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Abstract: Systematic and effective risk management in energy performance contracting (EPC)
projects requires a sound understanding of the main risks faced by energy service companies (ESCOs)
and other energy service providing companies (ESPCs), which accomplish such projects under
vulnerable market conditions in Russia. This study explores the EPC project risks (risk factors and
their causes) and develops a risk analysis framework that is applied to three Russian sectors: (1)
industrial; (2) housing and communal services; and (3) public. The identified general risks were
validated by Russian EPC practitioners in expert interviews. An analytic hierarchy process (AHP)
approach was then used to rank the identified risks in terms of their contribution to the riskiness of
EPC projects. The data were obtained from a web-based questionnaire survey conducted among
Russian ESCOs and ESPCs. For improving consistency of the obtained AHP results, the maximum
deviation approach (MDA) for 8×8 matrices and the induced bias matrix model (IBBM) for 3×3 and
4×4 matrices were applied. This study indicates that there is a need for a widely usable formal
approach for risk analysis and management in EPC projects in Russia. Causes of risk related to the
financial and regulatory aspects were found to contribute most to the riskiness of EPC projects
performed in all three focus sectors in that country.
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1 Introduction
Integrated service-based energy efficiency projects are considered to be one of the key
vehicles for energy efficiency improvements for and technical modernization of the Russian
economy,1 which is one of the most energy- and carbon-intensive economies in the world.
Energy performance contracting (EPC),2 a form of a contractual agreement on which such
projects are typically based, was introduced in Russia by Federal Law No. 261-FZ of 2009
“On Saving Energy and Increasing Energy Efficiency, and on Amendments to Certain
Legislative Acts of the Russian Federation” (hereafter “Federal Law No. 261-FZ”). EPC
projects enable clients to simultaneously reduce energy wastage, energy costs, and a
company’s carbon footprint and exposure to energy and carbon price volatilities, with only
minor (if any) investments (Hansen, 2006; Jackson, 2010; Naumoff and Shipley, 2007;
Russell, 2005).
Worldwide, most EPC projects are realized by energy service companies (ESCOs). In
Russia, in contrast, other types of companies may also accomplish EPC projects that provide
integrated energy services (hereafter “ESPCs” for energy service providing companies)3
(Garbuzova-Schlifter and Madlener, 2013). ESCOs refinance their project investments under
EPC through a guaranteed and actually achieved amount of energy savings that results from
the implemented energy conservation measures (ECMs) at the client’s site.
EPC projects are complex projects of an interdisciplinary character, the realization of
which bears technical and performance project risks for ESCOs. Depending on the form of
underlying contract, ESCOs may also assume investment and financial risks.4 These
prerequisites oblige ESCOs to know the main EPC project risks and, if certain risks cannot be
eliminated, to manage and mitigate these in order to guarantee the successful realization of a
project. Unknown and unmanaged risks have the potential to drastically reduce - or even
eliminate - the anticipated energy savings and, hence, also the expected profits of ESCOs
1

Russia’s technical potential of energy efficiency accounts to 45% of its total final energy consumption (TFC) as
of 2005 (World Bank and IFC, 2008).
2
The Federal Law. No. 261-FZ introduces a new form of a contractual agreement into Russia, literally translated
as an “energy service contract”. In this paper we use the widely adopted term “EPC” when referring to an
“energy service contract” in the specific Russian market context.
3
In this paper we refer to the term “ESPCs” as an umbrella term that encompasses several types of companies
(e.g. outsourcing energy management companies, energy retail companies, energy audit companies) that perform
EPC projects adjacent to ESCOs in Russia. For simplicity reasons, when considering risks associated with EPC
projects in the Russian market context, we refer only to ESCOs, implying ESCOs and ESPCs, unless we
explicitly differentiate between those types of company.
4
Detailed information on the ESCO concept and different contractual forms of EPC can be found in e.g. Bertoldi
et al. (2003); Bertoldi and Rezessy (2005); Dayton et al. (1998); Dreessen (2003); Garbuzova-Schlifter and
Madlener (2013); Gilligan (2011); Painuly et al. (2003); Sorrell (2007); and Vine et al. (1999).
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(Garbuzova-Schlifter and Madlener, 2014; Hansen, 2006; Mills et al., 2006; Wang and Chou,
2003). Therefore, the key to the success of EPC projects is a systematic and effective project
risk management (PRM) process, which generally consists of two phases: (1) risk analysis
and (2) risk management (Chapman, 2001). The risk analysis phase encompasses qualitative
risk analysis (risk identification and assessment) and quantitative risk analysis (risk
evaluation). The risk management phase, in contrast, implies control of the project progress,
execution of an “associated risk management plan” (Chapman, 2001, p. 149), and monitoring
of the effectiveness of planned and implemented risk countermeasures.
Practical experience shows, however, that EPC projects often underperform due to the
tendency of energy performance contractors to “avoid or devalue metrics that show evidence
of uncertainty” (Mills et al., 2006, p. 189) rather than to quantify them and, hence, to enable
risk management. Most experts use a “rule of thumb” to analyze risks associated with EPC
projects (Heo et al., 2011). Also, the academic literature does not provide a systematic and
widely acknowledged approach for risk analysis and management in EPC projects (Cook and
Bradford, 2012; Heimonen et al., 2007; Jinrong and Enyi, 2011; Lee et al., 2013; Mills et al.,
2006; Sheblé and Berleant, 2002; Wang and Chen, 2008).
In Russia, the market for energy services is just emerging and in spite of promising
forecasts and expectations, the progress of EPC projects has so far been rather slow and
disappointing. As no comprehensive research has been conducted so far (to the best of our
knowledge), the main risks of EPC projects faced by Russian ESCOs have still not been
systematically defined, classified, and quantified. Most EPC projects are therefore ranked as a
“risky” investment, and ESCOs suffer from the limited access to funds at reasonable rates in
Russia.
This paper aims at filling part of this research gap by providing a sound understanding of
the main risks associated with EPC projects that are realized under vulnerable market
conditions in Russia. In doing so, we restrict our attention to a risk analysis phase (risk
identification and assessment) of PRM by taking the complexity of EPC conclusion and
execution procedures explicitly into account. The focus is on three distinct sectors (hereafter
“focus sectors”), where most EPC projects up to now have been realized: (1) industrial; (2)
housing and communal services, focusing on multi-family apartment buildings (MFABs); and
(3) public. To this end, three research questions are formulated:
1.

