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The issue of energy efficiency is attracting more and more attention of academia, business 

and policy makers worldwide due to increasing environmental concerns, depletion of non-

renewable energy resources and unstable energy prices. The significant importance of en-

ergy efficiency within gold mining industry is justified by considerable energy intensity of 

this industry as well as by the high share of energy costs in the total operational costs. In 

the context of increasing industrial energy consumption energy efficiency improvement 

may provide significant energy savings and reduction of CO2 emission that is highly im-

portant in order to contribute to the global goal of sustainability.  

The purpose of this research is to identify the ways of energy efficiency improvement rele-

vant for a gold mining company. The study implements single holistic case study research 

strategy focused on a Russian gold mining company. The research involves comprehensive 

analysis of company’s energy performance including analysis of energy efficiency and 

energy management practices. 

This study provides following theoretical and managerial contributions. Firstly, it proposes 

a methodology for comparative analysis of energy performance of Russian and foreign 

gold mining companies. Secondly, this study provides comprehensive analysis of main 

energy efficiency challenges relevant for a Russian gold mining company. Finally, in order 

to overcome identified challenges this research conceives a guidance for a gold mining 

company for implementation of energy management system based on the ISO standard. 
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1. INTRODUCTION 

In order to reveal the rationale behind this work to full extent, this chapter is divided into 

six subchapters considering the research background, research gap, research problem, ob-

jectives and research questions of this study. The definitions of the key terms used 

throughout the thesis are also presented within “Introduction” chapter. The boundaries of 

the study are also defined in this chapter, within “Delimitations” subchapter. The structure 

of this Master’s Thesis might be found in the end of this chapter. 

 

1.1. Research Background 

The problems of energy efficiency are currently attracting more and more global attention 

from business, academia and policy makers. This significant interest towards rational use 

of energy is justified by the global challenges caused by the consequences of economic and 

technological development (Gomes et al., 2014). Such excessively important issues as 

global climate change are nowadays integrated in the strategic agenda of almost all devel-

oped and developing countries. The increasing awareness and concerns about economic 

growth, social equity and environmental protection have enhanced the worldwide adoption 

of the global goal of sustainable development. It is commonly perceived that improvement 

of energy efficiency may yield fruitfully from the different perspectives such as prevention 

of fossil fuels depletion, improvement of national energy security and avoidance of natural 

environment destruction (Mukherjee, 2008). 

 

While the concept of sustainability stresses the environmental aspect of energy efficiency 

related to CO2 emission, the extensive importance of energy efficiency might be related to 

wider variety of aspects. The particular need to provide stable energy supply addressing the 

extensive level of energy consumption is essentially relevant for the entire society nowa-

days. All these aspects are increasing the significance of the problem of rational energy 

use, which is considered to be an effective countermeasure to increasing energy demand 

and unreliable energy providers (Bunse et al., 2011). In this context, energy efficiency is 

considered to be one of the key strands of the sustainable business model (Bunse and 

Vodicka, 2010). 
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The global goal of sustainable development provides new sustainability requirements for 

the business. Consequently, companies are becoming more and more concerned about its 

environmental impact changing the paradigm of successful business performance. At the 

same time, the sophisticated business environment requires companies to improve its cost-

effectiveness in order to succeed in global competition. In this context energy efficiency is 

considered to be the most economical and effective way to address different energy-related 

challenges contributing to the environmental issues and global competitiveness (Makridou 

et al., 2016). Therefore, some companies start to perceive the benefits of energy efficiency 

such as enhancement of the sustainability of business model and cost reduction. In this 

regard the importance of energy efficiency can be considered in terms of three aspects: 

commercial and industrial competitiveness, energy security benefits and significant envi-

ronmental benefits (Patterson, 1996).  

 

The significance of energy efficiency issues increases dramatically in energy intensive 

industries, which consume more than 37 % of the world’s total amount of produced energy 

(Abdelaziz et al., 2011). Given the instability of energy prices and constant growth of in-

dustrial energy consumption over the time, the issue of industrial energy efficiency is 

awarded with a high strategic priority. Energy efficiency provides significant benefits for 

industrial company also from the cost-effectiveness standpoint contributing to the industri-

al competitiveness and increasing economic growth through rational use of resources 

(Mukherjee, 2008; Makridou et al., 2016).  

 

For the mining industry the issue of energy efficiency is particularly important from sever-

al perspectives. It is common knowledge that mining industry is considered to be signifi-

cantly energy intensive industry with a high share of energy costs in total operational costs, 

therefore, even small reduction in energy consumption may provide significant energy sav-

ings as well as reduction of CO2 emission (Levesque et al., 2014). However, mining indus-

try faces one of the most significant sustainability challenges as compared to other indus-

trial sectors. Being based on the extracting operations, mining industry inevitably has sig-

nificant environmental impact such as depletion of non-renewable natural resources and 

destruction of the environment. Therefore, in order to justify its “social license” to operate, 

mining industry should fulfill and address all requirements and concerns related to sustain-

ability (Azapagic, 2004).  



13 

Furthermore, energy is considered to be significantly valuable indispensable natural re-

source that should be used consciously and rationally. With this regard, integrated indica-

tors of energy consumption are regarded among the most important indicators of corporate 

sustainability within the mining industry (Lodhia and Martin, 2014). Therefore, being 

highly energy and environmentally intensive, mining industry is required to integrate the 

concept of energy efficiency and corporate sustainability into its strategic agenda.  

 

However, despite such significant benefits that energy efficiency may provide, the real 

level of efficiency of energy use in mining industry still remains low. Some researches 

state that the level of energy consumption of mining industry is considered to be the fastest 

growing among all industrial sectors with an average growth about 6% from 1989-90 to 

2007-08 (Petchey, 2010). To significant extent this is due to the fact that geological and 

mining conditions of natural resources deposits are becoming more and more sophisticated, 

requiring mining companies to extract ore from deeper levels with lower ore grade that 

leads inevitably to the increase of energy consumption and energy costs. Therefore, for the 

mining industry the issue of energy efficiency assumes considerable prominence. 

 

1.2. Research Gap  

Within academic literature one may find extensive researches on different aspects of indus-

trial energy efficiency. However, the majority of academic papers are focused on the theo-

retical concepts of industrial energy efficiency that are applicable to any industry, while the 

industry specific aspects of energy efficiency in the context of a particular country are not 

covered extensively. Such an important question as energy efficiency barriers is usually 

considered by scholars only on a theoretical level, while the amount of empirical studies 

might be considered as scarce. Also within academic literature one may not find a holistic 

analysis of energy efficiency in the context of gold mining industry involving both theoret-

ical and empirical studies.  

 

It is also important to emphasize that within international academic literature there is 

scarce amount of researches considering issues of energy efficiency within specific context 

of Russian economic environment. However, it is highly important to find an empirical 

evidence for commonly accepted theoretical concepts related to energy efficiency within 
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the business practice of Russian companies. This master’s thesis seeks to fill in this gap by 

performing holistic analysis of energy performance of a Russian gold mining company 

including energy efficiency, energy use and consumption. 

 

1.3. Research Scope and Objectives 

Outlined research background reveals a core research problem of this work - energy effi-

ciency of a gold mining company. The fundamental goal of this research is to identify the 

ways to improve energy efficiency of a gold mining company. However, being an indicator 

of energy performance, energy efficiency cannot be analyzed separately from energy use 

and energy consumption. Therefore, stated research goal might be achieved only through 

holistic analysis of energy performance of a gold mining company. Accordingly, the first 

objective of this study is to analyze the energy performance of a gold mining company, 

while the second one is to reveal the ways of energy efficiency improvement of a gold 

mining company.  

 

The main research question (RQ) within this research is “How to improve energy efficiency 

of a gold mining company?”  

 

In order to answer the main research question and perform research in a sequential way 

following research questions are formulated (Table 1).  

 

Table 1. Research objectives and questions. 

# Research Question Research Objective 
Research  

Method 

RQ1 
How energy performance is inte-

grated within company’s man-

agement system? 

To analyze the energy 

performance of a gold 

mining company 

Mixed-method 

research 

RQ2 
What are the main energy effi-

ciency challenges that a gold min-

ing company faces? 
To reveal the ways of 

energy efficiency im-

provement of a gold 

mining company 

Multi-method 

qualitative study 

RQ3 
How to integrate energy manage-

ment practices in the company’s 

management system? 

Multi-method 

qualitative study 
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The proposed research framework is applied through a case study research strategy. The 

case study requires thorough in-depth understanding of examined phenomenon, therefore 

the research principally applies qualitative research methods. However, in order to perform 

holistic analysis of company’s energy performance, the research applies methodological 

triangulation, combining qualitative and quantitative research methods within its research 

framework. The research is based on the single holistic case study of a Russian gold min-

ing group of companies. 

 

1.4. Definitions of the Key Terms 

In order to clarify the research framework and unify the terminology applied within this 

thesis, this section presents the definitions of the key terms related to energy efficiency 

according to the international standard ISO 50001:2011 “Energy management systems — 

Requirements with guidance for use” (ISO, 2011). 

 

Energy Efficiency – “ratio or other quantitative relationship between an output of perfor-

mance, service, goods or energy, and an input of energy”. 

 

Energy Performance – “measurable results related to energy efficiency, energy use and 

energy consumption”. 

 

Energy Consumption – “quantity of energy applied”. 

 

Energy Use – “manner or kind of application of energy”. 

 

Energy Management System – “set of interrelated or interacting elements to establish an 

energy policy and energy objectives, and processes and procedures to achieve those objec-

tives” 

 

1.5. Delimitations 

This case study is focused on the problem of energy efficiency in a Russian gold mining 

industry. Such industry specific research focus is justified by the significant level of energy 

intensity of the process of gold mining. For Russian gold mining companies, who contrib-



16 

ute more than 9% to the world gold production, the issue of energy efficiency is particular-

ly relevant (Ernst&Young, 2014). The specific Russian institutional and business environ-

ment provides gold mining companies with particular energy efficiency challenges that 

should be studied and analyzed. Therefore, this study is limited to the Russian gold mining 

industry. 

 

The scope of the empirical research is defined by the analysis of one gold mining compa-

ny. The case company is considered as one of the largest players in the Russian gold min-

ing industry. Despite the fact that such research approach provides threats to generalizabil-

ity of research finding, such research strategy addresses claimed research questions to full 

extent and, therefore, meets the purpose of this study.  

 

1.6. Report Structure 

In order to present the results of the research in a holistic way and embrace all the relevant 

aspects, the Master’s Thesis is divided into six chapters. Each of the chapters of this thesis 

is aimed at enriching the research framework in order to present comprehensively the per-

formed research. The structure of this Master’s Thesis is introduced in the Figure 1. 
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Source: The Author 

Figure 1. The structure of the Master’s Thesis 

 

Within the first chapter “Introduction” the research background is outlined giving insights 

to the research gap. The research scope and objectives as well as research questions are 

also stated in the “Introduction”. One may also find the definitions of key terms used 

throughout the work and delimitations of this study in this chapter. The following chapter, 

“Literature Review” includes the main theoretical concepts, frameworks and models rele-

vant for this study. The theoretical framework of this research is presented in this section. 

In order to ensure thoroughness of analysis of academic literature “Literature Review” sec-

tion includes three subchapters covering main theoretical domains relevant for the research 
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framework namely “Sustainability”, “Energy Efficiency” and “Energy Management”. Each 

of the subchapters reveals main theories, concepts and frameworks within particular re-

search area. 

 

The “Literature Review” is followed by “Methodology” chapter, which provides an exten-

sive description of full methodological framework including research design, case descrip-

tion, data collection, data analysis and data quality. The next chapter is “Results” which 

covers all the results and findings of the research work. This chapter is followed by “Dis-

cussion” chapter where one may find the interpretation and analysis of the obtained results 

with a particular research focus. The final part of the Master’s Thesis is “Conclusions”, 

where the key research findings are highlighted. This chapter provides comprehensive an-

swers to the stated research questions as well as presents theoretical contribution and man-

agerial implications of the research. Limitations of the study and implications for further 

research are also presented within “Conclusions” chapter.  

 

The complete list of academic literature and other theoretical materials that have been cited 

within this thesis is provided in “References” section. All the relevant for the research in-

formation that is not introduced in the main text of the thesis is presented within “Appen-

dices” section. 
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2. LITERATURE REVIEW 

The key goal of literature review is to map out the theoretical framework of the research, to 

reveal main theories, concepts and models relevant for the research problem in order to 

provide profound foundation for the empirical study. Within the particular case study, the 

analysis of academic literature is performed in order to determine the theoretical gap that 

should be covered by the subsequent empirical research. 

 

The literature review is written based on the relevant up-to-date academic literature 

searched through such databases as Scopus, Science Direct and Web of Science covering 

various scientific journals. The literature search strategy was based on the key words de-

rived from the research questions such as “Energy efficiency”, “Energy management”, 

“Sustainability”, “Mining industry” and others. The literature search was performed using 

different search strings such as “Energy Efficiency” AND “Mining Industry” or “Energy 

Management” AND “Mining Industry” searching in the article title, abstract and keywords. 

The key criteria for the selection of articles were English language of publication and, gen-

erally, business and management subject area. Publication period as well as geographical 

area were not considered as important attributes. The articles corresponding to abovemen-

tioned criteria were sorted by times cited as well as by its relevance. The overall amount of 

articles found using different search strings was more than 150, however, after title and 

abstract review more than 60 articles were excluded due to its irrelevance. Therefore, 

around 80 articles were included into the full text analysis of academic literature. 

 

The performed analysis of academic literature has shown that the issue of energy efficien-

cy is considered within the theoretical domain of sustainability, particularly within the field 

of environmental management. Moreover, due to the increasing environmental concerns 

energy is becoming widely applied impact category in Life Cycle Assessment, extensively 

applied analytical concept. Therefore, this concept is considered to be relevant for the par-

ticular research framework. Energy management being one of the key focus areas of this 

research, therefore, encompasses the concepts of energy policy, energy management stand-

ard and energy performance. This concept along with the environmental management and 

Life Cycle Assessment is establishing the theoretical framework of the study, which de-

termines the focus area of this research by the intersection of abovementioned theoretical 

concepts (Figure 2). 
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Source: The Author 

Figure 2. Theoretical framework of the research 

 

In order to get profound understanding of the research problem and cover all the relevant 

theoretical aspects the literature review is divided into three sections: Sustainability, Ener-

gy Efficiency and Energy Management. The section related to sustainability covers the 

main theories and frameworks that establish the concept of sustainability. Particularly, due 

to the research focus of this study, the theory of sustainability is presented in terms of envi-

ronmental management. The concept of LCA is also covered in the “Sustainability” sec-

tion. Considering the fact that this research is focused on the analysis of energy efficiency 

in a gold mining industry, the literature review also presents the analysis of sustainability 

in mining industry.  

 

The Energy Efficiency section covers such issues as energy efficiency gap, energy effi-

ciency barriers, energy efficiency services and energy efficiency rebound effect. These are 

the most significant theoretical concepts within the field of energy efficiency. The last part 

of literature review is dedicated to the concept of energy management covering such issues 

as energy management practices, energy policy frameworks and energy management 

standards.  
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2.1 Sustainability 

Currently the issue of sustainability is becoming more and more important for a whole so-

ciety, attracting the attention of both academics and policy makers. The assumption that 

the humanity is provided with infinite amount of natural resources as well as that the envi-

ronment obtains unlimited self-regeneration capacity is not relevant anymore. It became 

clear that economic and technological development inevitably provides negative outcomes 

for both the society and environment, therefore, new constraints and requirements are 

emerging (Gomes et al., 2014). Despite the increasing awareness and concerns about eco-

nomic growth, social equity and environmental protection during several past decades, it 

was only the Earth Summit in Rio 1992 that resulted in a worldwide common acceptance 

that these global problems should be considered and analyzed simultaneously due to its 

interrelatedness (Dyllick and Hockerts, 2002). 

 

2.1.1 Concept of Sustainability 

Global sustainability implies the ability to meet “the needs of the present without compro-

mising the ability of future generations to meet their own needs” (Brundtland, 1987, p.11). 

Being quite broad and embracive this “classic” definition determines the essence of the 

concept of sustainability – to maintain economic development while protecting the long-

term value of the environment and the society. Within the business level the idea of corpo-

rate sustainability is determined as “meeting the needs of a firm’s direct and indirect stake-

holders (such as shareholders, employees, clients, pressure groups, communities, etc.), 

without compromising its ability to meet the needs of future stakeholders as well” (Dyllick 

and Hockerts, 2002, p. 130). In the same vein, Hart and Milstein (2003, p.56) define the 

sustainable enterprise as the “one that contributes to sustainable development by delivering 

simultaneously economic, social, and environmental benefits—the so-called triple bottom 

line”.  

 

This concept of “Triple Bottom Line” is a fundamental strand of the sustainability ap-

proach. Covering economic, social and environmental dimensions of sustainability, Triple 

Bottom Line approach integrates all three aspects in the sustainable business model, where 

conscious rational use of natural resources, reduction of the environmental impact of pro-

duction process and the responsible relationships with stakeholders are shaping company’s 

strategic agenda (Gomes et al., 2014). Based on this concept company’s performance 
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should be assessed not only by its economic dimension but also by environmental and so-

cial ones. However, Boons et al. (2013) argue that nowadays the majority of firms operate 

on unsustainable business models.  

 

The academics claim that the global challenge of sustainability requires firms to identify 

business strategies, which create sustainable value for the firm and coincidently contribute 

to a more sustainable world (Hart and Milstein, 2003). The integration of economic, social 

and environmental aspects into the business model results in a new production paradigm 

enabling better quality of people’s life within their environment along with the economic 

development and prosperity (Gomes et al., 2014).  

 

2.1.2 Environmental Management1 

Currently the relation between the firm and its environment is attracting significant aca-

demic attention. The business nowadays is required to increase the efficiency of natural 

resource use in order to contribute to the global goal of sustainable development (De Bur-

gos Jimenez and Cespedes Lorente, 2001). In their research Hart and Milstein (2003) have 

revealed several groups of global sustainability drivers, including the drivers related to the 

pollution, material and natural resources consumption as a result of increasing industriali-

zation. The researchers state that the extensive industrialization despite providing signifi-

cant economic benefits generates considerable environmental pollution burdens by con-

suming natural resources and materials as well as fossil fuels. Energy use has a direct im-

pact on the environment through the emission of CO2, therefore, the rational use of energy 

resources becomes a central issue of environmental aspect of sustainable development. 

With this regard, Hart and Milstein (2003) state that resource efficiency and pollution pre-

vention are considered to be critically important in order to reach sustainable development. 

Therefore, the concept of environmental management emerged to contribute to the sustain-

able development by addressing the issue of environmental pollution. 

 

The increasing scientific interest to the issue of environmental management emerged in 

1970s. During the next 30 years the amount of publications concerning this topic has in-

creased every year. However, despite such a great academic interest to this research area 

                                                 
1 The analysis of academic literature on Environmental Management and Life Cycle Assessment was per-

formed by the author of this Master’s Thesis and presented within the course report “Research Methods for 

Master Students” (Mineeva, 2015) 
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many scientists admit the scarcity of transparent concepts and coherent theoretical frame-

work of this issue (Lucas, 2010; Ngai et al., 2013).  

 

The analysis of scientific literature has revealed some contradictions in terms of the role of 

environmental issues in a company’s strategic scope. Environmental management was 

usually considered by academia as insignificant concerns as it consumes company’s re-

sources and weakens its competitiveness (Ngai et al., 2013). As Gadenne et al. (2009) re-

vealed, the level of implementation of environmental management practices remains low 

despite strong environmentally friendly attitudes of company’s managers. Within their 

research authors determined that the majority of managers do not consider environmental 

management program as a potential source of competitive advantages, furthermore, more 

business owners estimate environmental investment as non-beneficial. Within their study 

they concluded that despite the high level of business environmental concerns claimed in 

the academic literature, the empirical research has disclosed a gap between company’s 

environmentally friendly attitudes and its performance. In this regard, there is a point of 

view that the lack of interest in the implementation of environmental management practic-

es is due to the lack of evidence that environmental investments would provide exceeding 

benefits (Montabon et al., 2007). 

