 = 46. 

Variable in STATA 

(variable) 
Coefficient 

Robust  

Std. Err. 
t-statistic p-value 

lnincreal 

(income per capita, real) 

.8825394 .1394937 6.33 .000 

lnepreal 

(average electricity price, real) 

1.214033 .0063578 190.95 .000 

lib 

(liberal party affiliation) 

-.0003466 .0004844 -0.72 .474 

safety 

(# of incidents during a year) 

.1128299 .0160016 7.05 .000 

lnt 

(average annual temperature in 

NB) 

-.047633 .0032726 -14.56 .000 

lneso2 

(emissions of CO2) 

-.0039241 .0067771 -0.58 .563 

ur 

(unemployment rate in NB) 

-.0151081 .0010177 -14.85 .000 

lnfemale 

(female gender) 
-.0778406 .0831824 -0.94 .349 

lag1 .0583561 .0123384 4.73 .000 

_cons 
-8.272844 .3593917 -23.02 .000 

R-squared  0.9939 

Table 26: Fifth regression results (urban vs. rural) 

 

The result shows that the ‘lib’, ‘eco2’, and ‘lnfemale’ variables are insignificant. 

Moreover, excluding the ‘trend’ variable has changed sings of the coefficients on ‘lib’ and 

‘female’ variables. Based on these observations mentioned above, it can be concluded that 
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the result using the independent trend variable is the most robust and in accordance to the 

presented methodology (fourth regression). It includes the representatives from each 

group: economic, social, environmental, and technical. 

 

Residential and industrial customers 

In order to enable a better comparison, the first regression uses analog to scenario 1 the 

same set of variables. However, the ‘liberal party affiliation’ is not applicable to industrial 

customers and was replaced therefore with the ‘number of residential and industrial 

customers’ variable. In addition, the trend and lag variable were added due to the learning 

from scenario 1. The first estimation result is presented below: 

 

Regressed against WTP. Sample: 1991 – 2013. Total observations: 23 x 2 = 46. 

Variable in STATA 

(variable) 
Coefficient 

Robust  

Std. Err. 
t-statistic p-value 

lnincreal 

(income per capita, real) 

.0699785 .0368432 1.90 .058 

lnepreal 

(average electricity price, real) 

1.001436 .0646575 15.49 .000 

safety 

(# of incidents during a year) 

.0153102 .0220533 .69 .488 

lncustomer  

(# of residential and industrial 

customers in NB Power) 

-.2192772 .0478168 -4.59 .000 

lnt 

(average annual temperature in 

NB) 

-.0590869 .0102867 -5.74 .000 

trend  
.0207469 .0012325 16.83 .000 

lag1  
-.0430347 .0036681 -11.73 .000 
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lneco2 

(emissions of CO2) 

-.0558811 .0240007 -2.33 .020 

ur 

(unemployment rate in NB) 

-.0024175 .004457 -0.54 .588 

_cons 
3.000939 .6101038 4.92 .000 

R-squared  0.9998 

Table 27: First regression results (residential vs. industrial) 

 

The ‘number of customers’, ‘temperature’, ‘CO2 emissions’ and ‘unemployment rate’ 

variables have a negative sign of the coefficient. These are solid and logical conclusions, 

e.g. a higher unemployment rate leads to a decrease of customers’ willingness to pay. In 

New Brunswick, winters can be long and cold, resulting in higher energy consumption, 

therefore higher temperatures will also result in a decrease of customers’ willingness to 

pay. The same logic can be applied to CO2 emissions and number of customers, where 

infrastructure cost can be divided over more customers, resulting in lower costs for the 

individual. Another indicator of the robust result is the ‘income’ variable. It shows that 1% 

increase in customers’ income causes an increase of WTP by around 0.07%. This 

conclusion is also logical. However, the ‘unemployment rate’ and ‘safety’ variables seem 

to be insignificant, with a p-value of .588 and .488. In this scenario, the social variable is 

the number of residential and industrial customers. While the social aspect is an important 

vector group within the first scenario, this aspect can be excluded in the second scenario, 

because social variables do not tend to be relevant for industries. This leads to the second 

regression result shown below.  
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Regressed against WTP. Sample: 1991 – 2013. Total observations: 23 x 2 = 46. 

Variable in STATA 

(variable) 
Coefficient 

Robust  

Std. Err. 
t-statistic p-value 

lnincreal 

(income per capita, real) 

.2370319 .0081223 29.18 .000 

lnepreal 

(average electricity price, real) 

.800156 .0415226 19.27 .000 

safety 

(# of incidents during a year) 

-.014974 .013727 -1.09 .275 

lnt 

(average annual temperature in 

NB) 

-.0875418 .0371486 -2.36 .018 

trend  
.0217717 .0016393 13.28 .000 

lag1  
-.0429439 .0119556 -3.59 .000 

lneco2 

(emissions of CO2) 

-.1164897 .0438991 -2.65 .008 

ur 

(unemployment rate in NB) 

.0056071 .0020398 2.75 .006 

_cons 
-.4337115 .3086098 -1.41 .160 

R-squared  0.9998 

Table 28: Second regression results (residential vs. industrial) 

 

Based on the result above, the ‘unemployment rate’ variable is significant at 1%, 

whereas the ‘safety’ variable is still insignificant with a lower p-value of .275. Excluding 

the social variable also led to another observation, where the sign of the ‘unemployment 

rate’ variable changed from negative to positive. This cannot be correct; an increase of the 

unemployment rate would not cause an increase of customers’ total willingness to pay. 