What is the status quo of the international research on risks associated with EPC
projects?
3

2.

What are the main risk factors and causes of risk associated with EPC projects realized
in the three focus sectors that Russian ESCOs (and ESPCs) face?

3.

What are the causes of risk that are ranked highest and lowest in terms of their
contribution to the riskiness of EPC projects for each focus sector in Russia?

To tackle these three research questions, the analytic hierarchy process (AHP) (Saaty,
1977, 1980, 1986) method is applied, which is widely used in research and in practice.5 AHP,
a non-statistical methodology, determines the relative importance of a set of criteria to resolve
a complex multi-criteria decision making (MCDM) problem (Schniederjans and Wilson,
1991). As the decision-makers (DMs) are asked to provide their preferences on criteria
explicitly, AHP increases the transparency in a decision-making process and captures both
subjectivity and the necessary objectivity, which are required for an effective project risk
analysis (Dey, 2001; Parra-López et al., 2008; Saaty and Tran, 2007).
The subjective judgments of the relative importance of the specified criteria provided by
DMs should satisfy a certain consistency level defined in AHP. If this is not the case,
inconsistent judgments should be either reviewed by DMs, mathematically corrected by
analysts, or, if neither is possible, excluded from further calculations. For improving
consistency of the AHP results, this paper adopts two mathematical methods: (1) the
maximum deviation approach (MDA) proposed by Saaty (1980, 2003) and so named by
Gastes and Gaul (2012) and (2) the induced bias matrix model (IBBM), recently developed by
Ergu, Kou, Fülöp, et al. (2014); Ergu et al. (2011); Kou et al. (2013). These two methods are
executed in parallel. For each matrix order, each adjusted result was compared with the
original one to determine which of the two methods causes the minimal changes to the
original results and, hence, preserves as much original information as possible until the AHP
consistency condition has been satisfied. In doing so, the predefined acceptable number of the
inconsistent elements to be changed in the original results was set to 50% of the elements of
the upper triangle of a matrix.
This paper adopts the following definition of “risks” that ESCOs may face while realizing
an EPC project: Risks being generated by risk factors, which are triggered by causes of risk,
affect6 timely achievement of the guaranteed amount of energy savings and, hence, impede