 

However, along with the development of the extensive environmental management prac-

tices researchers started to discover the competitive benefits of its implementation (Ngai et 

al., 2013). It became clear that in order to reach the goal of sustainable development com-

panies have to recognize that environmental issues do not imply extra restrictions to their 

activities but provide an opportunity to develop more successful strategy (De Burgos 

Jimenez and Cespedes Lorente, 2001). Porter and van Der Linde, the authors of the idea of 

“innovation offsets”, are considered among the pioneers in academia who provided an im-

petus for researching the impact of environmental management and the contribution of 

these researchers in this scientific field is highly appreciated by other scientists. (Porter and 

van der Linde, 1995 cited in Montabon et al., 2007). Berry and Rondinelli (1998) consider-

ing the significant development of the corporate environmental management as a new in-

dustrial revolution have revealed several forces driving company to introduce proactive 

environmental management in order to get competitive advantages. Similarly, Montabon et 
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al. (2007) in their research have proved that implementation of environmental management 

practices has a positive impact on the company’s performance. 

 

2.1.3 Life Cycle Assessment 

Within the environmental management the issues of energy use are partly covered by Life 

Cycle Assessment (LCA) - the analytical tool for assessing overall environmental impact 

related to product life cycle. It should be noticed that the sphere of its implementation is 

broader than just environmental management and considerably depends on chosen impact 

category. However, with increasing concerns about CO2 emission and depletion of fossil 

energy, it becomes a natural need to apply energy use as an impact category for the Life 

Cycle Assessment (Arvidsson et al., 2012). 

 

ISO 14040 determines the Life Cycle Assessment as a tool to evaluate the environmental 

impact and the amount of resources used during whole product’s life from the extraction of 

raw material to the waste management (ISO, 2006). Although the tool of LCA has become 

the only assessment method which is internationally standardized, it is still a field of a high 

academic interest (Kloepffer, 2008). 

 

The issues of LCA were considered by academics since early 1970s but the extensive in-

terest to this topic emerged in 1990s, when the first scientific papers were published (Finn-

veden et al., 2009). The concept of LCA as a comprehensive tool for environmental man-

agement oriented on the entire product’s lifecycle involves a general methodological 

framework with its main elements: the goal definition and the inventory, the classification, 

the valuation and the improvement analysis (Guinée et al., 1993a). Along with the rise of 

scientific interest to this concept several drawbacks in the LCA method were revealed such 

as problem of purely technical quality as well as methodological and communication prob-

lems (Guinée et al., 1993b). Another criticized aspect of this concept is inconsistency of 

the results of LCA implementing different impact categories. In this regard, academics 

admit the lack of comparable data for conducting quantitative comparison of material and 

energy flows (Ayres, 1995). The holistic approach to production process inherent to the 

LCA provides significant limitations to this concept as the comprehensive analysis of the 

product’s life cycle can be achieved only by certain level of simplification (Guinée et al., 

2002). Since that time the concept of LCA has developed significantly and achieved a clear 
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methodological framework becoming a fundamental principle of an international standard 

(Finnveden et al., 2009). 

 

The fundamental methodological framework of the LCA covered by the international 

standard includes four main stages: Goal and Scope Definition, Life Cycle Inventory 

Analysis (LCI), Life Cycle Impact Assessment (LCIA), and Interpretation (Finnveden et 

al., 2009). Within the concept of LCA researchers distinguish two types of the LCA meth-

ods: attributional and consequential. The attributional method assesses only the input and 

output material flows, which are vital to the environment, while the consequential LCA 

seeks to analyze the influence of managerial decisions on the environmentally significant 

material flows (Finnveden et al., 2009). In academic literature it is possible to find other 

terms for these two analytical models: descriptive and change-oriented, retrospective and 

prospective but the principal distinction remains the same (Guinée et al., 2002; Ekvall et 

al., 2005). 

 

The core attribute of the LCA is the analysis of the whole supply chain considering struc-

tural principles of economic system related to the environmental issues. However, at the 

same time the implementation the LCA method within the company context enables identi-

fication of production processes that have significant contribution to the total environmen-

tal impact (Udo de Haes and Heijungs, 2007). Such analytical approach provides support 

for the managerial decisions in terms of optimization of production process and supply 

chain. 

 

The particular managerial implications of the LCA significantly depend on the impact cat-

egory chosen for assessment (Guinée et al., 2002). Researchers distinguish three types of 

impact categories or areas of protection: resource use, human health consequences and 

ecological consequences (Pennington et al., 2004). The issue of energy use is included in 

the resource use impact category, however, in academic literature one may find several 

approaches to the analysis of energy consumption as an impact category of the LCA. 

Ingwersen (2011) considering LCA as a flexible growing framework proposed to use the 

concept of emergy existing in the field of thermodynamics as an impact category for ener-

gy consumption, while other researchers suggested to introduce cumulative exergy demand 

in the methodology of LCA (Bösch et al., 2008). 
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Being one of the key factors influencing the level of CO2 emission, efficiency of energy 

use becomes an issue of paramount importance from the environmental management per-

spective. Integration of energy consumption as an impact category for the Life Cycle As-

sessment, extensive development of researches analyzing energy use in terms of environ-

mental management can be considered as a clear evidence of perceived and recognized 

significance of energy use issues (Arvidsson et al., 2012). The method of the energy con-

sumption assessment disclosed within the concept of LCA can be successfully applied for 

the analysis of energy performance for such industries as gold mining with sequential mul-

ti-stage production process. However, LCA requires significant amount of data to be col-

lected, therefore, it is recognized as a difficult tool for everyday operational management 

(Cannata and Taisch, 2010). 

 

2.1.4 Sustainability in Mining Industry 

Current business environment requires all the industries to introduce the goal of sustainable 

development into its strategic agenda (Gomes et al., 2014). However, not all the industries 

are facing the same challenges while integrating the concept of sustainable development. 

For the mining industry the commitment to the sustainability is considered to be the most 

challenging since mining inherently implies the extraction of non-renewable natural re-

sources that is associated with significant social and environmental impacts (Azapagic, 

2004; Han Onn and Woodley, 2014).  

 

Even though the mining industry ensures the quality of life of all the society by providing 

all required natural resources, its social and environmental impacts are significantly severe. 

Moran et al. (2014) claim that these impacts may vary from geographic and cultural dis-

placement of native communities to the pollution of water, air and land with toxic by-

products of mineral processing. Therefore, some researchers state that at first glance “sus-

tainable mining” can be considered as a paradox since the extraction of finite natural re-

sources provides an extensive environmental burden rather than contributes to the goal of 

sustainable development (Mudd, 2010)  

 

Within the mining industry the term “sustainability” implies minimization of the environ-

mental impact of mining activities (Gomes et al., 2014). According to Hilson and Murck 

(2000, p.228) “sustainable development in the corporate mining context requires a com-
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mitment to continuous environmental and socioeconomic improvement, from mineral ex-

ploration, through operation, to closure.” However, within academic literature one may 

find a considerable amount of definitions related to the concept of sustainability in terms of 

mining industry. Han Onn and Woodley (2014) have developed the framework of three 

tiers of sophistication in order to analyze the implementation of sustainability concept in 

the mining industry. According to these researchers, the first tier is “Perpetual Sustainabil-

ity”, which implies that a process can be admitted sustainable if it can continue perpetually. 

The second tier is “Transferable Sustainability”, which extends the scope of the sustaina-

bility concept considering also the impact of mining on the society and environment. Final-

ly, the third tier, “Transitional sustainability”, is the most complicated approach introduc-

ing different dimensions how the mining industry can contribute to the global goal of sus-

tainable development. It is worth mentioning that LCA is included by these researchers in 

the transitional sustainability tier as it involves a significant level of sophistication in order 

to assess multiple social and environmental impacts of mining process as well as the 

amount of material and energy used in mining operations (Han Onn and Woodley, 2014). 

 

In academic literature one may find two different approaches to the concept of sustainabil-

ity in terms of primary extraction industries: one considers the extraction of natural re-

sources as inherent process of sustainable development, while another claims that extrac-

tion of non-renewable resources is unacceptable and should be significantly reduced or 

eliminated (Cowell et al., 1999). Tilton (1996) claims that the basic difference between 

these two approaches lies deeply in the concept of resource depletion. He related two aca-

demic paradigms – Fixed Stock Paradigm and Opportunity Cost Paradigm – with different 

academic disciplines: engineering and economic science respectively (Tilton, 1996). He 

argues that while engineers are more concerned about inevitable exhaustion of finite natu-

ral resources, the economists consider that resource substitution, recycling and technologi-

cal progress makes life expectancy of resources much longer and makes the problem of 

resources depletion not relevant (Tilton, 1996). 

 

The analysis of academic literature makes it clear that highly sophisticated and competitive 

business environment has prompted mining industry to share the commitment to sustaina-

bility concept and to seek strategies to address the challenge of sustainable development 

(Azapagic, 2004). The establishment of International Council on Mining and Metals 
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(ICMM) in 2001 was the first step that catalyzed mining industry to develop its sustainabil-

ity agenda (Han Onn and Woodley, 2014). The further adoption of recommendations in 

‘Minerals Mining and Sustainable Development’ report in 2002 might be also considered 

as one of the most significant steps towards more sustainable future of mining industry 

(Mudd, 2007).  

 

However, the researchers claim that such a high level of commitment to the concept of 

sustainable development is shared only by the corporate level of mining companies, while 

the implementation of this approach to the operational level is still considered to be a chal-

lenging process. Tuazon et al. (2012) claim that the problem of transforming such a high-

level sustainable aspiration into appropriate targets and methods as well as the problem of 

integration sustainability principles into daily operational decision-making process are still 

not addressed by current tools and methodologies. 

 

2.2 Energy Efficiency 

Energy efficiency is admitted to contribute significantly to the climate change mitigation. 

However, the significant importance of efficient use of energy is related not only to the 

environmental concerns. Intensified global business competition requires companies to 

reduce its costs and ensure effective use of productive resources, therefore, energy effi-

ciency, providing the reduction of energy costs, justifies its importance also from the cost 

effectiveness standpoint (Mukherjee, 2008). In this vein, Patterson (1996) states that the 

importance of energy efficiency is based on three areas of critical importance: commercial 

and industrial competitiveness, energy security benefits and significant environmental ben-

efits. 

 

Academics admit that there is a lack of consensus on the term “energy efficiency” in aca-

demic literature and public policy frameworks. One may find an extensive amount of over-

lapping definitions covering the issue of rational energy consumption such as “energy con-

servation” and “energy efficiency”. However, researchers claim that there is a significant 

difference between these two terms since energy efficiency implies “adoption of a specific 

technology that reduces total energy consumption without changing the relevant behav-
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ior”, while energy conservation “implies merely a change in consumers’ behavior” 

(Oikonomou et al., 2009, p.4787). 

 

2.2.1 Energy Efficiency Gap 

Within the academic literature on energy efficiency one may find extensive amount of pa-

pers considering the phenomenon of energy efficiency gap (Jaffe and Stavins, 1994; Back-

lund et al., 2012; Allcott and Greenstone, 2012). Energy efficiency gap reflects the differ-

ence between actual and optimal level of energy consumption caused by the low level of 

implementation of energy efficiency measures. This issue is highly relevant for both aca-

demia and policy makers as despite significant benefits and cost effectiveness of energy 

efficiency measures stated by both academic literature and policy documents, these 

measures are not always implemented (Backlund et al., 2012). Hence, the energy efficien-

cy gap can be considered as “a paradox of gradual diffusion of apparently cost-effective 

energy-efficiency technologies” (Jaffe and Stavins, 1994, p. 804).  

 

Extensive amount of researches seek explanations for this paradox. Within academic litera-

ture two main concepts might be distinguished such as market failure explanations and 

non-market failure. Non-market failure explanations are considered to be related to the 

challenging process of justification that energy efficiency measures will indeed lead to 

optimal level of energy consumption. While market failure approach derived from the neo-

classical economics considers the deviation of real market from the assumed perfect mar-

ket (Backlund et al., 2012). With this regard, Jaffe and Stavins (1994) define the availabil-

ity of information as the main source of potential market failure. Allcott and Greenstone 

(2012) distinguish two types of market failures causing energy efficiency gap – energy use 

externalities and investment inefficiencies. These researchers state that investment ineffi-

ciencies might be considered as a main force to create this difference between the cost-

effective level of energy efficiency and current level. They also consider that policy in-

struments aimed at providing information are the best way to address these inefficiencies 

directly (Allcott and Greenstone, 2012). In the same vein, Backlund et al. (2012) state that 

policy measures are aimed mainly at reducing the influence of such market failures.  

 

Another very important academic issue is the extent of energy efficiency gap. Jaffe and 

Stavins (1994) claim that the extent of energy efficiency gap is related to the definition of 
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energy efficiency potential. Based on this approach they define five notions of energy effi-

ciency potential such as “the economists’ economic potential, the technologists’ economic 

potential, hypothetical potential, the narrow social optimum and true social optimum” 

(Jaffe and Stavins, 1994, p.808). A hypothetical potential reflects the absolute energy effi-

ciency potential assuming that all technologically available measures are implemented, 

while the economists’ economic potential as well as the technologists’ economic potential 

tackles the issue of market barriers. Based on this, Backlund et al. (2012) has introduced a 

concept of extended energy efficiency gap claiming that technological energy efficiency 

potential might be extended by the implementation of energy management practices. 

Therefore, they state that studies of energy efficiency barriers and energy efficiency gap 

should not be focused only on the diffusion of technological solutions but should also con-

sider energy management practices. 

 

2.2.2 Energy Efficiency Barriers 

The importance of energy efficiency barriers is justified by the significant untapped poten-

tial of energy efficiency caused by energy efficiency gap. Academics claim that unlocking 

this potential will facilitate the reduction of global fossil fuel consumption in order to miti-

gate greenhouse gas emission, improve the security of energy supply and contribute to the 

global goal of sustainable development (Apeaning and Thollander, 2013).  

 

The issue of energy efficiency barriers was extensively investigated since the end of 1980s 

(Trianni and Cagno, 2012). DeCanio (1993) might be considered as one of the first re-

searchers contributed by this topic by highlighting the phenomenon of lack of energy effi-

ciency investment despite its apparent profitability. Considerable amount of researchers are 

seeking to improve energy efficiency by addressing the issue of energy efficiency gap, 

however, this seems to be impossible without identifying the barriers that constrain the 

implementation of energy efficient measures and solutions (Trianni and Cagno, 2012; Chai 

and Yeo, 2012).  

 

Recently, the extensive amount of scientific papers considering this problem has emerged 

in academic literature. Some researchers even claim that the issue of energy efficiency bar-

riers has attracted significant academic attention in the field of social science where energy 

efficiency barriers are considered from the perspective of social barriers to technology 
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adoption and innovation diffusion (Chai and Yeo, 2012). However, regardless to such an 

extensive academic research on energy efficiency barriers, in academic literature there is 

no conceptual consensus in this field.  

 

Considering the concept of energy efficiency barriers, it is highly important to define the 

term of “energy efficiency barrier”. One of the most “classical” definitions was provided 

by Sorrell et al. (2000, p.11) who defined energy efficiency barrier as “a postulated mech-

anism that inhibits investment in technologies that are both energy efficient and (apparent-

ly) economically efficient”. In the early years the problem of energy efficiency barriers was 

analyzed from the position of mainstream economics, claiming that the main reason for 

low implementation rate of energy efficiency measures and solutions is an imperfect mar-

ket with its inherent market failures such as lack of information, asymmetric information, 

unprotected nature of research and development activities leading to spillovers and others 

(Chai and Yeo, 2012). However, even at that stage DeCanio (1993) claimed that the reason 

why companies may miss available profitable opportunities is the problems of information 

and control. He concluded that it is the task of management to uncover and exploit such 

opportunities, however, because of bounded rationality, principal-agent problems and mor-

al hazard such opportunities are difficult to realize. Another challenge attributed to the en-

ergy efficiency is its “invisible nature” since the fact that energy efficiency cannot be ob-

served increases the influence of information asymmetric barrier (Anderson and Newell, 

2004). 

 

However, academics admit that existence of energy efficiency barriers can be only partly 

attributed to the market failure since industrial energy efficiency involves technical, eco-

nomical and organizational challenges (Chai and Yeo, 2012). In order to analyze the nature 

and priority of energy efficiency barriers, identified barriers were categorized and classi-

fied in terms of its type and impact. Therefore, several classifications of energy efficiency 

barriers emerged in academic literature. Cagno et al. (2013) state that a comprehensive 

categorization of defined energy efficiency barriers is highly relevant for getting a compre-

hensive understanding of such a sophisticated problem. This has significant implications in 

terms of reducing the influence and power of these barriers. Having performed a profound 

analysis of the most relevant academic researches considering categorization and classifi-

cation of energy efficiency barriers, Cagno et al. (2013) has distinguished a systematic 
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study of Blumstein et al. (1980 cited in Cagno et al., 2013) that defines six categories of 

barriers such as misplaced incentives, lack of information, regulation, market structure, 

financing and custom. This classification might not be regarded as an exhaustive one, 

however, it is considered to be the first attempt to develop a systematic categorization of 

energy efficiency barriers.  

 

Another significant step towards comprehensive analysis of energy efficiency barriers was 

made by Sorrell et al. (2000), who developed the holistic taxonomy of energy efficiency 

barriers. This taxonomy is highly appreciated by the majority of academics and is consid-

ered to be the greatest contribution to the scientific debates in this research field. The Sor-

rell et al. taxonomy currently is regarded as a key reference in the academic literature in 

the field of energy efficiency barriers (Trianni et al., 2013). (Table 2 See following page) 
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Table 2. Taxonomy of barriers to energy efficiency by Sorrell et al. (2000). 

Perspective  Subdivision Barrier Claim 

Economic 

Non-market 

failure 

Heterogeneity Generally cost effective technology might not be cost-effective in a particu-

lar case 

Hidden costs Implies extra costs or loss of benefits that are not covered in engineering 

models. 

Risk Energy efficiency projects are restricted by short payback period because as 

a response to risk 

Access to capital Without being provided with sufficient capital an organization might not be 

able to implement energy efficiency measures 

Market or 

organizational 

failure 

Imperfect information Lack of information may results in missing energy efficiency opportunities 

Adverse selection Being provided with less specific information than suppliers, purchasers 

may rely on a price criteria rather than effectiveness. 

Split incentives If an agent (department) cannot appropriate benefit of energy efficiency, 

the implementation of energy efficiency solutions would be of a less inter-

est 

Principal-agent relationships Principal may apply strict investment criteria to compensate lack of infor-

mation 

Behavioral 

Bounded ra-

tionality 

Bounded rationality Actors take decisions relying on imprecise routines and rules of thumb, 

rather than on standard optimization models. 

The human 

dimension 

Form of information Form of information is critical for decision-making. 

Credibility and trust Trust and credibility of information is critical for decision-making 

Inertia Resistance to changes may lead to missing energy efficiency opportunities. 

Values Commitment to the environmental values gives higher priority to energy 

efficiency 

Organizational  

theory 
 

Power Lack of power, funding and management support provide energy issues 

with low priority 

Culture Increasing the corporate commitment to environmental values encourages 

energy efficiency investment 

Source: Sorrell et al. (2000) 
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Sorrell et al. (2000) have identified 15 theoretical barriers within the taxonomy of energy 

efficiency barriers and classified them into three main perspectives: economic, behavioral 

and organizational. Including several theoretical strands from Jaffe and Stavins (1994), 

Sorrell et al. have developed a comprehensive categorization model, according to which 

each energy efficiency barrier might be attributed to one of those three perspectives - eco-

nomic, behavioral or organizational (Trianni et al., 2013).  

 

However, Cagno et al. (2013) have criticized taxonomy developed by Sorrell et al. (2000) 

claiming that this model includes overlaps and implicit interactions of barriers caused by 

its incorrect and misleading classification. In order to fulfill these gaps Cagno et al. (2013) 

have developed the new taxonomy adaptable to the empirical research. This taxonomy 

provides an opportunity to evaluate the interactions between barriers, to analyze the differ-

ence between perceived and real barriers as well as to assess its effect on the decision-

making process (Table 3).  