Therefore, the excluded social variable will be included again in the regression and the 

insignificant technical variable will be replaced. In the next regression results we included 
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‘unit cost’ as a new technical variable with the idea that this variable should be more 

relevant for industrial customers.   

 

Regressed against WTP. Sample: 1991 – 2013. Total observations: 23 x 2 = 46. 

Variable in STATA 

(variable) 
Coefficient 

Robust  

Std. Err. 
t-statistic p-value 

lnincreal 

(income per capita, real) 

.0774083 .030963 2.50 .012 

lnepreal 

(average electricity price, real) 

.9702232 .0350643 27.67 .000 

lnucreal  

(unit cost, real) 

.0098714 .0058197 1.70 .090 

lncustomer  

(# of residential and industrial 

customers in NB Power) 

-.2075762 .0379876 -5.46 .000 

lnt 

(average annual temperature in 

NB) 

-.0614013 .0153351 -4.00 .000 

trend  
.020465 .0013208 15.49 .000 

lag1  
-.0385231 .0009326 -41.31 .000 

lneco2 

(emissions of CO2) 

-.0605367 .0204166 -2.97 .003 

ur 

(unemployment rate in NB) 

-.0017436 .0040449 -0.43 .666 

_cons 
2.957361 .6495426 4.55 .000 

R-squared  .9998 

Table 29: Third regression results (residential vs. industrial) 

 

After reviewing the results of the third regression, the signs of all coefficients are logical 

and the same compared with the first regression result. However, the ‘unemployment rate’ 

variable is statistically insignificant. It seems that ‘unit cost’ as a technical variable did not 
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provide the desired results, therefore the next three regressions will introduce other relevant 

topics for customers situated in the technical group. While the ‘SAIDI’ and ‘SAIFI’ 

variables cover reliability related issues, the load factor indicates the variability of energy 

consumption. A high peak load generated by an industrial customer can result in high 

charges. 

 

Regressed against WTP. Sample: 1991 – 2013. Total observations: 23 x 2 = 46. 

Variable in STATA 

(variable) 
Coefficient 

Robust  

Std. Err. 
t-statistic p-value 

lnincreal 

(income per capita, real) 

.0743916 .0349713 2.13 .033 

lnepreal 

(average electricity price, real) 

.9858373 .0484107 20.36 .000 

lnsaidi 

(system average interruption 

duration index) 

-.0212184 .0003037 -69.88 .000 

lncustomer  

(# of residential and industrial 

customers in NB Power) 

-.2119235 .0437512 -4.84 .000 

lnt 

(average annual temperature in 

NB) 

-.0608005 .0157705 -3.86 .000 

trend  
.0210262 .0011501 18.28 .000 

lag1  
-.0414772 .0009883 -41.97 .000 

lneco2 

(emissions of CO2) 

-.0552192 .0219806 -2.51 .012 

ur 

(unemployment rate in NB) 

-.0016242 .0040887 -0.40 .691 

_cons 
3.014011 .7294785 4.13 .000 

R-squared  .9998 

Table 30: Fourth regression results (residential vs. industrial) 
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Regressed against WTP. Sample: 1991 – 2013. Total observations: 23 x 2 = 46. 

Variable in STATA 

(variable) 
Coefficient 

Robust  

Std. Err. 
t-statistic p-value 

lnincreal 

(income per capita, real) 

.0721175 .0325361 2.22 .027 

lnepreal 

(average electricity price, real) 

.9883014 .0555341 17.80 .000 

lnsaifi 

(system average interruption 

frequency index) 

.0713271 .0175633 4.06 .000 

lncustomer  

(# of residential and industrial 

customers in NB Power) 

-.2123326 . 0402291 -5.28 .000 

lnt 

(average annual temperature in 

NB) 

-.0375443 .0101309 -3.71 .000 

trend  
.0308076 .0017309 17.80 .000 

lag1  
-.0414772 .0009883 -17.80 .000 

lneco2 

(emissions of CO2) 

-.0538155 .0243229 -2.21 .027 

ur 

(unemployment rate in NB) 

-.0005325 .0033511 -0.16 .874 

_cons 
2.867374 .5992628 4.78 .000 

R-squared  .9998 

Table 31: Fifth regression results (residential vs. industrial) 

 

Regressed against WTP. Sample: 1991 – 2013. Total observations: 23 x 2 = 46. 

Variable in STATA 

(variable) 
Coefficient 

Robust  

Std. Err. 
t-statistic p-value 

lnincreal 

(income per capita, real) 

.0626823 .0415336 1.51 .131 

lnepreal 

(average electricity price, real) 

.9368999 .0436089 21.48 .000 

lf 

(load factor) 

-.003175 .0015269 -2.08 .038 
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lncustomer  

(# of residential and industrial 

customers in NB Power) 

-.2366115 .0567438 -4.17 .000 

lnt 

(average annual temperature in 

NB) 

-.0547163 .0148229 -3.69 .000 

trend  
.0208828 .0012556 16.63 .000 

lag1  
-.0356949 .0006519 -54.76 .000 

lneco2 

(emissions of CO2) 

-.0583 .0286412 -2.04 .042 

ur 

(unemployment rate in NB) 

-.0025201 .0049987 -0.50 .614 

_cons 
3.681621 1.014107 3.63 .000 

R-squared  .9998 

Table 32: Sixth regression results (residential vs. industrial) 
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