 

Table 3. The new taxonomy of energy efficiency barriers by Cagno et al. (2013) 

Origin Actor/Area Barriers 

External 

Market 

Energy prices distortion 

Low diffusion of technologies 

Low diffusion of information 

Market risks 

Difficulty in Gathering External 

Skills 

Government/politics 
Lack of proper regulation 

Distortion in fiscal policies 

Technology/services sup-

pliers 

Lack of interest in energy effi-

ciency 

Technology Suppliers not updat-

ed 

Scarce communication skills 

Designers and manufac-

turers 

Technical Characteristics not 

adequate 

High initial costs 

Energy suppliers 

Scarce communication skills 

Distortion in energy policies 

Lack of interest in energy effi-

ciency 

Capital suppliers 

Cost for investing capital availa-

bility 

Difficulty in identifying the qual-

ity of the investments 
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Table 3. Continued 

Internal 

Economic 

Low capital availability 

Hidden costs 

Intervention-related risks 

Behavioral 

Lack of interest in energy-

efficiency interventions 

Other priorities 

Inertia 

Imperfect evaluation criteria 

Lack of sharing the objectives 

Organizational 

Low status of energy efficiency 

Divergent interests 

Complex decision chain 

Lack of time 

Lack of internal control 

Barriers related to 

competences 

Identifying the inefficiencies 

Implementing the interventions 

Awareness Lack of awareness or Ignorance 

Source: Cagno et al. (2013) 

 

New taxonomy encompassing all the contributions of the previous taxonomy while ad-

dressing its limitations should be considered as a comprehensive theoretical framework for 

the analysis of energy efficiency barriers (Cagno et al., 2013). Therefore, they claim that 

the taxonomy should precisely separate all the barriers in order to identify them clearly and 

avoid overlapping. The taxonomy also should provide an opportunity to analyze possible 

interactions between the elements as well integrate the information about the origin of a 

particular barrier and an actor influenced by this barrier. Another key requirement to the 

new taxonomy claimed by the authors was its applicability to the empirical research 

(Cagno et al., 2013). 

 

It is worth mentioning that some academics also admit the importance of empirical imple-

mentation of theoretical frameworks related to energy efficiency barriers. Thus, Trianni et 

al. (2013) claim that despite the extensive amount of theoretical studies in the academic 

literature on energy efficiency barriers, there is an evident lack of empirical investigation. 

Regarding other theoretical gaps within this topic, Chai and Yeo (2012) admit the lack of 

academic consensus on the issue of prioritization and interconnection of energy efficiency 

barriers. In order to cover this theoretical gap they have proposed “Motivation-capability-

implementation-results (MCIR) framework” emphasizing the interconnected nature of the 
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energy efficiency barriers within the whole process of adoption and implementation of 

energy efficiency measures (Figure 3 See following page) 
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Source: Chai and Yeo (2012, p.469) 

Figure 3. Mapping barriers into the MCIR framework.
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However, the question how to address these barriers still remains. In this regard the majori-

ty of academics state that in order to overcome energy efficiency barriers and, therefore, 

improve energy efficiency an appropriate and comprehensive policy framework should be 

developed. Thus, Rohdin and Thollander (2006, p.1842) claim: “Whether and how these 

market barriers should be addressed is a topic for policy makers”. Similarly, Chai and Yeo 

(2012) argue that a government should be considered as a main stakeholder in exploiting 

untapped potential of industrial energy efficiency. The research performed by Trianni et al. 

(2013) showed the significance of such barriers as lack of time and capital resources and 

the need to guarantee further persistence of the business. The authors claim that such barri-

ers might be addressed only by policy frameworks providing support to companies as well 

as revealing all hidden costs related to the investment in energy efficiency measures. 

 

2.2.3 Energy Efficiency Services 

Another possible way to address the issue of energy efficiency barriers proposed by Chai 

and Yeo (2012) is to promote Energy Efficiency Service Companies (ESCO) in order to 

raise the organization’s capabilities for energy efficiency. Being one of the key stakehold-

ers of the process of energy efficiency improvement, ESCO may significantly contribute to 

this process by reducing technical capabilities barriers for the industrial companies. 

 

From the side of energy companies the issue of energy efficiency services is also becoming 

more relevant as a consequence of several regulatory directives aimed at introducing ener-

gy efficiency issues in the strategic agenda of energy companies (Apajalahti et al, 2015). 

Within the European Union the Energy Services Directive (ESD) determines a variety of 

obligations for energy companies as well as gives the priority to energy services companies 

rather than companies extensively increasing sales of energy to the end-users (European 

Commission, 2006). In this context, Apajalahti et al. (2015) conclude that for experienced 

energy companies it would be quite reasonable to develop energy service business model 

that creates revenue from increasing energy efficiency of the end-users.  

 

There might be found different classifications of energy services. One of the possible dis-

tinctions is direct and indirect energy services - the former is provided directly to the end-

user, the latter is embodied in other services and products- or similarly “general” or “indus-

trial process” energy services (Jonsson et al., 2011). In terms of value of the service, Jons-



39 

son et al. (2011) argue that the value of energy efficiency service cannot be measured as a 

simple ration of input and output. They claim that in order to increase the value of energy 

efficiency service the provider of such service should analyze the “value of output” con-

sidering the clear links between the service and drivers for this service. In this regard, the 

researchers refer to Haas et al. (2008, p.4013 cited in Jonsson et al., 2011) who claims that 

demand for energy people implies demand for energy services like heating, cooling, light-

ing, etc. Therefore, Jonsson et al. (2011) state that changing the focus from energy supply 

to energy use allows to identify service itself as a main output instead of energy delivered 

to the end-user. 

 

Another important issue that attracts significant scientific attention is outlining future ener-

gy services (Immonen et al., 2010; Zhang and Li, 2014). According to these researches 

different types of smart grid technological innovations as well as smart metering technolo-

gies can be considered as the most promising future energy services. The academics con-

clude that current highly sophisticated business environment with evolving market struc-

tures and changing customer preferences requires a company to develop the capability to 

scan the environment and evolve new service concepts (Immonen et al., 2010). 

 

2.2.4 Energy Efficiency Rebound Effect 

Despite all evident benefits of energy efficiency some academics are challenging the ap-

proach that energy efficiency improvement will lead to the reduction of energy consump-

tion. Herring (2006) claim that despite the environmentalists’ confidence that energy effi-

ciency will provide the reduction of energy consumption, the economists argue that im-

proving of energy efficiency will lead to the reduction of implicit price of energy making it 

more affordable, therefore, leading to the more extensive use of energy, the phenomenon 

called “rebound” or “takeback” effect. He states that even though energy efficiency will 

obviously provide significant benefits such as energy savings and more efficient economy, 

the energy efficiency itself may not be considered as “environmentally friendly”. 

 

Even though Herring and Roy (2007) admit that in scientific society there is no disagree-

ment on the existence of the rebound effect, this issue has been a matter of a long term 

academic discussion. The researchers state that in order to determine energy efficiency 

rebound effect it is significantly important to analyze precisely such terms as “energy con-
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servation” and “energy efficiency”. Despite the fact that these terms are usually applied in 

academic researches correspondently, Herring and Roy (2007) define energy conservation 

as a reduction of energy consumption, while energy efficiency as a ratio of useful output to 

the energy input. While the concept of rebound effect is defined in academic literature as 

increased energy consumption resulting from the improvement of energy efficiency, the 

question of the nature and magnitude of phenomenon still attracts significant academic 

attention (Sorrell and Dimitropoulos, 2008). Herring and Roy (2007) state that the issue of 

magnitude of the rebound effect might be considered as a core problem within this research 

domain and might be summarized as a question of whether the energy use would be higher 

or lower with the assumption that there had been no efficiency improvement. Another con-

ceptual problem claimed in academic literature is the significant differentiation of rebound 

effects due to the end use of energy, economic sector or the level of analysis (Sorrell and 

Dimitropoulos, 2008).  

 

In academic literature one may find three types of energy efficiency rebound effects: direct 

rebound effect, indirect effect and economy wide effect (Herring and Roy, 2007). The di-

rect rebound effect implies that the increase in energy consumption induced by the energy 

efficiency improvement will offset the energy savings caused by energy efficiency im-

provement. Indirect effect involves changes in the demand for other services and products 

that also lead to the increase in energy consumption. Economy wide effects are associated 

with the reduction of price for different products and services caused by the reduction of 

energy price. 

 

The majority of academics state that in order to analyze the paradox of energy efficiency 

rebound effect it is highly important to determine carefully the goal of energy efficiency 

measures. Herring (2006) states that despite the significant improvements of energy effi-

ciency in Europe over the past 25 years, the total level of energy consumption increased. 

Accordingly, the researcher argues that even though energy efficiency provides savings of 

energy costs it cannot be considered as a solution to the problem of global warming and 

climate change.  
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2.3 Energy Management 

Considering the issue of efficient use of energy resources, academics admit that implemen-

tation of energy efficiency technologies is not the only way to improve the level of energy 

efficiency. The empirical study performed by Backlund et al. (2012) has proved that one of 

the most cost-effective ways to increase the level of energy efficiency is to combine the 

investment in energy efficient technologies with implementation of energy management 

practices. Schulze et al. (2016) also consider energy management as one of the most prom-

ising ways to reduce energy consumption and energy costs.  

 

2.3.1 Energy Management Practices 

The issue of energy management can be considered as extensively studied research prob-

lem. The analysis of academic literature has shown that the main research focus within this 

field is the process of implementation and operation of energy management in order to 

ensure energy efficiency and energy costs reduction (Schulze et al., 2016). Regarding the 

term “energy management” Backlund et al. (2012) claim that academic literature lacks 

common holistic approach to this term. In order to bridge this theoretical gap, Schulze et 

al. (2016) have selected several academic definitions of this term in order reveal the variety 

of definitions of energy management existing in academic literature (Table 4). 

 

Table 4. Definitions of energy management in the literature according to Schulze et al. 

(2016). 

Source Definition 

O'Callaghan and Probert, 1977, p. 128 

“Energy management applies to resources as well as 

to the supply, conversion and utilization of energy. 

Essentially it involves monitoring, measuring, re-

cording, analyzing, critically examining, controlling 

and redirecting energy and material flows through 

systems so that least power is expended to achieve 

worthwhile aims.” 

Kannan and Boie, 2003, p. 946 

“Energy management is the judicious and effective 

use of energy to maximize profits and to enhance 

competitive positions through organizational 

measures and optimization of energy efficiency in 

the process.” 
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Table 4. Continued 

Association of German Engineers, 

2007, p. 3 

“Energy management is the proactive, organized and 

systematic coordination of procurement, conversion, 

distribution and use of energy to meet the require-

ments, taking into account environmental and eco-

nomic objectives.” 

Capehart et al., 2008, p. 1 

“To us, energy management is: The efficient and 

effective use of energy to maximize profits (mini-

mize costs) and enhance competitive positions.” 

German Energy Agency, 2010, p. 9 

“Energy management is considered as the proactive 

and systematic coordination of procurement, conver-

sion, distribution and use of energy within a compa-

ny, aiming on continuously reducing energy con-

sumption and related energy costs.” 

Abdelaziz et al., 2011, p. 154 

“Energy management is the strategy of meeting en-

ergy demand when and where it is needed. This can 

be achieved by optimizing energy using systems and 

procedures so as to reduce energy requirements per 

unit of output while holding constant or reducing 

total costs of producing the output from these sys-

tems.” 

Bunse et al., 2011, p. 668 

“In our research we define ‘energy management in 

production’ as including control, monitoring, and 

improvement activities for energy efficiency.” 

German Federal Environment Agency, 

2012, p. 16 

“Energy management comprises the total of planned 

and executed actions in order to ensure a minimum 

of energy input for a predefined performance.” 

Ates and Durakbasa, 2012, p. 81 

“Energy management (EM) is considered a combina-

tion of energy efficiency activities, techniques and 

management of related processes which result in 

lower energy cost and CO2 emissions.” 

Source: Schulze et al. (2016, p.3694) 

 

They emphasize that despite the fact that majority of academic definition of energy man-

agement covers the implementation of new energy efficient technologies, energy manage-

ment also requires continuous process of care and maintenance in order to extend the peri-

od of efficient operation. Ates and Durakbasa (2012) consider energy management as a 

combination of different energy efficiency practices and measures aimed at reduction of 

energy costs and CO2 emission. Another approach to define energy management was pro-

posed by Abdelaziz et al. (2011, p.154), who stated that “energy management is the strate-
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gy of meeting energy demand when and where it is needed”. These researchers state that 

the key purpose of energy management is to reduce energy costs per unit of output while 

keeping constant or reducing the total costs of production.  

 

In order to reach its key objective – to minimize energy costs without compromising the 

quality and production as well as to minimize environmental effect – an extensive energy 

management program should include the organizational structure, policy and plan for au-

dit, education, reporting and strategy (Abdelaziz et al., 2011). In order to be successful, 

energy management program should rely on three strands: energy audit for getting 

knowledge about energy consumption and flows, training program to improve the under-

standing and experience within this field and maintenance aimed at keeping all the opera-

tions. Backlund et al. (2012) also mention long-term energy strategies, committed and 

skilled energy managers among success factors of energy management. The majority of 

academics consider the continuity as a key success factor for energy management pro-

grams. Some of them also state that the comprehensive system of data gathering and analy-

sis might facilitate the investment in energy efficient technologies by revealing existing 

inefficiencies and ways of energy system optimization (Backlund et al., 2012). 

 

Energy management is considered by academics as an effective mechanism to overcome 

existing energy efficiency barriers (Thollander and Ottosson, 2010). However, despite all 

the benefits of energy management programs, the rate of its implementation cannot be con-

sidered as extensive – the research performed by Christoffersen et al. (2006) shows that 

only 3-14% of studied companies have implemented energy management practices. In aca-

demic literature one may find an extensive amount of papers considering the problem of 

low priority of energy management within company’s strategic agenda. Thus, Thollander 

and Ottosson (2010) report the low rate of implementation of energy management practices 

among Swedish energy-intensive industries such as mills and foundry industry. They argue 

that proceeding from the fact that even energy-intensive industries do not prioritize energy 

management practices in its strategic agenda, there is no chance that energy management 

will be prioritized in not energy-intensive industries. Therefore, the significant untapped 

potential of cleaner and more environmentally friendly production might be revealed with-

in industrial sector (Thollander and Ottosson, 2010).  
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Another issue attracting significant academic attention is the components of energy man-

agement. Academic literature provides an extensive variety of requirements towards ener-

gy management. Energy management, being a complex system, may include different 

measures and instruments from long-term strategic plan and energy policy to top manage-

ment commitment. Thus, the majority of papers written on energy management contributes 

to this research problem. In this regard, Christoffersen et al. (2006) consider planning and 

implementation of energy efficiency measures as a key minimum requirement to energy 

management. They also highlight the importance of long-term strategic plan covering en-

ergy policy and quantitative measurable energy savings targets. Another important issue 

emphasized by the researchers is proper allocation of tasks and responsibilities that is high-

ly relevant for successful integration and operation of energy management (Christoffersen 

et al., 2006). 

 

Thollander and Ottosson (2010) also consider long-term strategic planning and implemen-

tation of energy-efficiency measures as fundamental components of energy management. 

However, they claim that in terms of successful energy management practices it is highly 

important to conduct energy audit in order to reveal potential for energy efficiency im-

provement. Monitoring of energy consumption related to production process performed 

continuously in a regular manner is also admitted to be relevant in terms of efficiency of 

energy management practices. The system of monitoring of energy consumption through 

sub-metering is considered to be highly important in order to allocate energy costs on the 

basis of real energy consumption of each department. Another issue that Thollander and 

Ottosson (2010) included as a requirement for energy management system is commitment 

of top-level management to the implementation of energy management practices. They 

consider top management support as a significant driver for development and adaptation of 

a long-term energy strategy.  

 

Abdelaziz et al. (2011) also determine the priority of long-term energy strategy in order to 

establish energy management. They also claim that implementation of energy management 

system requires a company to conduct energy audit on a regular basis. The researchers 

consider that one of the most important elements within establishment of energy manage-

ment practices is the implementation of specific projects and measures aimed at energy 

savings. Therefore, among the main components of effective energy management program 
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they distinguish organizational structure, plan and policy for audit, educating, reporting 

and strategy. According to Abdelaziz et al. (2011) energy management is considered to 

provide energy savings through energy audit, energy efficiency courses and training pro-

grams as well as through further maintenance. However, being more focused on the analy-

sis of energy audit as a fundamental element of energy management these researchers still 

consider the reporting system of energy audit results as an inherent requirement to com-

prehensive energy management. They claim that energy reporting system should by based 

on the cross-divisional energy management department headed by energy manager, who is 

reporting the performance progress regularly directly to the top management of a company 

(Abdelaziz et al., 2011). 

 

One may conclude that in academic literature it is possible to find different approaches to 

the issue of requirements to the components of energy management. However, two ele-

ments might be distinguished that are admitted to be important by all the considered re-

searchers. Academics conclude that in order to establish comprehensive energy manage-

ment energy policy and strategic energy plan revealing particular measurable energy tar-

gets should be developed within the company (Christoffersen et al., 2006; Thollander and 

Ottosson, 2010; Abdelaziz et al., 2011). The researchers also concur that planning and im-

plementation of energy efficiency measures and projects aimed at improving energy effi-

ciency is also inherent component of energy management.  

 

However, despite the emphasized in academic literature importance of strategic priority of 

energy issues within company’s agenda, it is still unclear how to introduce energy man-

agement in the strategic agenda of energy-intensive companies. Accordingly, Rudberg et 

al. (2013) argue that in order to establish a strategic priority of energy management system 

within the company several prerequisites should be fulfilled. Among such essential re-

quirements they distinguish integration within the company’s organization structure the 

position of energy manager, who is responsible for corporate energy management, aware-

ness of the core importance of energy to the business and commitment to the energy effi-

ciency. However, they also claim that cohesive governmental policy framework should be 

introduced in order to reduce the perceived by business risk of energy efficiency invest-

ment (Rudberg et al., 2013). 
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2.3.2 Energy Policy Framework 

One of the key trends over the last 20 years is energy efficiency improvement in the global 

energy balance (Geller et al., 2006). Academics admit that majorly these results were 

achieved by extensive energy efficiency policy instruments implemented in OECD coun-

tries. Most of these policies are aimed at reduction of CO2 emission in order to mitigate 

climate change and, therefore, are focused on energy-intensive industries. However, the 

research of UK Climate Change Agreements (CCAs) and related energy-efficiency policies 

for energy-intensive industrial sector shows that incentivized energy-efficiency improve-

ments result not only in reduction of energy consumption but also yield macroeconomic 

benefits such as small increases in GDP and employment rate as well as advantages in 

global competitiveness (Barker et al., 2007).  

 

Within the particular research scope it is highly relevant to give brief overview of the con-

cept of energy policy framework since energy policy is commonly admitted to be one of 

the effective ways to address energy efficiency barriers that will consequently lead to high-

er implementation rate of different energy efficiency measures and projects (Rohdin and 

Thollander, 2006; Chai and Yeo, 2012; Trianni et al., 2013). Abdelaziz et al. (2011, p.163) 

define energy policy as “the manner by which a given entity (often governmental) has de-

cided to address issues of energy development including energy production, distribution 

and consumption”. They consider following components of energy policy: legislative 

framework, international agreements, investment incentives, taxation, energy efficiency 

standards, labels, guidelines. All these tools and initiatives are derived from the nature of 

interrelations between industry and government presented as a framework of incentive and 

information “streams” developed by Tanaka (2011). (Figure 4 See following page) 
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Source: Tanaka (2011) 

Figure 4. Incentive and information “streams” between government and industry.  

 

The analysis of academic literature shows that one may find an extensive amount of poli-

cies and measures aimed at improving industrial energy efficiency. Besides the growth of 

existing worldwide energy efficiency policies, Tanaka (2011) admits the shift of the poli-

cy’s focus from energy conservation to energy efficiency. Within such a significant variety 

of policy tools and mechanisms Abdelaziz et al. (2011) distinguish following initiatives: 

regulations/standards, fiscal policies, agreements/targets, reporting/benchmarking.  

 

In the same vein, Tanaka (2011) having analyzed more than 300 policies worldwide has 

developed a typology of energy efficiency policy for industrial sector. Within this typology 

tree main types of policies are distinguished: prescriptive, economic and supportive. Pre-

scriptive policies include regulations, agreements, standards and other legislative regula-

tions. Within economic type one may find energy taxation system, tax reductions, financial 

incentives and differentiation of energy prices. While supportive type encompasses poli-

cies for identification of energy efficiency opportunities, advisory services and cooperation 

and partnership programs.  
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Evidently, each specific economic, social and business environment requires a unique poli-

cy mechanism adjusted for particular industry or country. Academic research shows the 

extensive variety of existing measures and policies as one may hardly find a universal poli-

cy framework applicable for different settings, therefore, (Tanaka, 2011).  

 

Within this chapter the analysis of particular energy efficiency policy framework is pre-

sented for two countries – Russia and Canada. The importance of analysis of Russian poli-

cy framework is explicit accordingly to the scope of this research. The choice of Canada as 

a reference country for the analysis of energy efficiency policy framework is also justified 

by several reasons. First, Canadian mining sector has a significant importance on the na-

tional as well as on the global basis contributing around 2,8% of Canada’s Gross Domestic 

Product (GDP) and being in top five countries for production of 11 minerals (Levesque et 

al., 2014). Second, Canada is admitted to be among the leading countries in terms of de-

velopment of energy efficiency policy framework implementing significant amount of 

measures and initiatives to enhance industrial energy efficiency (Tanaka, 2011).  

 

Canada 

The Canadian Industry Program for Energy conservation (CIPEC) can be considered as 

one of the first steps towards building industrial energy policy framework. Being estab-

lished in 1973, this voluntary program was aimed at promoting of energy efficiency 

measures within industrial companies. The first step for the participants of this program 

was to identify energy efficiency opportunities, address relevant energy efficiency barriers. 

Within the further stage they developed and implemented strategies in order to fulfill these 

opportunities. Also this program implied annual measuring and reporting on the success of 

implemented measures (Abdelaziz et al., 2011). As a result the holistic framework of gov-

ernment energy efficiency policy regulation was developed. Thus, the analysis of Canadian 

energy policy performed by Tanaka (2011) shows that energy efficiency policy framework 

includes regulation for efficiency of process and equipment, energy tax reduction, financial 

incentives (subsidy) and policies for identification opportunities.  

 

All implemented policies are interrelated in order to enhance mutual effectiveness. Thus, 

Capital Cost Allowance system was established to promote investment in energy efficient 

equipment. Additionally, the regulations for energy efficiency requirements to equipment 
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and processes were developed. For identification of industrial energy efficiency opportuni-

ties several measures were implemented such as Efficiency Measures Program and 

EcoEnergy Program covering data collection and reporting process, benchmarking and 

energy audit (Tanaka, 2011). All these implemented measures and policies led to signifi-

cant increase of energy savings in Canada’s industrial sector (Abdelaziz et al., 2011). 

 

Russia 

Russia is admitted to be the fourth-largest consumer of primary energy, however, within 

academic literature one may not find an extensive amount of research of Russian energy 

policy. High relevance of energy efficiency issues for Russia is justified by the high share 

of energy consumption per unit of GDP, which is considered to be two times bigger that 

average of International Energy Agency (International Energy Agency; 2014). Such situa-

tion provides significant opportunities to exploit this energy efficiency potential and in 

2007 Russia stated an ambitious goal to decrease the energy intensity of its GDP by 40% 

by 2020. 

 

The first step towards building legislative and policy framework promoting energy effi-

ciency was a program “On Energy Efficiency and the Development of Energy” launched 

by the Ministry of Energy. This program involved several energy efficiency measure 

aimed at reduction of energy intensity of Russian economy. One of such measures was 

implementation of mandatory system of energy audit for industrial companies. However, 

since the fee for incompliance was considerably irrelevant, the Ministry of Energy received 

less than 1% of mandatory audit reports of an adequate quality. Another policy initiative 

implemented within this program was capital allowance for approved energy efficient 

equipment and decreased corporate property taxation for such assets. However, Interna-

tional Energy Agency reports that these measures didn’t lead to significant results claiming 

also that one of possible ways to enhance energy efficiency is to develop the market for 

ESCO (International Energy Agency; 2014). 

 

In the same vein Tanaka (2011) having performed the analysis of existing Russian energy 

policies has revealed only directed financial incentives (subsidy) and identification of en-

ergy efficiency opportunities. The analysis of the results of this research leads to the con-
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clusion that Russian industrial energy efficiency policy can be regarded as less developed 

as compared to all other considered countries. 

 

2.3.3 Energy Management Standards 

Despite all the benefits that energy management system provides, the process of industrial 

implementation of energy management practices can be considered as challenging. 

McKane (2010) claims that as far as industrial process involves very complex systems of 

equipment and human interface, effective implementation of sustainable energy efficiency 

programs requires system thinking approach. The researcher states that companies that 

consider energy as a manageable resource try to integrate energy programs into their eve-

ryday management practice seeking opportunities for optimization of energy consumption. 

However, as Dörr et al. (2013) state companies may face many problems while implement-

ing energy management practices as there is no particular procedure for integrating energy 

management practices in company’s routine operational practices. The researchers claim 

that among the main disincentives following factors might be distinguished: the cost of 

integration of energy management system, the implementation process itself, resource dis-

tribution. In this context the standardization of the process of energy management imple-

mentation addresses the majority of discouraging factors preventing potential users of en-

ergy management systems from its implementation. 

 

The process of implementation of energy management systems is covered by the interna-

tional standard ISO 50001:201 -"Energy Management Systems - Requirements with guid-

ance for use". The purpose of energy management system standard is to provide a guidance 

for organizations seeking to integrate energy efficiency issues in its everyday management 

practice (McKane, 2010). This standard includes organizational aspects, systematical and 

technical ones. Organizational aspects consider the organizational process and determine 

all the responsibilities and duties for different roles within the organization. While system-

atical and technical aspects cover such stages as conception, planning, realization, check-

ing and adaptation. However, academics admit that ISO 50001 provides just a framework 

of general requirements, while particular implementation of energy management practices 

is under company’s responsibility. Among main challenges that a company is facing dur-

ing the implementation stage academics distinguish assessment of initial position, deter-
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mining main fields of energy consumption and further measures to perform continuous 

improvement process (Dörr et al., 2013).  

 

Anisimova (2013) states that all energy management standards are based on the same con-

ceptual model – Deming Cycle – including four sequential stages –Plan, Do, Check, Act. 

Within the standard this cycle is represented through the following stages (Figure 5).  

 

Source: ISO 50001 (2011) 

Figure 5. Energy management system model 

 

Within the management cycle Plan-Do-Check-Act Cycle each stage implies particular pro-

cesses to be performed in order to fulfill this stage. The initial “Plan” stage involves estab-

lishment of energy management system, demonstration commitment of top management, 

appointment of energy manager, definition of energy policy, development of energy plan, 
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identification of legal and other requirements related to energy, establishment of energy 

baseline, definition of energy performance indicators, energy objectives, targets and action 

plan. The “Do” stage implies the process of implementation and operation which involves 

implementation of energy plans, employees’ active involvement in energy management, 

process of internal and external communication, documentation management, control, en-

ergy efficiency procurement and design. The “Check” stage implies different types of 

monitoring, analysis, evaluation, audit and implementation of different corrective and pre-

ventive activities. The final stage, “Act” involves review of energy management. There-

fore, ISO 50001 represents a model for managing activities related to energy that provides 

a good support for improving energy management within industries with structured pro-

duction process (Jovanović and Filipović, 2016). 

 

However, Jovanović and Filipović (2016) argue that being intended for certification pro-

cess, this standard does not consider the difference in maturity of certified organization. In 

order to bridge this gap they have developed ISO 50001-based energy management maturi-

ty model (EMMM50001) differentiating five levels of maturity of ISO certified organiza-

tions: initial, managed, defined, quantitatively managed and optimized. The researchers 

conclude that such differentiation shows that organizations certified according to the ISO 

50001 differ in terms of the extent of energy management system’s implementation. In the 

same vein, Dörr et al. (2013) conclude that energy efficiency improvement requires a com-

bination of organizational and technical aspects. In this regard they argue that while organ-

izational aspects are covered within ISO 50001, technical aspects still remain unclear. 

 

In academic literature ISO 50001 is compared with another international standard of ener-

gy management –The European Standard EN 16001 on Energy Management Systems that 

particularly has been replaced by ISO 50001. Even though both standards have similar 

structure, academics admit discontinuity between these two standards. Three key differ-

ences might be distinguished between these two standards: management responsibilities, 

“Plan” stage and “Do” stage (Duglio, 2011). Within the management responsibilities, ISO 

50001 highlights a key role of top management, who is considered to determine energy 

policy, state the objectives, allocate the resources and define operational functions. In 

terms of “Plan” stage ISO 50001 emphasizes the importance of energy analysis within 

“Energy Review” section. As a result of this analysis, according to the ISO 50001 energy 
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reference data should be established in order to monitor the changes in company’s energy 

performance through different indicators. However, Duglio (2011) argue that the process 

of choosing such indicators might provide challenges as there is no clearly defined meth-

odological approach. Regarding “Do” stage ISO 50001 is shifting focus to design and pro-

curement of services, products, equipment and energy. In this sense, Duglio (2011) pro-

poses to use such tools as Life Cycle Analysis in order to plan during design stage all is-

sues that may have significant impact on energy consumption. 

 

2.4 Summary 

The performed literature review shows that the issues of energy efficiency attract signifi-

cant academic attention. This fact is justified by the extensive amount of scientific papers 

within this research topic. However, the analysis of academic literature has revealed sever-

al theoretical gaps unbridged by existing academic researches. Thus, one may admit the 

lack of scientific research focused on industry specific issues of energy efficiency. The 

performed analysis shows that there is scarce academic knowledge on energy efficiency in 

mining industry, particularly, gold mining industry. Even though one may find some arti-

cles related to analysis of energy efficiency of gold mining from technological point of 

view, academic literature lacks knowledge on industry specific aspects of energy manage-

ment in gold mining.  

 

However, such research focus should be considered as relevant in terms of particular busi-

ness environment in the gold mining industry. Furthermore, considering energy efficiency 

barriers one may find scarce research considering the relevance and priority of theoretical 

energy efficiency barriers for such energy intensive industry as gold mining. Furthermore, 

lack of empirical studies on energy efficiency barriers is also admitted by some scholars 

(Trianni et al., 2013). 
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3. METHODOLOGY 

The research methodology is one of the fundamental issues in order to ensure the quality of 

research. Carefully planned and designed research methodology has a significant influence 

on the credibility of research findings. This section explicitly describes the methodological 

approach implemented in this study.  

 

The “Methodology” section is divided into five subsections each revealing a particular 

relevant aspect of research methodology. Within “Research design” subsection research 

approach and research strategy are revealed, research objectives and research question are 

stated. “Case Description” section provides information about the case of this research and 

case company. “Data collection” and “Data Analysis” are presenting the main information 

on the sequence of stages of data collection process and determining methods and tech-

niques of data analysis. Within “Data Quality” section considers the way how issues of 

data quality were addressed within particular research methodology.  

3.1 Research Design 

This research is focused on the issue of energy efficiency in a context of a gold mining 

industry. The fundamental research goal is to identify the ways of energy efficiency im-

provement relevant for a gold mining company, therefore, main research question (RQ) 

can be stated as follows: 

 

“How to improve energy efficiency of a gold mining company?” 

 

In order to answer the main research question as well as to reach the research goal three 

research questions were formulated in an effort to address two research objectives. Sum-

marized research design including research objectives, questions, methods of data collec-

tion and analysis as well as anticipated research results are presented in Table 5. (See fol-

lowing page) 
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Table 5. Research Design 

  

Research Objective Research Question 
Research 

Stage 

Research 

Method 
Data collection Results 

To analyze the energy 

performance of a gold 

mining company 

RQ1. How energy per-

formance is integrated 

within company’s man-

agement system? 

Pilot 

Study & 

In-depth 

Analysis 

Mixed-method 

research 

 Semi-structured 

Interviews 

 Corporate reports 

 Government re-

ports 

 Corporate website 

 Corporate raw 

numerical data 

 Analysis of company’s energy 

consumption 

 Screening analysis of compa-

ny’s energy management prac-

tices 

 Methodology for comparison 

of energy performance of Rus-

sian and foreign gold mining 

companies 

To reveal the ways of 

energy efficiency 

improvement of a 

gold mining company 

RQ2. What are the main 

energy efficiency chal-

lenges that a gold min-

ing company faces? 

In-depth 

Study 

Multi-method 

qualitative 

study 

 In-depth inter-

views 

 Corporate data 

 Corporate reports 

 Allocation and analysis of en-

ergy efficiency barriers 

 Main energy efficiency chal-

lenges are identified for gold 

mining company 

RQ3. How to integrate 

energy management 

practices in the compa-

ny’s management sys-

tem? 

Multi-method 

qualitative 

study 

 In-depth inter-

views 

 Corporate website 

 

 Guidance for energy manage-

ment implementation within 

gold mining company 



56 

The methodological framework of this study is determined as a case study research. Stated 

research goal and objectives imply this research to be exploratory in its nature. Considering 

that the core purpose of this research is to get deep insights into the problem of energy ef-

ficiency in the context of a gold mining industry as well as to assess the considered re-

search phenomenon in a new light, exploratory study is one of the most appropriate strate-

gy to get a holistic comprehension of considered issue (Robson, 2002, p.55 cited in cited in 

Saunders et al., 2009). Even though exploratory research does not require rigid implemen-

tation of rigorous predetermined methodological plan, and might be criticized for lack of 

enquiry direction, the research problem of this particular study requires flexible and adapt-

able research strategy in order to adjust it to the changing settings.  

 

According to the outlined research framework (Table 5) this research employs a case study 

research strategy. Since the goal of this research arises “What?” and “How?” research 

questions case study research might be considered as a valid research strategy to address 

stated research questions and meet research objectives. Yin (2009) claims that case study 

might be considered as a useful means to get deep understanding of complex phenomenon 

and to get holistic perception of real-life events. Robson (2002, p. 178 cited in Saunders et 

al., 2009) considered a case study as “strategy for doing research, which involves an em-

pirical investigation of particular phenomenon within its real life context using multiple 

sources of evidence”.  

 

As a research strategy, case study implies the analysis of contemporary phenomenon in its 

real-life context when the boundaries between the phenomenon and its context cannot be 

distinguished clearly (Yin, 2009). This core attribute of case study determines its applica-

bility within the business studies and particularly within current research framework as 

issues of energy efficiency and energy management cannot be considered out of the con-

text of other organizational and managerial processes. Within this research framework sin-

gle case study research strategy is implied. Such research strategy is justified by the fact 

that an examined case might be considered as a critical one within gold mining industry. 

Since the analyzed company acquires one of the largest market shares in Russian gold min-

ing industry, the empirical study of energy efficiency practices based on this case may con-

firm or challenge existing theoretical propositions within this research field. For this reason 

extensive literature review is considered to be highly important within this research 
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framework in order to seek alternative explanations for considered research problem. Yin 

(2009) also states that according to the purpose of case study research strategy, the litera-

ture review is required not only to reveal answers to a particular research problem but to 

develop more thorough and precise questions within the research problem. 

 

In terms of unit of analysis this research can be admitted as a holistic case study since sin-

gle unit of analysis is considered within this research – energy efficiency in gold mining. 

Despite the holistic nature of case problem itself and infeasibility to define any analytical 

subunits, such analytical approach might provide threats to the accuracy of data collection 

and data analysis due to the abstract level of analysis (Yin, 2009). Therefore, perceiving 

the threats of single holistic case study strategy this research attempts to incorporate differ-

ent subunits of analysis of energy efficiency extending research focus to both technological 

and managerial aspects of energy efficiency in order to perform more holistic and exten-

sive case analysis. 

 

In order to meet stated research objectives multiple qualitative research methods were im-

plemented using different types of qualitative data, therefore, this research should be con-

sidered as multi-method qualitative study. Even though quantitative data collection tech-

niques were not applied, Table 6 shows that in order to answer the first research question 

(RQ1) primary raw numerical data on company’s energy consumption was analyzed using 

quantitative analytical procedures. Saunders et al. (2009) claim that mixed-method re-

search design allows to study different aspects of research problem, to enrich interpretation 

of results as well as to triangulate research findings. Regarding the time horizon of the re-

search framework, this research is a cross-sectional case study, where an examined phe-

nomenon is considered in a particular contemporary time. Even though longitudinal per-

spective enhances a research to obtain more extensive insights into research problem, the 

research focus of this study does not require long running research strategy.  

 

In order to fulfill the research objectives in a more holistic way, this research includes two 

distinguished stages: pilot study, aiming at screening analysis of company’s energy man-

agement practices and in-depth study focused on more deep and comprehensive under-

standing of energy efficiency challenges relevant for gold mining company. Both stages 

involve different methods and techniques of data collection and analysis.  
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3.2 Case Description 

Yin (2009) argues that one of the most important element of case study research design is 

to determine the unit of analysis or alternatively stated to define the “case” itself. He 

claims that the case should be derived from the stated research questions. Therefore, within 

this research framework accordingly to stated research questions the problem of energy 

efficiency of gold mining is considered as a core unit of analysis or as a case. Gold mining 

is highly energy intensive industry, therefore, it is highly relevant to analyze the problem 

of energy efficiency in a context of this industry. In order to justify appropriateness of a 

single case study research strategy, a case selection should be supported by the profound 

rationale. Within particular research framework a case company was selected through pur-

posive non-probability sampling technique given that the considered company might be 

regarded as a critical case for the current research field. 

 

For confidential purposes the name of case company cannot be revealed within this thesis, 

however, it should be admitted that considered case study organization is one of the big-

gest gold-producers in Russia. This group of companies produces gold, silver and copper 

and is considered to be leading gold and silver mining company, operating in Russia and 

Kazakhstan. Acquiring more than 10% of Russian market of gold production, this group of 

companies encompasses within its structure seventeen entities that are developing eight 

mining operational sites. Company’s asset’s portfolio includes total license area of more 

than 8 000 km2 and mineral resources base of more than14 million ounce of gold equiva-

lent. The company can be considered as a critical case within Russian gold mining indus-

try, therefore, purposive sampling technique is valid within this study. 

 

The company states a sustainable development as a fundamental goal of its business model 

bringing the energy efficiency issues on the top of its strategic agenda. However, despite 

this strategic priority of energy efficiency stated within the official corporate report, the 

same report declares the increase of energy intensity in 2014. Such a mismatch between 

strategical goals and real practice makes this case more thought-provoking in terms of con-

sidered phenomenon.  
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3.3 Data Collection 

This research framework involves qualitative data collection techniques including collec-

tion of both primary and secondary data. However, in order to address the research ques-

tions to full extent, analysis of raw numerical data on company’s energy consumption was 

also required. Hence, in order to embrace all the aspects of this research framework mixed 

research methods were implemented. The boundaries of data collection are defined by the 

case company. Yin (2009) states six main sources of data: documentation, archival records, 

interviews, direct observation, participant observation and physical artifacts. Within cur-

rent research primary data was collected through interviews and corporate documentation. 

Interviews can be considered as a valuable source of empirical evidence for a case study 

due to its purposeful nature and insightfulness, while corporate documentation represents 

stable, unobtrusive and precise source of primary data (Yin, 2009). Secondary data was 

also considered as an important source of empirical evidence within this research and was 

derived from company’s website, company’s report, government reports, and company’s 

database. Numerical data presented in relevant academic articles was also employed within 

this study in order to corroborate our results of raw data analysis. Therefore, it might be 

concluded that secondary data is represented majorly by documentary written materials.  

 

The process of data collection lasted 5 months and within this period three main stages 

might be distinguished.  

 

3.3.1 First Stage of Data Collection 

The first stage involved start up meeting with a company in order to clarify the research 

purpose, goal and objective. This round table session was followed by three pilot inter-

views with company’s executives responsible for company’s energy performance. In order 

to get more deep and holistic understanding of energy efficiency within the gold mining 

company, three high-ranking managers and executives of the same level of authority were 

chosen to be interviewed using purposive homogeneous sampling technique. The theoreti-

cal framework of this work implies that the issues of energy efficiency are covered by en-

vironmental management, as well as energy management. In order to embrace all these 

aspects the interviewees were chosen from environmental department, energy and power 

department and excellence operation department. All the interviewees are tightly related 

within their operational work to the energy performance of the company. The main pur-
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pose of these interviews was to perform a comprehensive screening analysis of company’s 

energy management practices, to analyze how energy performance is integrated within the 

company’s management system, to evaluate the strategic perspective of company’s energy 

performance and to define key challenges within this field. Each of three performed inter-

views lasted around 40 minutes. The interview guide for this stage was built based on the 

preliminary analysis of academic literature as well as analysis of corporate reports. It is 

worth mentioning that the findings of literature review guided the process of data collec-

tion and analysis during all the research. The interview guide covered the issues of strate-

gic perspective of energy efficiency issues within the company, existing energy manage-

ment system, allocation of duties and responsibilities for energy performance, analysis of 

energy efficiency and others. The structure of interview guide was generally presented by 

open and probing questions along with specific and closed questions. The full interview 

guide for the pilot interviews might be found in the Appendix A. Among others interview 

guide included following questions: 

 

 How energy efficiency is considered within your company? 

 How important are the energy efficiency issues within strategic planning of your 

company? 

 Do you have energy management practices? 

 Do you have centralized energy management? 

 How do you analyze and control the level of energy consumption? 

 Do you consider the energy consumption to be analyzed and measured within every 

process of mining production process? 

 How do you measure energy efficiency performance? 

 What type of energy efficiency performance indicators do you use? 

 How does energy efficiency performance influence the cost of production? 

 What is the focus area for your department from the point of view of energy effi-

ciency? 

 

After the subsequent analysis of results of pilot interviews and secondary corporate infor-

mation, as well as more extensive analysis of relevant academic literature the request form 

for process-oriented energy performance analysis was designed to be filled in with raw 

numerical data on company’s energy consumption (Appendix B).  
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3.3.2 Second Stage of Data Collection 

The second stage of data collection process started when a company has delivered all the 

relevant documentation revealing the data on energy consumption as required by the data 

collection form (Appendix B). The majority of received documents were in a form of Ex-

cel files. Having received all the necessary documents, the process-oriented energy per-

formance analysis was conducted based on the raw company’s data seeking to answer the 

first research question (RQ1). In order to get more holistic understanding of the level of 

company’s energy performance, the results of energy performance was analyzed as com-

pared to the data obtained from reference case. Within current research framework the re-

sults of performed process-oriented energy performance analysis were tested against the 

results of benchmarking analysis of energy consumption of Canadian open-pit gold mines 

(Mining Association of Canada, 2005).  

 

The choice of Canada as a reference country is justified and explained in the “Literature 

Review” chapter (See subchapter 2.3.2 Energy Policy Framework).  The data for per-

forming comparative analysis was searched in the academic literature. However, the report 

of Mining Association of Canada (2005) revealing the results of benchmarking analysis of 

energy consumption of Canadian open-pit gold mines was the only reliable data source that 

corresponded to the specific requirements of this research. It is interesting to notice that the 

lack of empirical data on the energy consumption of Canadian mining industry is shared 

among researchers. Thus, Levesque et al. (2014, p.252) claim: “The Canadian government 

has published statistics relating to the mining industry for many years. Although there is 

plenty of data, not all the information required for a complete energy efficiency analysis is 

available”. Therefore, lacking the reliable empirical data on energy consumption of Cana-

dian gold mining companies such source of secondary data was accepted as a reference 

case.  

 

3.3.3 Third Stage of Data Collection 

Based on the results of screening analysis and process-oriented energy performance analy-

sis as well as on the results of an extensive literature review, an interview guides were de-

signed for the third stage of data collection process. Within the third stage of data collec-

tion in–depth expert interviews were performed with the Chief Energy Engineer of Project 

Management Department, who is responsible for all energy efficiency issues within the 



62 

company, and the Head of Planning and Economic Department of one of the operating 

gold mine sites. The interview with the Head of Planning and Economic Department lasted 

around two hours and was unstructured in its nature, while the interview with the Chief 

Energy Engineer took around one hour and a half and followed the interview guide derived 

after the first expert interview and additional literature review. The interview guide in-

cludes mainly open and probing questions, however, specific and closed questions were 

also relevant for the research purpose. The detailed interview guide is presented as Appen-

dix C, while following questions describe brief agenda of interviews: 

 

 Do you have energy policy in the company? 

 Is there any cooperation in terms of energy efficiency practices between dif-

ferent mining sites? 

 How responsibilities for energy efficiency are allocated within the compa-

ny? 

 How energy planning is performed within the company? 

 How energy savings initiatives might be implemented within the company? 

 How do you measure and analyze energy losses? 

 Do you assess potential energy savings? 

 Are you participating in any governmental legislative program? 

 Is there a position of energy manager within the company? 

 

It is worth mentioning that analysis of secondary data has made a significant contribution 

to this research framework. Using such information sources as corporate reports, corporate 

website and governmental reports facilitated perceiving more holistic understanding of 

considered phenomenon as well as corroborating the empirical findings.  

 

3.4 Data Analysis 

Among four general strategies of case study evidence distinguished by Yin (2009), “fol-

lowing theoretical propositions” is one of the most appropriate within this research frame-

work. The design of this research was presumably based on the theoretical proposition that 

implementation of energy management practices is one of the most cost-effective way to 

improve energy efficiency of a gold mining company. Following this proposition, data 
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analysis as well as data collection process should be focused on specific issues as well as 

on specific analytic techniques. Yin (2009) claims that data analysis is considered to be the 

most challenging process within the case study research. Within this research the analysis 

of collected data is becoming more complicated due to the fact that data is heterogeneous 

in its nature including primary qualitative data, primary raw numerical data and secondary 

qualitative and numerical data. Therefore, in terms of data analysis there should be distin-

guished the analysis of qualitative data (primary through interviews and secondary) and 

analysis of numerical data (raw and secondary). 

 

The analysis of qualitative data involves summarizing, categorization and structuring. The 

explorative nature of this study implies more inductive research approach, however, to 

some extent, deductively based analytical procedures such as pattern matching and expla-

nation building were also implemented within this study. Even though this procedure is 

more relevant for explanatory studies, for exploratory case study the key goal of deductive-

ly based analytical procedures is not to provide conclusions but to generate questions for 

the future research (Yin, 2009). All the qualitative data was analyzed manually without 

using any data analysis software. The key aim of qualitative data analysis was to recognize 

relations and develop well-grounded conclusions. However, it should be noticed that the 

process of data analysis is tightly related to the process of data collection. Therefore, care-

fully designed purposeful data collection facilitates process of comprehensive data analy-

sis. 

 

The analysis of raw numerical data was based on quantitative data analysis techniques. 

Even though this data was not collected through questionnaires or other methods of quanti-

tative data collection, analysis of this data implied using mathematical tools. The key idea 

of process-oriented energy analysis is to build a graph reflecting the allocation of total en-

ergy consumption (as well as per unit of useful output) to a particular stage of a production 

process. Such approach allows to compare energy consumption of different companies not 

only from the overall perspective but also in more detailed and precise way. The developed 

methodology of quantitative data analysis together with qualitative data is highly relevant 

in order to address the research questions and provide reliable conclusions. The detailed 

algorithm of performed data analysis is presented in “Results” section.  
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3.5 Data Quality 

The issue of credibility of research findings is influenced significantly by the process of 

data collection and analysis, therefore, Saunders et al. (2009) claim that issue of credibility 

of research findings is underpinning the research design. Case study as a research strategy 

draws some criticism and skepticism towards the credibility of its results. Referring to such 

reasons as lack of rigor, biased findings and conclusion, extensive amount of research data 

and non-experimental nature, Yin (2009) states that a case study is disdained by many re-

searchers. The implementation of case study within particular research is justified by stated 

research objectives and goals that can be reached only through case study strategy. Lack of 

generalizability as an inherent threat of case study is not significant within this research 

due to the criticalness of the considered case.  

 

In order to construct validity of current research design, multiple sources of evidence were 

employed during data collection process. Involvement of different types of data in a re-

search design such as primary and secondary data, qualitative and numerical data facili-

tates the implementation of one of the most critical requirements to case study research 

strategy – triangulation. Yin (2009) states that use of different sources of evidence is a ma-

jor strength of case study research strategy. Hence, using different sources of evidence 

within this research data triangulation was introduces addressing potential problems of 

construct validity. Within this research three methods of triangulation were implemented: 

data source triangulation, triangulation of data collection method and data type’s triangula-

tion.  

 

Another principle of case study data collection aimed at establishing construct validity and 

reliability of case study evidence is to maintain a chain of evidence. This principle claimed 

by Yin (2009) implies traceability of all the evidence from the initial research question to 

the conclusions. Regarding the analysis of numerical data this principle was implement by 

providing explicit flow of all calculations and other mathematical analytical tools within 

the “Results” chapter of this thesis. In order to keep traceability of analytical conclusions 

derived from the qualitative analysis and to increase the reliability of entire research, a case 

study database was created aimed at organizing and documenting all the data related to 

case. However, it is not only the way of organizing the case study data that influences the 
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credibility of research findings. It is also highly important to ensure the reliability of data 

collection techniques and analytical procedures.  

 

Since the key case study data was collected through the semi-structured and in-depth inter-

views it is highly important to address the data quality issues. The lack of standardization 

inherent for these types of data collection techniques provides threats to reliability of re-

search findings. In order to reduce the influence of these negative factors several measures 

were implemented within this research. According to Saunders et al. (2009), preparation 

and precise planning of the interview is a key to its success. Ensuring the proper level of 

background knowledge, thorough analysis of academic literature was performed before the 

data collection process in order to get research questions more sharp and precise. There-

fore, each stage of empirical data collection was preceded by extensive literature review. 

All the interviewees were supplied with relevant information about the interview and inter-

view guides as well as they participated in the preliminary start up meeting with a compa-

ny, where research purpose, goal and objectives were clarified.  

 

The structure of the interview guide was also carefully designed in order to reduce the in-

terviewer bias and make interview results more reliable and easier to compare. As it was 

stated before interview guides consisted of different types of questions including open, 

probing, specific and closed. All the interviews were conducted in Russian language by 

Russian interviewer that might be consider as a strength in terms of the quality of results as 

it reduces the biases related to difference in cultural background. All the interviews were 

audio-recorded and subsequently transcribed by the author of this thesis. However, it 

should be noticed that subsequent translation of the interview transcription provides some 

threats to the credibility of research findings. Therefore, in order to minimize such threats 

and reduce the bias, the methods of peer-reviewing and reverse translation were imple-

mented. The additional notes were also taken during the interview in order to establish all 

the contextual and supplementary data.   
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4. RESULTS 

The “Results” chapter of this study includes three distinguished sections. The first one, 

“Screening Analysis”, reveals the results of the analysis of company’s energy management 

practices conducted within a pilot study. Following section, “Energy Performance Analy-

sis”, reveals the results of process-oriented energy performance analysis. Final section of 

this chapter “Energy Efficiency Challenges” tackles the issue of challenges that a gold 

mining company faces during the process of energy efficiency improvement. 

 

4.1 Screening Analysis  

The aim of screening analysis was to analyze how the issues of energy performance, par-

ticularly energy efficiency, are integrated in the company’s management system, to assess 

existing energy management practices and to analyze its strengths and weaknesses. Screen-

ing analysis was performed based on the primary qualitative data collected through semi-

structured interviews, and secondary data such as corporate report and corporate website.  

 

Company’s corporate strategy is declared to be focused on sustainable development claim-

ing that the company’s core objective is to create sustainable return for all stakeholders 

while fulfilling corporate responsibilities to society and environment. The concept of sus-

tainability within a company is analyzed in terms of three aspects: environmental, econom-

ic and social. In the case company energy issues are considered under the environmental 

aspect of sustainability and are admitted to be highly relevant due to its economic, envi-

ronmental and social impact. In order to present company’s sustainability performance in a 

holistic way, all the issues related to sustainability are revealed in the Corporate Sustaina-

ble Report prepared according to the Global Report Initiative’s (GRI’s) Sustainability re-

porting Guidelines. However, this report does not cover aspects of energy performance 

extensively. 

 

Having mapped out such corporate background, the first issue to be considered is the ap-

proach to energy efficiency adopted by the company. Performed pilot interviews show that 

all the experts share the same concept of energy efficiency, defining the main goal of ener-

gy efficiency as not to reduce absolute consumption of energy, but to increase the effec-

tiveness of energy use, therefore, to decrease energy intensity of one ton of ore processed. 



67 

“Energy efficiency in our company is not focused on the energy conservation, moreover, 

there is no target for us to decrease the level of energy consumption. Alternatively, we 

have a strategic goal stated by our management board to improve the efficiency of energy 

use, in other words, to increase the useful output derived from one energy unit”. 

 

As it was stated before a company adopts sustainable-oriented business model, therefore, 

the issues of energy efficiency are considered within company’s strategic agenda. All the 

respondents claimed that company’s top management is fully committed to the goal of 

sustainable development and energy efficient production process. “Energy Efficiency with-

in our company is considered to be one of the most important strategic initiatives as it pro-

vides cost reduction that in the context of a global competition leads to competitive ad-

vantage”. It is interesting to notice that results of interviews corroborate corporate report 

data, where energy efficiency is admitted to be a significant aspect of sustainability com-

mitment. Within sustainability focus areas, presented in the corporate report, the issues of 

energy efficiency are considered together with cost efficiency in “cost and energy efficien-

cy” unit, also corroborating the results of interview. “Energy efficiency within our company 

is covered by policy of cost reduction and effective use of resources”. All the interviewees 

claimed that as the majority of operating gold mining sites are located in remote areas, 

even small energy savings provide significant cost savings. “Keeping in mind geographical 

location of our sites, it becomes clear that significant amount of energy resources such as 

diesel fuel is transported by see. In this situation even small increase of energy efficiency 

will provide considerable savings”. However, despite such a significant strategic priority 

of energy efficiency issues within the company, there is no energy management as a dis-

tinguished management system. All the issues related to energy efficiency and energy con-

sumption principally are considered within environmental performance under the field of 

environmental management. 

 

In order to meet challenging goal of sustainable development, company pays considerable 

attention to its environmental performance. Environmental Management System, imple-

mented within the company as well as an extensive corporate Environmental Policy might 

be considered as an evidence for significant managerial attention to this field. Therefore, 

issues of energy efficiency are analyzed principally in terms of environmental impact of 

energy consumption such as CO2 emission that is considered to be a key performance indi-
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cator for Environmental Management System. “From the conceptual point of view, issues 

of energy consumption and environmental performance are interrelated within our compa-

ny. CO2 emission caused by energy consumption is one of the key performance indicators 

for our environmental performance, therefore, this aspect is covered within our Corporate 

Environmental Policy”. 

 

It is important to emphasize that even within Corporate Environmental Policy there is no 

distinguished section revealing energy efficiency aspects. “We don’t have a special distinct 

chapter in Environmental Policy dedicated to energy efficiency because this Policy is 

aimed at supporting Environmental Management System, in terms of which energy effi-

ciency practices are considered”. However, environmental management does not provide 

any methodology for calculating the reduction of CO2 emission related to the implementa-

tion of particular energy efficiency measure. 

 

Given that there is no distinguished energy management department in the company, issues 

of energy efficiency are analyzed within the Department of Operational Excellence. This 

department is not focused only on the issues of energy efficiency but considers optimiza-

tion of the whole production process concerning more effective use of all the required pro-

ductive resources. It is interesting to notice that such departments are organized not only in 

the corporate central headquarters but also in the local companies operating mine sites. 

”Since these departments are located in the operating sites itself, they may provide really 

valuable ideas and solutions to the problem of optimization of production process. All the 

ideas are subsequently transferred to the central headquarters where they are analyzed in 

more detailed way.” These local departments are also responsible for the analysis of energy 

consumption of the particular each mine site. In terms of personal managerial responsibil-

ity for energy efficiency issues and energy performance, in the company there is no posi-

tion of Energy Manager, while all the responsibility for energy conservation and energy 

efficiency is covered by Chief Energy Engineer of Project Management Department. Lo-

cally, in each mine site there is a position of Energy Engineer, who is responsible for ener-

gy consumption of a particular mine site.  

 

The analysis of energy consumption within the company is performed principally in terms 

of diesel fuel and electricity. ”If mining site is connected to the centralized electricity 
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transmission facilities, we analyze principally the amount of consumed electricity. Where 

there are no centralized electricity transmission facilities, we are producing electricity 

with diesel-generators, In this case diesel is the only energy resource used for both heating 

and electricity generation.” For mine sites with centralized electricity supply, coal is used 

for heating purposes, but the costs of coal are considered as immaterial enough in order not 

to take it into account within energy consumption analysis.  

 

The overall energy analysis is conducted separately for gold processing plant, maintenance 

facilities and living facilities. It is interesting to notice that within Energy and Power De-

partment analysis of energy consumption is principally focused on the processing plant 

because of the lack of methodological approach to perform process-oriented energy analy-

sis of entire process of gold mining. For all other mining operations the analyzed parameter 

is the amount of consumed diesel fuel by mining machinery fleet. “The process of gold 

mining is inherently energy intensive, however, the stage of ore processing requires the 

most significant amount of energy as compared to all other stages. Therefore, gold pro-

cessing plant is the most and foremost important unit of analysis.” In terms of gold pro-

cessing plant the energy consumption is analyzed in terms of energy consumed per 1 ton of 

ore processed. The total energy consumption per 1 ton of ore mined and processed is also 

calculated as total amount of energy consumed by mine site divided by the amount of ore 

processed. For the gold processing plant the main energy consumer is grinding mills, there-

fore, principally energy consumption is analyzed in terms of electricity consumed by 

grinding mills.  

 

Within the company there is no corporate standard regulating the process of energy analy-

sis. Locally, Energy Engineer of each mine site is obliged to deliver special corporate re-

port on energy consumption, however, interviewed Chief Energy Engineer admits that the 

detailed specification differs for all operating mines. The information on energy consump-

tion of mine sites collected from operational reports is analyzed as compared to the 

planned targets as well as to the previous year’s results. Based on this analysis energy effi-

ciency improvement can be evaluated. It is also important to notice that within the consid-

ered mining group internal benchmarking analysis is performed in order to evaluate the 

level of energy efficiency and energy consumption of each particular mine site.  
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The high priority of energy efficiency for company’s management implies implementation 

of energy efficiency measures. It is important to emphasize that according to interviewees, 

the range of energy efficiency measures applicable for gold mining process is limited by 

the technological process. They claim that it is a challenge for company to balance techno-

logical energy requirements and energy efficiency requirements. The process of gold min-

ing is energy intensive by its nature and the level of energy consumption of this process is 

principally determined by the technical characteristics of employed machinery. Therefore, 

the level of energy consumption of processing plant can be already determined within the 

design stage. In this regard, the Chief Energy Engineer admits that “The level of energy 

consumption is predetermined by technical parameters of the machinery and might not be 

changed significantly within operation stage. Therefore, the key goal for us is to perform 

within these planned targets. However, while designing new mine site we try to implement 

the most energy efficient machinery and equipment corresponding to stated requirements.”  

 

Considering particular energy efficiency and energy saving measures implemented within 

the company following measures might be distinguished:  

 

 Installation of Digital Control Systems (DCS) and Automated Metering 

Systems (AMS) to enable online management of operational processes 

 Installation of LED lightning 

 Installation of frequency control drivers and soft starters 

 Creation of optimal power backup system 

 Introduction of fuel and energy resource metering 

 

The energy efficiency solutions are analyzed for each particular production process con-

sidering all possible solutions for its optimization. “We try to consider all possible ways to 

improve the efficiency of resource use such as reuse of some resources. For instance, for 

some processes waste oils are used again for heating purposes.” The respondents claim 

that such incremental improvements are also very important for company in order to re-

duce energy consumption, however, it might not contribute to the energy efficiency im-

provement. It is also worth to mention that company’s management is highly interested in 

the development of renewable energy, however, previously performed researches and cal-

culation showed that from the investment perspective this option cannot be considered as 
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feasible. “Our board of management is significantly interested in the development of green 

energy but nowadays feasibility studies show that for us it is too “long” money and we 

cannot afford it.” 

 

In order to ensure the efficiency of energy use and to assess energy savings opportunity a 

Group-wide energy audits have been performed by external organization. As a result of 

such audit energy passports have been developed for machinery and equipment. However, 

interviewees claim that principally this audit was performed as compliance to the Federal 

Law of Russian Federation № 261 in part of energy assessment. It is also interesting to 

notice that all the interviewed experts consider the government policy in terms of energy 

efficiency as not sufficient for incentivizing and promoting energy efficiency improve-

ment. Therefore, they claim that government policy support is essentially important for the 

implementation of renewable energy projects. However, at the same time they admit that it 

is hardly feasible that government will provide any support for enabling energy efficiency 

improvement. ”Regarding government support it is quite difficult for us to judge since we 

have not received any government support related to energy efficiency issues. But I can 

hardly imagine that government would facilitate somehow the process of energy efficiency 

improvements or, for instance, would support us to install wind power generator.” 

 

The performed screening analysis has shown that in the case company issues of energy 

efficiency are of a high priority, however, within the company’s management system there 

is no energy management. Therefore, to large extent energy efficiency issues are consid-

ered within environmental management and are analyzed principally in terms of CO2 emis-

sion. There is no process-oriented approach to energy performance analysis, since there is 

no developed methodological framework. Also there is no energy management standard 

adopted in the company as well as there is no established corporate energy policy. Howev-

er, company’s business model is based on the goal of sustainable development and compa-

ny’s top management is significantly committed to the values of sustainability. In this con-

text more detailed analysis of company’s energy consumption is required.  
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4.2 Energy Performance Analysis 

The energy performance analysis was conducted in order to meet several objectives such 

as to reveal key patterns in company’s energy performance, to determine the most energy 

intensive stages of production process and to evaluate the overall level of energy efficien-

cy. Another important goal of this analysis was to analyze energy consumption of Russian 

gold mining company in comparison with its key foreign competitors. Pursuing this goal a 

methodological framework of process-oriented energy analysis was developed. In order to 

get comparable results this analysis partly followed the methodology of benchmarking 

analysis of energy consumption of Canadian open-pit gold mines conducted by Mining 

Association of Canada published in 2005.  

 

The process of gold mining might be performed through the underground mining and open 

pit mining. However, the considerable difference in technological process has a significant 

impact on energy consumption. Therefore, it should be noticed that the scope of empirical 

analysis of energy performance conducted within this study is limited to the open-pit gold 

mines.  

 

Based on the analysis of primary and secondary data, the technological process of gold 

mining production was divided into three main stages: Waste Rock Removing, Ore Extrac-

tion and Ore Processing. Each of these stages is subdivided into processes, which are the 

main units of process-oriented energy performance analysis. The conceptual model of gold 

mining process applied within this study is presented in a Table 6. 

 

Table 6. The model of gold mining production process. 

Stage of Production Process Process 

Waste Rock Removal 

Waste Rock Drilling 

Waste Rock Blasting 

Waste Rock Moving (Bulldozer) 

Waste Rock Transport 

Waste Rock Loading/Excavating 
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Table 6. Continued 

Ore Extraction 

Ore Drilling 

Ore Blasting 

Ore Moving (Bulldozer) 

Ore Loading/Excavating 

Ore Transport 

Ore Processing 

Crushing  

Grinding 

Pumping 

Other Processing 

 

This model of production process might be considered as simplified from the technical 

point of view as each process might be performed in different way using different type of 

equipment. However, within particular research framework such model is considered to be 

sufficient for meeting the research objectives. Based on this model a data collection form 

for process-oriented energy performance analysis was developed (Appendix B). However, 

the process of primary raw data collection showed that within the company data on energy 

consumption is not collected and analyzed process by process. Also it should be noticed 

that energy consumption of each process is measured in terms of particular energy resource 

consumed in this process as there is no methodological approach for energy conversion 

(Table 7). 

 

Table 7. Energy consumption indicators. 

Stage of Production Pro-

cess 
Process 

Energy Consumption 

Indicator 

Waste Rock Removal 

Waste Rock Drilling tons of diesel 

Waste Rock Blasting Kg of explosives 

Waste Rock Moving (Bulldozer) tons of diesel 

Waste Rock Transport tons of diesel 

Waste Rock Loading/Excavating tons of diesel 
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Table 7. Continued 

Ore Extraction 

Ore Drilling tons of diesel 

Ore Blasting Kg of explosives 

Ore Moving (Bulldozer) tons of diesel 

Ore Loading/Excavating tons of diesel 

Ore Transport tons of diesel 

Ore Processing 

Crushing kWhe of electricity 

Grinding kWhe of electricity 

Pumping kWhe of electricity 

Other Processing kWhe of electricity 

 

However, in order to analyze energy consumption in a holistic way, there is a need to de-

velop a methodology to bring all the data on energy consumption to the common standard 

for different energy resources employed during the process of gold mining. As it was stat-

ed before one of the objectives of this analysis is to compare energy consumption of Rus-

sian open pit gold mine with Canadian ones. This provides one of the methodological limi-

tations of this study as the time horizon of current research is different from Canadian 

benchmarking analysis. However, proceeding from the fact that the report published by 

Mining Association of Canada in 2005 is the only source of data on process-oriented ener-

gy consumption of Canadian gold open-pit mines, this limitation is perceived and accepted 

within this study. Comparative analysis, being not a key goal of current research, is aimed 

principally at getting more holistic understanding of energy consumption of Russian open 

pit gold mine site. It is also assumed that as a result of extensive energy efficiency policy 

framework implemented within Canadian energy intensive industries, the level of industri-

al energy efficiency in Canada has increased during the last 10 years, therefore, if the com-

parison performed based on this data shows the significant gap between Russia and Cana-

da, it might be assumed that currently this gap became more extensive.  

 

Within the benchmarking analysis of energy consumption of Canadian open-pit gold mines 

following conversion factors were applied (Table 8 See following page). 
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Table 8. Conversion factors applied within the benchmarking analysis of energy consump-

tion of Canadian open-pit gold mine. 

Energy Resource Unit kWhe/Unit 

Diesel L 10,74 

Explosives Kg 1,06 

Source: Mining Association of Canada (2005) 

 

Following presented approach, all the energy consumed during production process is 

brought to kWhe. However, it cannot be assumed that energy conversion factors would be 

the same for Russia and Canada. Therefore, specific conversion factors relevant for Rus-

sian gold mining industry were developed. Given standard calorific capacity of 1 m3 of 

diesel fuel in Canada and Russia as well as the density of diesel in Russia, conversion fac-

tor for transforming 1 L of diesel fuel to kWhe was calculated (Table 9). 

 

Table 9. Calculation of Conversion Factors for diesel fuel 

1 m3 diesel in Canada 38,68 GJ 

1 GJ 277,778 kWhe 

1 m3 diesel in Canada 10 744,5 kWhe 

1 L diesel in Canada 10,74 kWhe 

Density of 1 ton of diesel in 

Russia 850 kg/m3 

1 m3 diesel in Russia 32,3 GJ 

1 m3 diesel in Russia 8 972,2 kWhe 

1 L diesel in Russia 8,97 kWhe 

 

The developed methodology applied for Canadian data provides the same results as stated 

in the report of benchmarking analysis of energy consumption of Canadian open-pit gold 

mine (10,74 kWhe per 1 L of diesel). Therefore, it might be concluded that the developed 

method of determining conversion factor for Russian diesel fuel is valid.  

 

Regarding conversion factor for explosives it is highly important to specify which type of 

explosives is employed during the blasting process. Primary data collected through the 
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analysis of company’s documentation shows that within the case company Nitronite E-70 

is employed for both waste rock blasting and ore blasting.  

 

Explosives are usually analyzed in terms of its relative effectiveness factor (R.E.), which is 

measured by TNT equivalent per kilogram. Therefore, knowing the R.E. factor of Nitronite 

E-70 its calorific capacity might be calculated (Table 10). 

 

Table 10. Calculation of Conversion Factors for explosives (Nitronite E-70) 

Calorific capacity of 1 kg of TNT 4,184 MJ 

Calorific capacity of 1 kg of TNT 1,16 kWhe 

Canadian explosive 0,91 R.E. (TNT equivalent) 

Canadian explosive 1,06 kWhe 

Russian explosive (Nitronit E-70) 0,74 R.E. (TNT equivalent) 

Russian explosive (Nitronit E-70) 0,86 kWhe 

 

Determined conversion factors for diesel fuel and explosives facilitate the process-oriented 

analysis of energy consumption of an open pit gold mine site (Table 11). 

 

Table 11. Energy consumption per process.  

Stage of 

Production 
Production Process 

Energy Con-

sumption 

Energy Re-

source 

Energy Con-

sumption, 

kWhe 

W
a
st

e 
R

o
ck

 R
e
m

o
v
a
l 

Waste Rock Drilling 267,3 tons of diesel 2 821 172,33 

Waste Rock Blasting 1 686 862,1 
kg of explo-

sives 
1 450 701,41 

Waste Rock Moving 

(Bulldozer) 
824,5 tons of diesel 8 700 737,38 

Waste Rock Transport 3 286,3 tons of diesel 34 679 912,08 

Waste Rock Load-

ing/Excavating 
1 750,7 tons of diesel 18 475 162,16 

O
re

 E
x
tr

a
c
ti

o
n

 

Ore Drilling 37,3 tons of diesel 393 253,56 

Ore Blasting 235 137,9 
kg of explo-

sives 
202 218,59 

Ore Moving (Bulldoz-

er) 
131,2 tons of diesel 1 384 904,64 

Ore Load-

ing/Excavating 
278,7 tons of diesel 2 940 709,13 

Ore Transport 523,1 tons of diesel 5 520 034,59 
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Table 11. Continued 

O
re

 P
ro

c
es

si
n

g
 

Crushing 2 197 512,0 
kWhe of elec-

tricity 
2 197 512,00 

Grinding 30 736 310,8 
kWhe of elec-

tricity 
30 736 310,80 

Pumping 17 713 442,1 
kWhe of elec-

tricity 
17 713 442,10 

Other Processing 8 707 154,2 
kWhe of elec-

tricity 
8 707 154,20 

 

Developed methodology of process-oriented energy analysis enables us to analyze which 

process is the most energy intensive as well as which type of energy resource is the most 

important within the production process (Figure 6 and Figure 7 respectively).  

 

 

Figure 6. Energy consumption in terms of energy resources 

 

Figure 6 shows that the main energy sources employed within the production process are 

electricity and diesel fuel, while the share of explosives in total energy consumption can be 

considered as immaterial. However, it is interesting to notice that dominance of diesel fuel 

and electricity revealed during the analysis of energy consumption has corroborated the 

results of pilot interviews.  
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Figure 7. Energy consumption in terms of production processes 

 

The developed methodology facilitates the comparative analysis of energy consumption of 

different production processes regardless to the type of energy resource employed within 

particular process (Figure 7). The performed analysis shows clearly that the most energy 

intensive stage is Waste Rock Transportation as well as Grinding. These results partly cor-

roborated the results of pilot interviews. 

 

For the purpose of holistic process-oriented energy analysis it is important to analyze ener-

gy consumption of each process in terms of its share in total energy consumption (Figure 8 

See following page). 
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Figure 8. Energy consumption in terms of production processes (%) 

 

Figure 8 shows that Waste Rock Blasting and Ore Blasting contribute to the total energy 

consumption not more than 1,5% that justifies the fact that explosives as an energy re-

source provides only 1% of all consumed energy. However, such analysis of absolute en-

ergy consumption does not provide thorough understanding of energy intensiveness of 

each production process. Therefore, process-oriented energy analysis should be performed 

in terms of energy consumption per 1 ton or kiloton of ore mined or processed. 

 

Given the information that during 2015 year a considered open pit gold mine has removed 

8 494,76 kilotons of waste rock, has mined 1 544,58 kilotons of ore out of which 1 374,74 

kilotons of ore were processed, the energy consumption analysis of each process might be 

conducted per kiloton of ore mined/processed. Since the costs of waste rock removal are 

calculated within the costs of ore mined, for the first two stages – Waste Rock Removal 

and Ore Extraction - energy consumption is analyzed per 1 kiloton of ore mined, while for 

Ore Processing stage energy consumption should be analyzed per 1 kiloton of ore pro-

cessed. The results of such analysis are presented in Table 12 (See following page). 
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Table 12. Energy consumption per each production stage. 

Stage of 

Production 
Production Process 

Energy Consumption, 

kWhe per 1 kiloton of 

ore mined & pro-

cessed 

W
a
st

e 
R

o
ck

 R
e
-

m
o
v
a
l 

Waste Rock Drilling 1 826,50 

Waste Rock Blasting 939,22 

Waste Rock Moving 

(Bulldozer) 
5 633,07 

Waste Rock Transport 22 452,63 

Waste Rock Load-

ing/Excavating 
11 961,28 

O
re

 E
x
tr

a
c
ti

o
n

 Ore Drilling 254,60 

Ore Blasting 130,92 

Ore Moving (Bulldoz-

er) 
896,62 

Ore Load-

ing/Excavating 
1 903,89 

Ore Transport 3 573,81 

O
re

 P
ro

-

ce
ss

in
g

 

Crushing 1 598,50 

Grinding 22 357,96 

Pumping 12 884,97 

Other Processing 6 333,69 

Total Energy Consumption  92 747,65 

 

Such data on energy consumption is much more valuable in order to generate analytical 

conclusions of process-oriented energy analysis as based on this data assessment of energy 

efficiency of each process of production might be performed. Energy efficiency is deter-

mined as a ratio of energy input to the useful output as it was revealed in the literature re-

view. Therefore, in order to analyze energy efficiency of production process the amount of 

energy consumed per production of 1 unit of useful output should be analyzed, in particu-

lar case – amount of kWhe per1 kiloton of ore mined/processed.  

 

The research framework of this study requires also performing the analysis of energy con-

sumption of Russian gold mining company as compared to its foreign competitors. As it 

was stated before, as a reference data this research involves the results of benchmarking 

analysis of energy consumption of Canadian open-pit gold mines conducted by Mining 

Association of Canada in 2005. The similarity of methodological approach should be en-
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sured within the comparative analysis. In both cases, energy consumption of Waste Rock 

Removal and Ore Extraction stages is analyzed in terms of kiloton of ore mined and energy 

consumption of Ore Processing stage is analyzed per kiloton of ore processed. Therefore, 

this data might be considered as comparable.  

 

In order to perform such comparative analysis the conceptual model of gold mining pro-

cess was slightly modified. The engineering design of gold mining process considerably 

depends on the geological conditions of the deposit. Whereas all the deposits are unique 

and obtain different geological structure, the technological process might also differ from 

one mine site to another. However, within this comparative analysis the only difference is 

the technology of loading/excavating of mined ore: the gold mining process of Russian 

mine site includes the distinguished process of Ore moving (Bulldozer), while within the 

benchmarking analysis of energy consumption of Canadian open-pit gold mines, such par-

ticular process is not distinguished. Therefore, within the purpose of the analysis the pro-

cesses of Ore Moving (Bulldozer) and Ore Excavation were combined. It should be noticed 

that in the research scope of this study such simplification does not provide any threats to 

the credibility of research findings as the purpose of this analysis is to reveal the pattern of 

energy consumption.  

 

In order to ensure the credibility of research findings, the differences of geological and 

mining conditions between Russian open-pit gold mine and Canadian mines should be 

considered. Table 13 (See following page) presents a comparison between Russian open-pit 

gold mine considered within this case study and Canadian open-pit gold mines involved in 

the benchmarking analysis of energy consumption. Canadian benchmarking analysis in-

volves analysis of energy consumption of nine mines, therefore, information about geolog-

ical and mining parameters is presented as ranges (Mining Association of Canada, 2005).  
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Table 13. Comparison of mining and geological conditions. 

Parameter 
Canadian Open pit gold 

mines 

Russian Open-pit gold 

mine 

Volume of ore mined, tons 
from less than 4 million to 

over 60 millions 
1 544 580 

Total material removed 

(ore plus waste rock), tons 

from under 20 million to 

over 120 millions 
10 039 340 

Stripping Ratio 

(waste rock/ore tonnage) 
from 0,04 to 6,05 5,5 

Source: partly Mining Association of Canada (2005) 

 

The comparison shows that the operational scope of considered in this case study Russian 

open-pit gold mine is considerably less than the operational scope of Canadian mines par-

ticipated in the benchmarking analysis of energy consumption. However, it should be no-

ticed that within Canadian sample of open-pit gold mines the operational scope varies sig-

nificantly, therefore, it might be assumed that this fact does not provide serious threats to 

the credibility of research. The Figure 9 (See following page) presents the results of per-

formed comparative analysis.  
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Figure 9. Comparative analysis of energy consumption of Russian Open-Pit Gold Mining Site and Canadian Gold Mining Sites 
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Figure 9 presents the results of comparative process-oriented analysis of energy intensity 

of Russian and Canadian open pit gold mining process. The results of Canadian bench-

marking analysis are presented as intervals from minimum to maximum level of energy 

consumption revealed among considered open-pit gold mines. On the graph, this range is 

presented as an area (green area in the Figure 9). The results of process-oriented energy 

analysis performed for Russian case company are presented on the graph as points con-

nected by the line (red line in the Figure 9). Analysis of Figure 9 shows that the pattern of 

energy consumption for open-pit gold mining process remains the same. However, energy 

consumption of considered Russian open-pit gold mine is closer to the maximum level of 

energy consumption revealed within the benchmarking analysis of Canadian open-pit 

mines. Analysis shows that for some processes such as Waste Rock Loading/Excavation 

and Grinding the level of energy consumption of Russian open-pit gold mine is significant-

ly higher than the maximum level of energy consumption stated by Canadian benchmark-

ing analysis. 

 

In order to reveal the reasons causing such significant level of energy intensity for Waste 

Rock Loading/Excavating more detailed analysis was conducted.  

 

One of the reasons for such an extensive level of energy consumption might be significant 

amount of waste rock that needs to be removed in order to get access to the gold ore itself. 

The process-oriented analysis of total energy consumption per 1 kiloton of ore mined does 

not include the impact of the factor of waste rock to be removed. Therefore, within more 

detailed process-oriented energy analysis energy consumption was calculated per 1 kiloton 

of removed material (waste rock and ore). Results of this analysis are presented in the Fig-

ure 10 (See following page). 
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Figure 10. Energy intensity of total material removal (waste rock and ore mined) 

 

Performed analysis shows that the level of energy consumption of considered Russian 

open-pit gold mine during Loading/Excavating is higher is higher as compared to Canadian 

gold open-pit mines. However, it can be noticed that the difference is not such significant 

as compared to the Figure 9. Therefore, it can be concluded that the stripping ratio, which 

determines the amount of waste rock to be removed in order to get access to the valuable 

ore has a significant impact on the energy intensiveness of gold mining process. Neverthe-

less, the performed detailed analysis shows that the level of energy consumption of Rus-

sian gold mining process is higher than in Canada.  

 

The process oriented analysis of energy consumption shows that the Waste Rock 

Transport, Waste Rock Loading/Excavating, Grinding and Pumping are the most energy 

intensive processes. High level of energy consumption related to the stage of Waste Rock 

Removal can be partly explained by the significant impact of stripping ratio, while Grind-

ing and Pumping can be considered as highly energy intensive processes itself. However, 

the comparative analysis shows that the level of energy efficiency in terms ore processed 

of Russian open-pit gold mine site is significantly lower, particularly for Waste Rock 

Loading and Excavation and Grinding. Therefore, despite such a high priority of energy 

efficiency within the company’s strategic agenda and corporate commitment to the idea of 

sustainable development, the real level of energy efficiency might be considered as consid-

erably low. Therefore, one may conclude that in terms of gold mining there are some chal-
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lenges within the process of energy efficiency improvement that constrains the real en-

hancement of energy efficiency. 

 

4.3 Energy Efficiency Challenges 

The performed process-oriented energy performance analysis explicitly shows that the lev-

el of energy consumption of Russian open-pit gold mine is considerably higher than the 

average level of energy consumption of Canadian competitors. Taking into consideration 

the high priority of energy efficiency issues within the case company and commitment to 

the sustainable business model, the analysis has revealed significant untapped energy effi-

ciency potential. Thus, several energy efficiency challenges relevant for Russian gold min-

ing companies might be distinguished as a result of performed analysis of primary and sec-

ondary data collected within this research framework.  

 

The gold mining process is significantly energy intensive by its nature and the range of 

energy efficiency measures that might be implemented is limited due to specific technolog-

ical process. The complexity of technological process implies that incremental energy effi-

ciency measures do not provide significant energy savings. The performed study has re-

vealed several energy efficiency measures implemented within the case company such as 

installation of LED lightning or Installation of Digital Control Systems (DCS), however, 

no significant energy efficiency improvement might be identified. Energy efficiency pro-

jects in gold mining industry are considered to involve significant initial costs that are not 

always affordable for the company. Therefore, only being provided with sufficient capital, 

a company is able to implement energy efficiency measures.  

 

All the interviewed experts stated that the majority of energy efficiency measures might be 

implemented only during the design stage of technological process, while the design of 

gold mine site is determined by the geological conditions of the deposit as well by the spe-

cific mode of occurrence of ore body. Another essential parameter determining the level of 

energy consumption in the gold mining industry is the ore grade measured in grams of gold 

per ton of ore. “Within our group we have different mine sites developing different depos-

its. Each deposit provides us with ore of different gold grade, therefore, it is quite difficult 

to compare the level of energy consumption of different mine sites excluding from the anal-
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ysis the factor of ore grade.” This technological aspect, specific for the gold mining indus-

try provides a significant challenge in terms of successful implementation of energy effi-

ciency practices. 

 

The screening analysis of company’s energy efficiency and energy management practices 

has revealed the significant importance and strategic priority of energy efficiency issues 

within company’s strategic agenda. These strategic perspectives on rational use of energy 

are supported by company’s top management. However, in the gold mining industry as 

well as in the entire mining industry one of the most important strategic initiative for com-

pany is to increase its resources base by expanding its license area. Therefore, energy effi-

ciency projects are usually considered to be less attractive and less important from the stra-

tegic point of view than new projects of geological exploration or projects of acquiring 

new mineral resources deposits. Thus, in the case company sustained investments in both 

greenfield and brownfield geological exploration are considered to be the key strand of its 

business model. Hence, it can be concluded that in a current sophisticated business envi-

ronment a gold mining company lacking investment and financing capabilities would more 

likely invest in the less risky projects of improving its resource base rather than in energy 

efficiency projects. 

 

The considerable influence of a risk component is another highly important challenge. All 

the interviewed experts state that one of the significant discouraging factors is a lack of 

information and methodological support. To great extent the considerable risk level of en-

ergy efficiency projects is caused by the lack of experience in this field. In order to take an 

investment decision a company should perceive real value of energy efficiency opportuni-

ty. However, without holistic methodological approach to energy analysis and assessment 

of energy efficiency potential such opportunities might not be identified. Therefore, in the 

context of competition with other investment projects, energy efficiency projects have less 

chances to be implemented.  

 

The issue of lack of methodological approach to energy efficiency analysis was admitted 

by all the interviewed experts. “In order to assess the effect of energy efficiency measure, 

there should be a clear model how to evaluate energy efficiency before and after”. In order 

to invest in energy efficiency, energy inefficiency should be discovered explicitly. Howev-
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er, even if a corporate standard of energy analysis exists in the company, the results of such 

analysis cannot be compared with the best industrial energy efficiency results because of 

the lack of available data on energy efficiency of Russian gold mining industry. “Within 

the group we perform internal benchmarking. We do not consider external benchmarking 

as a feasible analytical tool since no gold mining company will share such information”. 

Even within academic literature one may find significantly scarce empirical data on energy 

consumption of gold mining companies, particularly in Russia.  

 

Lack of information on profitability and explicit value of energy efficiency measures for 

industrial company is another factor influencing the risk level of energy efficiency pro-

jects. The absence of available information about successful implementation of energy 

efficiency projects significantly increases the risk exposure of such projects. One of the 

interviewed experts stated that there is also an impact of a fear to be a pioneer in this field. 

“Within current sophisticated business environment we try to minimize and manage all 

possible risks. Therefore, in the context of no governmental support, it is quite challenging 

to invest in the capital-intensive projects of renewable energy, for example”. The lack of 

governmental energy efficiency programs and policy framework is another highly im-

portant factor having a negative influence on the process of energy efficiency improve-

ment. The only governmental contribution in terms of industrial energy efficiency revealed 

within this research is legislative enforcement to perform energy audit as compliance to the 

Federal Law. However, even such efforts cannot be considered as a strong incentive.  

 

The performed holistic analysis of company’s energy efficiency and energy management 

practices has revealed significant untapped energy efficiency potential within the consid-

ered case company. Despite the significant priority of energy efficiency issues within com-

pany’s strategic agenda, several energy efficiency challenges have been revealed as a result 

of this case study.  
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5. DISCUSSION 

Within the particular case study research the issues of energy efficiency within the gold 

mining industry were analyzed. The performed holistic analysis of energy efficiency and 

energy management practices within one of the biggest Russian gold mining groups have 

provided answers to all research questions. Therefore, it might be concluded that the re-

search goal and research objectives were met to full extent in this study. As a result, the 

performed study has revealed several issues to be discussed.  

 

5.1 Screening Analysis 

The academic literature proposes that the concept of sustainability within mining industry 

might be considered as a paradox as an industry extracting non-renewable natural re-

sources is considered to provide additional pressure to the environment rather than to con-

tribute to the goal of sustainable development (Mudd, 2010). However, this research shows 

explicitly that within the case company the concept of sustainable development is consid-

ered to be one of the most important pillars of its business model. The corporate perception 

of sustainable development coincides with the concept of “Triple Bottom Line” proposed 

by academic literature integrating environmental, social and economic dimensions of sus-

tainability (Hart and Milstein, 2003). It should be noticed that within the company signifi-

cant attention is paid to the environmental aspect of sustainability. Some academics such as 

Gadenne et al. (2009) claim that for many industrial companies the level of implementation 

of environmental management practices still remains low despite environmentally friendly 

attitude of top management. However, the performed research shows that within consid-

ered Russian gold mining group environmental performance is significantly important and 

fully integrated in the company’s strategic agenda. The implementation of corporate envi-

ronmental standard and corporate environmental policy may justify this conclusion. 

 

The issue of energy efficiency is becoming more and more relevant nowadays principally 

because of increasing environmental concerns related to climate change mitigation. Thus, 

within the sustainability concept energy use and energy efficiency is considered to be a 

part of environmental aspect. Therefore, in academic literature one may find a point of 

view that energy management should be considered as a driver for environmental perfor-

mance management (Morvay and Gvozdenac, 2008). Such analytical tools as Life Cycle 
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Assessment implements this approach, integrating energy use within its framework as a 

key impact category (Arvidsson et al., 2012). The performed empirical research shows that 

within considered gold mining company, environmental management practices are over-

lapping to some extent with energy management practices. However, within the studied 

case company energy efficiency aspects are completely integrated into the system envi-

ronmental management. It might be concluded that such approach provides significant 

threats to the performing comprehensive energy management practices, as environmental 

aspect of energy management considers only issue of CO2 emission excluding from the 

analysis any other aspects. It might be also concluded that despite interrelatedness of envi-

ronmental management practices and energy management practices, environmental per-

formance is considered to be of higher priority within company’s strategic agenda.  

 

The research has shown that energy efficiency within the studied case company implies 

higher effectiveness of energy use rather than the reduction of absolute energy consump-

tion. In this regard, it might be concluded that the concept of energy efficiency is distin-

guished from the concept of energy conservation that coincides with the approach shared 

by academic literature (Herring and Roy, 2007). However, such perception of energy effi-

ciency might be considered as an empirical evidence for the paradox of energy efficiency 

rebound effect revealed in academic literature (Herring, 2006). It might be assumed that 

with a higher level of energy efficiency, the implicit price of energy resources will de-

crease enabling the growth of company’s operational capacity. This will lead to more in-

tensive use of energy resources and, consequently, CO2 emission. In this vein, this research 

corroborates theoretical findings proposed by academic literature claiming that energy effi-

ciency improvement cannot be considered as a solution to the problem of global warming 

and climate change (Herring, 2006). 

 

However, despite such a significant priority of energy efficiency issues within company’s 

strategic agenda, there is no holistic approach to the analysis of energy consumption within 

the company. Given that in company there is no developed methodology to compare and 

analyze different types of energy resources, energy analysis is performed in a discrete way 

for each process. Such analysis does not provide any conclusions about the energy intensi-

ty of the total production process as well as does not facilitate any managerial decisions. 
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5.2 Energy Performance Analysis 

In order to perform comprehensive process-oriented energy performance analysis a meth-

odology was developed to compare different energy resources employed within the pro-

duction process. Such methodology facilitates the analysis of energy consumption of par-

ticular production process. In order to manage energy consumption it is highly important to 

understand the share that each production process contributes to the total energy consump-

tion. Based on the developed methodology the holistic process-oriented energy perfor-

mance analysis was conducted using the data collected from the open-pit gold mine site 

developed by the case company. Subsequently, the obtained results were compared with 

the results of benchmarking analysis of energy consumption of Canadian open-pit gold 

mines conducted by Mining Association of Canada (2005). Such methodological approach 

provides several limitations such as different time horizons of research, different opera-

tional scopes of open-pit mines as well as difference in specific technological and geologi-

cal parameters. However, within the scope of this research the comparative analysis was 

performed in order to get insights into the level of energy efficiency of Russian open-pit 

gold mine as compared to its foreign direct and indirect competitors. 

 

Performed process-oriented energy analysis has shown that in terms of absolute energy 

consumption Waste Rock Transport, Waste Rock Loading/Excavation, Grinding and 

Pumping are considered to be the most energy intensive stages. Performed process-

oriented analysis of energy intensity per kiloton of ore mine/processed provided the same 

results. However, the research has shown that the energy intensiveness of Waste Rock 

Removal is influenced significantly by the stripping ratio, which defines the ratio between 

waste rock removed and ore mined. Therefore, in order to perform comprehensive compar-

ative analysis of energy intensity of total mining process, impact of this factor should be 

also included in the analysis. Regarding the processes of Grinding and Pumping, the results 

of process-oriented energy performance analysis corroborate the results of expert inter-

views. These production processes are significantly energy intensive by its nature, there-

fore, gold processing plant is considered within the company as the main energy consumer. 

 

The results of comparative analysis show that the curve of energy intensity of gold mining 

production process in Russia and Canada has the same pattern. However, the total level of 

energy intensity in Russia is closer to the maximum level of energy intensity revealed 
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within Canadian benchmarking analysis. Therefore, it might be concluded that the average 

level of energy efficiency of Russian open-pit gold mines is lower than for Canadian mines 

analyzed within the benchmarking analysis. The most significant overbalance is well-

marked for the process of Waste Rock Loading/Excavation and Grinding (Figure 9, p.80).  

 

Such comparative analysis has revealed significant untapped energy efficiency potential 

for Russian open-pit gold mine as compared to Canadian gold mining companies. Given 

the strategic importance of energy efficiency issues within the company, one may conclude 

that the reason for such energy efficiency potential is the phenomenon of energy efficiency 

gap extensively discussed in academic literature (Jaffe and Stavins, 1994; Backlund et al., 

2012; Allcott and Greenstone, 2012). Within this research several possible reasons for this 

phenomenon were revealed.  

 

The first possible reason considers the scope of operations of analyzed open-pit gold 

mines. Table 14 in “Results” section determines that the operational scope of Russian 

open-pit gold mine considered within the case study is significantly lower as compared to 

Canadian open-pit gold mines considered within benchmarking analysis. Hence, it might 

be anticipated that to some extent the lower energy intensity of Canadian gold open-pit 

mines might be explained by the economies of scale. The results of the benchmarking 

analysis of energy consumption of Canadian open-pit gold mines (2005) show that such 

stage as Material Excavating/Loading (including both waste rock and ore) generates signif-

icant economies of scale due to the fact that large mines are able to deploy more expensive 

energy efficient equipment, while for smaller mines such technological solutions are not 

cost-effective.  

 

Another possible factor causing the significant level of energy intensity of Russian gold 

mining process is the specific geological conditions of the deposit such as specific occur-

rence mode of the ore body and the ore grade. These factors significantly influence the 

amount of energy required for mining and processing ore. Therefore, these factors should 

be taken into consideration while performing comparative analysis. However, geological 

conditions of the deposit should be considered as its inherent not manageable parameters 

and, therefore, its influence cannot be leveraged. 
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The deployed mining technology is another factor determining the level of energy con-

sumption. As it was revealed within the expert interviews, the majority of energy efficien-

cy measures and solutions might be implemented only during the design stage. The funda-

mental design of the mine site is determined by the geological conditions, therefore, the 

engineers might take a decision to implement particular technological solution such as the 

choice of mining equipment and machinery to be implemented. In this context the choice 

of technological solutions usually falls under the competence of engineers and cannot be 

considered as manageable factor from the managerial perspective.  

 

According to the academic literature it is impossible to address the issue of energy effi-

ciency gap without considering the problem of energy efficiency barriers constraining the 

adoption of energy efficiency technologies and solutions (Trianni and Cagno, 2012; Chai 

and Yeo, 2012). Therefore, within our research was focused on the analysis of energy effi-

ciency challenges that a Russian gold mining company is currently facing. 

 

5.3 Energy Efficiency Challenges 

One may find an extensive amount of academic literature on the issue of energy efficiency 

barriers (Trianni and Cagno, 2012; Chai and Yeo, 2012). Within this research framework 

the factors discouraging company to implement energy efficiency measures are considered 

as energy efficiency challenges rather than barriers. The term “barriers” conceptually im-

plies external for company unresolvable problems, while “challenges” might be addressed 

by the company through appropriate internal efforts. However, from the academic point of 

view both terms describe the same phenomenon. 

 

The performed analysis of energy efficiency challenges has corroborated the theoretical 

findings in this field proposed by academic literature (Sorrell et al., 2000; Cagno et al., 

2013; Chai and Yeo, 2012). However, the conducted analysis has revealed several energy 

efficiency challenges highly relevant for Russian gold mining companies that are not cov-

ered within the taxonomies of energy efficiency barriers available in academic literature. 

Considering the specific nature of gold mining process, the research has revealed that the 

factor of geological conditions of the deposit and the ore grade are significantly important 

factors determining the level of energy consumption. Since the majority of energy efficien-
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cy measures might be planned and implemented within the design stage of new gold mine 

site, one may conclude that one of the most significant energy efficiency challenges for a 

gold mining company is the technological process of gold mining itself. Within such ener-

gy intensive production process the incremental improvements will not yield significant 

energy savings, therefore, the radical energy efficiency measures and solutions are re-

quired. Given the high level of initial costs of such technological solutions, energy effi-

ciency measures within gold mining industry imply significant investment and capital re-

sources that are not always available for a company. Therefore, only being provided with 

sufficient financing capabilities, a gold mining company is able to implement energy effi-

ciency measures. 

 

In this vein, another important energy efficiency challenge relevant for gold mining com-

panies is the strategic priority of investments. The specific nature of mining business re-

quires mining company to invest intensively in the geological exploration of new deposits 

in order to increase its resource base and license area. Therefore, given the competition 

from such strategically important projects, energy efficiency projects requiring significant 

amount of investment would be considered as inferior.  

 

It also important to emphasize that lacking thorough informational and methodological 

support, a gold mining company is not able to enhance its energy efficiency even despite 

high priority of energy efficiency issues within its strategic agenda or high motivation for 

energy efficiency improvements. The research has revealed that management considers 

lack of methodological approach to the energy performance analysis as one of the most 

substantial factors discouraging company to implement energy efficiency measures. Given 

neither standard methodology for initial energy performance assessment nor standard 

methodology for the evaluation of energy efficiency improvements, a gold mining compa-

ny perceives investment-intensive energy efficiency projects as high-risky investments. 

 

In order to perform holistic study of energy efficiency challenges relevant for Russian gold 

mining company all revealed challenges were allocated according to the “Motivation-

Capability-Implementation-Results (MCIR) framework” presented by Chai and Yeo 

(2012) and discussed within analysis of academic literature (See “Literature Review”, Fig-

ure 3, p.35). This framework emphasizes the interconnected nature of the energy efficiency 
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barriers within the whole process of energy efficiency improvement. Figure 11 presents 

energy efficiency challenges revealed within this study allocated according to the MCIR 

framework (See following page). 
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Figure 11. Energy efficiency challenges relevant for a gold mining company within MCIR framework (based on Chai and Yeo, 2012) 
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The analysis of energy efficiency challenges mapped within MCIR framework (Figure 11) 

shows that a process of energy efficiency improvement cannot be considered as effortless 

for a gold mining company. During the whole process a gold mining company is facing 

difficulties and challenges of different nature, nevertheless, one may conclude that the Mo-

tivation and Capability stages are related to the most essential challenges constraining the 

process of energy efficiency improvement. 

 

However, the question still remains how to address these challenges in order to improve 

energy efficiency of a gold mining company. The research has revealed that governmental 

support in a form of energy efficiency programs and energy efficiency policy framework 

might be considered as an effective way to improve the rate of implementation of energy 

efficiency measures and, therefore, may significantly enhance the industrial energy effi-

ciency. In this regard, the results of this study corroborate theoretical findings proposed in 

academic literature (Rohdin and Thollander, 2006; Chai and Yeo, 2012; Trianni et al., 

2013). The effective energy efficiency policy framework might support companies by ad-

dressing several energy efficiency challenges.  

 

The government support may involve not only direct regulations through policy frame-

works and legislative mechanisms. One of the possible ways to promote industrial energy 

efficiency proposed by academic literature is to develop the market of Energy Service 

Companies (ESCO). The research has revealed that several significant energy efficiency 

challenges are related to the lack of information and methodological support as well as the 

lack of experience in this field. In this context, it might be concluded that Energy Service 

Companies obtaining expert knowledge in the field of energy efficiency may considerably 

contribute to the industrial energy efficiency improvement. Therefore, government support 

aimed at establishment and development of energy service market might enhance industrial 

energy efficiency by addressing several significant energy efficiency challenges. 

 

The analysis of different energy policy frameworks performed within the literature review 

has revealed the significant variety of effective policy instruments promoting industrial 

energy efficiency. However, the conducted analysis has shown that current energy effi-

ciency policy framework existing in Russian Federation cannot be considered as a compre-

hensive one. In this regard government financial and informational support is considered to 
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be essentially important factor in terms of enhancing industrial energy efficiency. The 

analysis of energy efficiency challenges according to the MCIR framework has also shown 

that the lack of methodological, information and financial support from the government is 

considered to be significantly important within the implementation of energy efficiency 

measures (“Motivation”, “Capability”, and “Results”). Therefore, one may conclude that 

effective government policy in the field of energy efficiency may significantly facilitate the 

process of energy efficiency improvement. 

 

5.4 Energy Management System 

The performed research has revealed that within the gold mining industry energy efficien-

cy measures require significant initial costs and, therefore, companies may lack sufficient 

financial capabilities for its implementation. Besides, the analysis of energy efficiency 

challenges has shown that the lack of methodological approach to energy performance 

analysis may be considered as a significant obstacle to the enhancement of energy efficien-

cy. Therefore, based on the results of the literature review, it might be assumed that im-

plementation of energy management system might be considered as one of the most cost-

effective and promising ways to improve energy efficiency of a gold mining company ena-

bling also the reduction of energy costs. This approach has been extensively discussed by 

scholars who claim that energy efficiency improvement requires the combination of tech-

nological solutions with energy management practices (Backlund et al., 2012; Schulze et 

al., 2016).  

 

Energy management being a complex system of managerial activities involves monitoring, 

measuring, analyzing and examining of energy system. Therefore, it may enable a gold 

mining company to overcome several energy efficiency challenges such as lack of meth-

odological and information support. However, the screening analysis of company’s energy 

management practices has shown that despite fragmentary implementation of energy man-

agement activities, no holistic energy management system can be distinguished within the 

case company. Therefore, the key issue to be considered is how to successfully implement 

and integrate energy management system in the company’s management system. In this 

regard international standard of energy management ISO 50001:2011 "Energy Manage-

ment Systems” - Requirements with guidance for use" might be considered as one of the 
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most comprehensible guidance for the implementation of energy management system. Jo-

vanović and Filipović (2016) state that this standard is considered to be significantly useful 

for the industries with structured production process that justifies its relevance for the gold 

mining industry. 

 

Based on the holistic analysis of the requirements of ISO 50001:2011 standard this re-

search proposes a particular guidance that might be applied within the studied case compa-

ny in order to successfully integrate energy management in the company’s management 

system (Table 14). 

 

Table 14. Guidance for energy management system implementation. 

Requirement 
Current 

Conformity 

General Requirements  

To determine and document scope and boundaries of Energy Manage-

ment System 
No 

Management Responsibility  

To design and establish Energy Policy No 

To appoint Management Representative and Energy Management 

Team 
No 

To define and document roles, responsibilities and authorities for Man-

agement Representative and Energy Management Team 
No 

To allocate required resources (personnel, technology, finance) in order 

to implement and control Energy Management System 
No 

Energy Policy  

To define and document Energy Policy No 

To ensure appropriateness of Energy Policy to the nature and the scope 

of organization as well to the nature and the scope of its energy use 
 

To ensure that Energy Policy covers following aspects  

 Commitment to the continuous improvement  

 Commitment to the availability of information and all other 

relevant resources to achieve objectives and targets 
 

 Commitment to compliance with all applicable legislatives and 

other requirements 
 

 Priority for purchasing energy efficient products and services   

To ensure that Energy Policy provides a framework for determining 

and reviewing energy objectives and targets 
 

To ensure that Energy Policy is documented and communicated to all 

personnel of organization 
 

To review and update Energy Policy on a regular basis  

Energy Planning  

General  

To perform and document Energy Planning process Partly 
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Table 14. Continued 

To perform Energy Planning for all the processes influencing final en-

ergy consumption 
Partly 

Legal and others Requirements  

To identify and comply with legal and all other requirements related to 

energy use, consumption and efficiency 
Yes 

To identify the applicability of these requirement to the organization’s 

energy consumption, use and efficiency 
No 

Energy Review  

To establish, perform and maintain Energy Review with documented 

methodology of Energy Review 
No 

To identify the areas of significant energy use Partly 

To identify the systems, subsystems, equipment and personnel related 

to these areas 
Partly 

To identify other relevant variables influencing the areas of significant 

energy use 
No 

To identify and rank energy efficiency opportunities No 

Energy Baseline  

To determine Energy Baseline No 

Energy Performance Indicators  

To determine Energy Performance Indicators (EnPIs)  

Energy objectives, energy targets and energy management action plans  

To establish, perform, maintain, document and keep updated energy 

objectives and targets at the relevant level within the organization 
No 

To ensure that energy objectives and targets are specific, measurable 

and understandable 
No 

To ensure the consistency of energy objectives and targets with Energy 

Policy 
No 

To establish, document, implement and keep updated an Action Plan in 

order to reach energy objectives and targets 
No 

To ensure that an Action Plan covers following aspects No 

 Responsibilities  

 Means and time frame  

 A method to verify energy efficiency improvement  

 A method to verify results of action plan implementation  

Implementation and operation  

Competence, training and awareness  

To ensure that all the personnel related to the areas of significant ener-

gy use is competent on the basis of appropriate education, training, 

skills or experience 

Yes 

To identify the need for training associated to the management of areas 

of significant energy use and operation of energy management system 
No 

To ensure awareness of all the personnel about  No 
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Table 14. Continued 

 The importance of compliance with Energy Policy as well as 

with procedures and requirements of energy management sys-

tem 

 

 Their roles, responsibilities and authorities in terms of meeting 

the requirement of energy management system 
 

 The perceived benefits of energy efficiency improvement  

 Their influence and contribution to the level of energy con-

sumption and energy efficiency 
 

Communication  

To ensure the process of internal communication within the organiza-

tion in terms of its energy performance and energy management system 
No 

To ensure that each employee is able to provide comments, suggestions 

and ideas to the energy management system 
No 

To decide whether external communication will take place No 

To establish and document the plan of external communication  

Documentation  

To have special documentation that reveals key elements of energy 

management system and interrelations between them  
No 

To ensure that this documentation includes No 

 Scope and boundaries of the Energy Management System  

 Energy Policy  

 Energy objectives, targets and action plans  

 Other documents required by ISO standard  

To ensure that documentation is traceable, up-to-date, appropriate and 

protected 
No 

Operational Control  

To identify and plan operations related to the areas of significant ener-

gy use corresponding to the Energy Policy, Energy objectives, targets 

and action plans in order to 

No 

 Establish and set criteria for the effectiveness assessment of 

operation and maintenance of the areas of significant energy 

use  

 

 Ensure the awareness of the organization’s personnel about 

operational control 
 

Design  

To consider energy efficiency criteria during designing, renovating or 

modifying facilities, equipment, systems and processes 
Yes 

To include energy efficiency criteria in the technical design specifica-

tion 
Partly 

Procurement of energy services, products, equipment and energy  

To inform suppliers that energy efficiency criteria is considered as an 

evaluation criteria for the purchasing process 
Partly 

To identify and establish energy efficiency criteria over the whole 

lifecycle of product, equipment or service influencing the level of or-

ganization’s energy efficiency 

Partly 
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Table 14. Continued 

To establish and document the technical design specification for energy 

being purchased 
No 

Checking  

Monitoring, measurement and analysis  

To monitor, measure and analyze following key characteristics: Partly 

 Areas of significant energy use and other outputs of the energy 

review 
Yes 

 Relevant variables related to the areas of significant energy 

use 
Partly 

 Energy performance indicators (EnPIs) No 

 Effectiveness of action plan’s implementation No 

 Assessment of actual energy consumption against planned Yes 

To document the results of monitoring Yes 

To establish and implement Energy Measurement plan No 

Evaluation of legal requirements and other requirements  

To evaluate periodically the compliance with relevant legislative and 

other requirements considering energy use and consumption 
Yes 

Internal audit of the EnMS  

To schedule and perform internal audit at planned intervals in order to 

ensure that energy management system  
Partly 

 Corresponds to the ISO standard requirements No 

 Corresponds to the established energy objectives and targets Partly 

 Is effectively integrated and maintained   No 

 Provides energy efficiency improvement No 

To document the results of audit Yes 

To select competent auditors, which are able to conduct audit objec-

tively and impartially 
Yes 

Nonconformities, corrective, and preventive action  

To establish the procedures for revealing, controlling and mitigating 

nonconformity 
No 

To address actual and potential nonconformities by taking following 

actions 
No 

 To analyze actual and potential nonconformities  

 To determine the reasons for actual and potential nonconform-

ities 
 

 To evaluate required actions to ensure that nonconformities 

will nor reoccur 
 

 To implement such actions  

 To maintain the documentation on implemented corrective and 

preventive actions 
 

 To assess the effectiveness of implemented actions  

Control of records  

To establish and maintain all the records in order to demonstrate the 

conformity to the ISO standard 
No 

To determine necessary measures to manage records No 
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Table 14. Continued 

Management Review  

To perform management review of energy management system on the 

periodic basis in order to ensure its suitability, adequacy and effective-

ness 

Partly 

To ensure that management review is based on the following input in-

formation 
Partly 

 Analysis of action implemented as a results of the previous 

management review 
Yes 

 Analysis of Energy Policy No 

 Analysis of Energy Performance and Energy Performance In-

dicators 
Partly 

 Analysis of compliance with legal and other requirements  Yes 

 Achievement of energy management system objectives and tar-

gets 
Partly 

 Reports of the energy management system audit  Yes 

 Status of corrective and preventive actions No 

 Planned energy performance for the following period Yes 

 Recommendations for improvement  Yes 

To ensure that results of management review includes decisions and ac-

tions concerning changes in 
 

 Energy performance of the organization; Partly 

 Energy policy No 

 Energy performance indicators (EnPIs) No 

 Objectives and targets of energy management system Partly 

 Allocation of resources Yes 

 

Presented guidance is built based on the requirement of ISO 50001:2011 Standard, which 

is aimed at assessment of energy management system. The analysis shows that current con-

formity to the ISO requirements cannot be considered sufficient for implementation of en-

ergy management system, therefore, it can be concluded that within studied case company 

no entire energy management system might be distinguished. It should be noticed that such 

conclusion corroborates the results of screening analysis performed as the first part of cur-

rent research.  

 

Due to the absence of any energy management system, the requirements of ISO standard 

might be considered as guidelines for the implementation of energy management system 

and its successful integration in the company’s management system. Therefore, within 

considered case company these guidelines can be considered as an effective way to en-

hance its energy efficiency by implementing energy management practice.  
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6. CONCLUSIONS 

The issues of energy efficiency are currently attracting more and more attention world-

wide. The global challenges that our society is facing nowadays arise significant concerns 

about our sustainable future. The goal of sustainable development being based on envi-

ronmental, social and economic aspects is awarded with considerable priority within the 

strategic agenda of all developed and developing countries. In this context, the rational and 

conscious use of natural resources is admitted to be one of the most important pillars of 

sustainability. Therefore, the issue of energy efficiency should be studied thoroughly in 

order to find the ways to enhance the level of energy efficiency and contribute to the global 

goal of sustainable development. 

 

This study seeks to analyze the issues of energy efficiency in a gold mining industry. 

Therefore, the main research question of this study was “How to improve energy efficiency 

of a gold mining company?”  

 

Such research goal implies two main research objectives – to analyze energy efficiency of 

a gold mining company and to reveal the ways to enhance energy efficiency of a gold min-

ing company. In order to meet stated research objectives three research question were for-

mulated as follows: 

 

 RQ1: How energy performance is integrated within company’s manage-

ment system? 

 RQ2: What are the main energy efficiency challenges that a gold mining 

company faces? 

 RQ3: How to integrate energy management practices in the company’s 

management system? 

 

In order to answer stated research questions to full extent the holistic analysis of academic 

literature was performed to reveal theoretical findings within this research field as well as 

to define more precise the research questions. The performed empirical research includes 

several stages such as screening analysis of company’s energy management practices, en-

ergy performance analysis and in-depth analysis of energy efficiency challenges that a gold 

mining company faces. This research implements single holistic case study research strate-



105 

gy with a particular focus on Russian gold mining company. In order to improve the credi-

bility of research findings the methodological framework of this study employs mixed-

method research technique involving analysis of both qualitative and quantitative primary 

and secondary data.  

 

The issues of energy efficiency are currently attracting significant academic attention. 

Thorough analysis of academic literature shows that energy efficiency aspects are usually 

analyzed within the research domain of sustainability, particularly its environmental as-

pect. Regarding the concept of energy efficiency, it might be concluded that within the 

research field of energy efficiency several theoretical concepts might be distinguished such 

as energy efficiency gap, energy efficiency barriers, energy efficiency services and energy 

efficiency rebound effect.  

 

The performed screening analysis of company’s energy management practices has revealed 

that despite considerable priority of energy efficiency issues and full commitment to the 

fundamental goal of sustainable development within the case company, no distinguished 

energy management system may be identified. Furthermore, significant importance of en-

vironmental performance in terms of the company’s strategic agenda causes some overlap-

ping of energy and environmental management practices within the company. Such ap-

proach provides considerable threats to the profoundness of energy management practices 

as the focus of energy performance analysis is shifted to the environmental aspect of ener-

gy use such as CO2 emission.  

 

Considering the analysis of energy performance it can be concluded that approach to the 

analysis of energy consumption adopted by the company cannot be considered as sufficient 

for performing holistic energy review. Energy consumption is analyzed within the compa-

ny in terms of particular energy resources consumed within the production process. The 

results of such analysis cannot be considered as consistent and comparable and, therefore, 

do not provide valuable managerial information. In order to overcome this limitation a 

methodology of process-oriented energy analysis was developed in order to facilitate the 

comparative analysis of energy consumption for different processes within the same com-

pany or for different companies. The performed process-oriented analysis has revealed 

significant areas of energy use of a gold mining process such as Waste Rock Transport, 
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Waste Rock Loading/Excavation, Grinding and Pumping. Therefore, energy management 

practices should be particularly focused on these processes in order to improve its energy 

performance.  

 

In order to meet the first research objective of the study to full extend a comparative pro-

cess-oriented analysis of company’s energy performance was conducted. This research 

applied results of benchmarking analysis of energy consumption of Canadian open-pit gold 

mines as reference data (Mining Association of Canada, 2005). The performed analysis has 

shown that the level of energy consumption and energy intensiveness of Russian gold min-

ing company is higher as compared with Canadian gold mining companies. Consequently, 

it might be assumed that the level of energy efficiency of Russian gold mining company is 

lower. The comparative energy analysis has revealed the energy efficiency gap within the 

case company, which implies that despite importance and priority of energy efficiency 

issues there is a gap between real level of energy efficiency and optimal available level of 

energy efficiency. 

 

The performed research shows that within the case company energy efficiency gap is 

caused by several challenges that a company face while enhancing its energy efficiency. It 

might be concluded that despite the extensive academic discussion this issue still provides 

some concerns as there is no comprehensive industry specific analysis of the most relevant 

energy efficiency challenges. In order to bridge this gap this research involved a holistic 

analysis of all challenges, problems and obstacles that a case company faces within the 

implementation of energy efficiency measures. The performed research to some extent has 

corroborated theoretical findings proposed by academic literature as well as has discovered 

some industry specific energy efficiency challenges highly relevant for gold mining indus-

try but still not discussed in academic research. Such industry specific challenges mainly 

are related to the specific technological process of gold mining that significantly limits the 

range of possible energy efficiency measures. Some of these challenges are due to the spe-

cific geological conditions of the deposit and ore grade, high initial costs of energy effi-

ciency measures and strategic priority of investments in other business areas (geological 

exploration and acquiring new licenses).  
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It is also significantly important to analyze the interrelatedness of different energy efficien-

cy challenges and allocate it to the particular stage of the process of energy efficiency 

measures implementation. Pursuing this goal the analysis of revealed energy efficiency 

challenges was performed according to the MCIR conceptual framework developed by 

Chai and Yeo (2012). The performed analysis shows that each stage involves particular 

energy efficiency challenges to be addressed. However, “Motivation” and “Capability” 

stages are admitted to be the most challenging stages. The research has revealed that the 

most significant company’s concerns are related to the considerable level of perceived risk 

of energy efficiency projects, lack of information and methodological support as well as 

lack of government support and incentives. 

 

As a result, several ways of energy efficiency improvement were proposed within this re-

search. The performed analysis shows that within the context of Russian gold mining in-

dustry one of the effective ways to enhance energy efficiency is to develop comprehensive 

government policy framework aimed at providing companies with informational, methodo-

logical and financial support in order to decrease the level of perceived risk of energy effi-

ciency projects. Another way for government to promote energy efficiency improvement is 

to establish and develop energy service market through supporting Energy Service Com-

panies. 

 

However, from the perspective of a gold mining company one of the most cost-effective 

ways to improve the level of its energy efficiency is to implement energy management 

system. The research concludes that International Standard on Energy Management ISO 

50001:2011 might be considered as a baseline in terms of establishment of energy man-

agement system. Therefore, as a final result the research proposes guidance for gold min-

ing company for implementation of energy management system based on the requirements 

of ISO Standard 50001:2011. 

 

6.1 Theoretical Contribution 

The performed research provides a contribution to the academic knowledge in the field of 

industrial energy efficiency. The research has revealed several industry specific energy 

efficiency barriers that so far have not been extensively discussed within academic litera-
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ture. Another theoretical contribution of this research is due to the fact that academic litera-

ture lacks the researches considering the issues of energy efficiency within specific Rus-

sian business environment. Furthermore, in academic literature one may find scarce 

knowledge on the managerial aspects of energy efficiency in gold mining industry, particu-

larly Russian gold mining industry.  

 

6.2 Managerial Implication 

Summarizing all above mentioned conclusions, this research provides an inclusive and 

comprehensive analysis of energy efficiency of a gold mining company involving theoreti-

cal and empirical evidence. The research provides two main contributions to the manageri-

al practices. Within the research an origin methodology was developed to perform process-

oriented analysis of energy performance of a gold mining company. The developed meth-

odology also facilitates the comparative analysis of energy performance of different com-

panies or mine sites. The main energy efficiency challenges relevant for a gold mining 

company were identified within the research. This study has concluded that for a gold min-

ing company implementation of energy management system is one of the most cost-

effective ways to enhance its energy efficiency. Therefore, as a final result, the proposal is 

formulated for a gold mining company for overcoming revealed energy efficiency chal-

lenges through the implementation of energy management system based on the ISO Stand-

ard 50001:2011. 

 

6.3  Limitations 

The research strategy of single holistic case study facilitates comprehensive in-depth anal-

ysis of studied phenomenon, however, it also provides considerable limitations to the re-

search in terms of generalizability of conclusions and research findings. Yin (2009) states 

that a single case study as a research design provides additional threats to the credibility of 

research findings since analytical conclusions derived from a single case study may be 

considered as scientifically powerful to less extent than even from “two-case” case study. 

Current research framework is limited to the energy-intensive process industries particular-

ly to the gold mining industry. However, developed methodology for performing process-

oriented energy analysis might be applicable for any other process industry.  
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This study is focused on analysis of energy efficiency practices of Russian gold mining 

industry. Even though comparative analysis with Canadian gold mining industry was con-

ducted, it is possible to conclude that study is geographically limited to Russian gold min-

ing companies. This fact provides threats to generalizability of research findings. Within 

the time frame this research is limited to the 2015 year, while a longitudinal study would 

contribute more to the research goal.  

 

Another considerable limitation is related to the performed comparative analysis. One may 

find the results of this analysis inconsistent due to significant difference in time horizon of 

current study and Canadian benchmarking analysis, which is applied as a reference data. 

However, perceiving the importance of such limitations, it was consciously accepted with-

in this study for several reasons. Firstly, the comparative analysis is not critical within this 

research framework, furthermore, it was aimed at providing complementary information in 

order to corroborate main results of energy performance analysis. Secondly, while search-

ing for reference information, the feasibility analysis of academic literature was performed 

in order to select data source fully meeting the requirements of this research work. The 

report on benchmarking analysis of energy consumption of Canadian open-pit gold mines 

was the only reliable source of empirical data, which met the research requirements to full 

extent. The difference in operational conditions of Russian and Canadian open pit gold 

mines, may also be considered as research limitation, however, this limitation of the study 

is also accepted as in the mining industry the majority of mining sites implement different 

technological solutions due to the uniqueness of mineral deposit.  

 

However, it should be noticed that all the revealed limitations might be considered as im-

plications for future research. 

 

6.4 Further Research Implications 

Despite the theoretical and empirical contribution of this research there is still a need for 

further research in this field. The analysis of energy efficiency challenges should be per-

formed in a more profound way involving empirical analysis of more companies in differ-

ent industries. It is also important to develop the methodology for process-oriented energy 
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analysis in order to include more factors in the analysis as well as to make analysis more 

precise and reliable. 

 

Another important area of further research is integration environmental aspects such as 

CO2 emission in the analysis of energy performance. Within the current study the research 

focus was shifted to the managerial aspect of energy performance excluding environmental 

aspect from the analysis. However, the integration of both aspects within one study may 

contribute significantly to the theoretical and empirical knowledge in this field.  
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APPENDICES 

Appendix A 

 

Interview Guide for pilot interviews 

 How energy efficiency is regarded within your company? 

 How important are the energy efficiency issues within strategic planning of your 

department and company? 

 Do you have energy management practices? 

 How do you analyze and control the level of energy consumption? 

 Do you consider the energy consumption to be analyzed and measured within every 

process of mining production process? 

 How do you measure energy efficiency performance? 

 What type of energy efficiency performance indicators do you use? 

 How does energy efficiency performance influence the cost of production? 

 What is the focus area for your department from the point of view of energy effi-

ciency? Are you interested in increasing the level of energy efficiency of your 

company? 

 How do you evaluate current legislation incentives? 

 How can you evaluate government incentives for energy efficiency? 

 Do you invest money in research and development of energy efficient technology? 

 What is the risk level of such investment for your company? 

 Do you have enough information support on energy efficiency issues? 

 Do you find it easy to hire good specialists in the field of energy efficiency? 

 What is the most challengeable for you in energy efficiency performance? 

 What is the main driver for your company to promote energy efficiency? 
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Appendix B 

 

Data collection form for process-oriented energy performance analysis 

 

  

Stage of production Energy consumption Energy Resource Measurement

Waste Rock Drilling Diesel (example) litr

Waste Rock Blasting Explosive (example) kg

Waste Rock Moving (Bulldozer)

Waste Rock Transport

Waste Rock Loading/Excavating

Ore Drilling

Ore Blasting

Ore Moving (Bulldozer)

Ore Loading/Excavating

Ore Transport

Crushing

Grinding

Pumping

Other Processing

Diesel

Electricity, kWhe

Explosives

2015

Waste Rock, kilitons

Ore Extracted, kilitons

Ore Processed, kilitons
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Appendix C 

Interview guide for expert interviews 

 Do you have Management Representative and Energy Management Team within 

the company? 

 How the resources (personnel, technology, finance) are allocated within the com-

pany in order to manage energy performance? 

 How energy planning process is performed and documented? 

 Which production process are considered as areas of significant energy use? 

 Which systems/subsystems, equipment and personnel are related to these areas? 

 How the influence of each production process on the final energy consumption is 

assessed within the company? 

 What are the legal and other requirements related to energy use? 

 How energy efficiency opportunities are identified within the company? 

 How energy objectives and targets are set? 

 Is there an Action Plan in order to reach stated objectives? 

 How the communication between different mine sites and operational units on en-

ergy consumption is organized and performed within the company? 

 How energy performance monitoring is performed? 

 Do you have energy performance indicators within the company? 

 How energy performance indicators are stated and analyzed within the company? 