5

A comprehensive review of the application fields of the AHP method can be found in Shim (1989); Vaidya and
Kumar (2006); Zahedi (1986).
6
In this paper, the impact of risk factors (and their causes) is assumed to have a “downside” (negative) effect on
EPC project performance; “upside” effects (opportunity management) are not considered (cf. Ward and
Chapman, 2003).
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refinancing of an EPC7 project in time and in full, through risk factors. A cause of risk is
defined as events or sets of circumstances “[…] which exist in the project or its environment,
and which give rise to uncertainty” (Hillson, 2006, p. 6). In contrast to some other risk
analysis studies applying AHP,8 we do not define “risk” in terms of its “probability and
impact” (Dikmen et al., 2004, p. 1150). The reason is that most DMs are limited in their
ability to provide precise decisions or assessments of probability or impact of an event (in our
case, of a risk factor or a cause of risk) (Dey, 2001; Kangari and Riggs, 1989; Mustafa and
Al-Bahar, 1991) without taking into account the concrete specifications of a certain project
(e.g. technology used, time schedule, sector of project realization, financial and budgetary
options).9
The reminder of this paper is structured as follows. Section 2 provides a concise review on
the international academic and professional literature on risks associated with EPC projects
faced by ESCOs. Section 3 outlines potentials for EPC projects in Russia and gives insights
into the EPC conclusion procedures based on the corresponding regulatory framework in
three focus sectors of the Russian economy. In Section 4, we highlight the theoretical
foundation and calculation steps of AHP and introduce a consistency improvement procedure
of the AHP results based on the MDA and IBBM methods. Section 5 describes the
identification procedure of the relevant risk factors and their causes in EPC projects. This
section also gives insights into a web-based questionnaire survey conducted among Russian
ESCOs (and ESPCs). Section 6 discusses the main risk factors and their causes, and
introduces three distinct risk hierarchies for EPC projects realized in each of the focus sectors.
Finally, in Section 7, the results of the survey are highlighted by introducing a ranked order of
the identified risk factors and their causes in terms of their contribution to the riskiness of
EPC projects. Section 8 provides a discussion of the main insights and limitations of this
study as well as future research needs in the field, and then concludes.
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This definition of risks is built on the definition given by Hansen (2006) and runs through the whole research
paper.
8
See, for example, Gaudenzi and Borghesi (2006); Saaty (1987); Tan and Li (2012); and Zayed et al. (2008).
9
Moreover, some probability of risk factor or cause occurrence may be falsely assessed because, for example,
DMs may intuitively presume that “controllable” risks have a lower probability of occurrence (Dikmen et al.,
2004).
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2 Academic and professional perspectives on risks associated with EPC
projects: Literature review
Relevant research on risks associated with EPC projects can be classified as follows: (1)
research on frameworks of general risks that affect the performance of ESCOs and EPC
projects (Hansen, 2006; Mills et al., 2006); (2) research on methods for risk quantification in
EPC projects (Jackson, 2008; Lee et al., 2013; Sheblé and Berleant, 2002); and (3) research
on risks in EPC projects that Chinese ESCOs face (market analysis) (Jinrong and Enyi, 2011;
Li, 2012; Wang et al., 2008; Xiaohong et al., 2011).
In line with the first research area, Mills et al. (2006) propose a framework of general risks
associated with EPC projects. The authors classify the identified risks depending on whether
intrinsic or extrinsic project volatilities affect energy consumption of a facility. While intrinsic
volatilities are measurable, verifiable, and controllable, extrinsic volatilities are considered to
be hedgeable (Mills et al., 2006). To control and manage the identified risks, the authors
develop a list of possible countermeasures that ESCOs should apply when realizing EPC
projects.
Hansen (2006) provides an overview of the main EPC project phases. For each phase, the
author discusses corresponding risks and issues. In the first phase, a customer prequalification phase, an ESCO needs to assure that a customer remains in business during the
EPC project realization period. To this end, a customer should be pre-qualified in terms of the
following factors: (1) financial and economic (e.g. creditworthiness; business prospects); (2)
facility and technical (e.g. building age; occupancy schedules and potential changes;
condition of mechanical equipment; existing level of maintenance); (3) skill/human resources
(e.g. top management commitment; operation and maintenance (O&M) manpower; abilities
and training needs).
A project development phase is the second phase, where an ESCO identifies key DMs on
the client’s side, the latter of which are responsible for “buy” or “no buy” decisions. Results of
an investment grade audit (IGA),10 in this phase conducted in addition to a standard energy
audit, and the availability of the reliable documentation on a facility allow a more accurate
assessment of a project’s base year/baseline and, hence, of the expected energy savings. The
focus is also laid on the careful equipment selection and installation required for the
10

A standard energy audit assumes conditions that are present during an audit day and, hence, provides only a
static consideration without reflecting possible changes that could occur during realization of a project. In
contrast, the IGA also considers the so-called risk assessment component of the facility conditions and a human
factor (Hansen, 2006).
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implementation of ECMs.
In the third phase of an EPC project, Hansen (2006) advocates the application of a
commissioning process to reduce project risks, which is defined as “[…] the process of
ensuring that systems are designed, installed, functionally tested, and operated in
conformance with the design intent” (ASHRAE, 1996, p. 23).
The fourth phase, operation & maintenance (O&M), requires the timely and effective
accomplishment of tasks. Risks, associated with this project phase, depend on whether the
installed equipment is maintained by an ESCO or by a contractor that works for an ESCO
(e.g. on a performance basis), or by employees of the client.
In the fifth phase, measurement and verification (M&V), Hansen (2006) recommends
applying one of the M&V protocols used in practice, such as the international performance
measurement and verification protocol (IPMVP).11 IPMVP is a guideline for M&V of
achieved energy- and financial savings in EPC projects worldwide (IPMVP TC, 2002) and
aims at the reduction of performance-related risks that could affect an M&V procedure of
energy savings achieved through ECMs.12 IPMVP presumes that risks could be reduced to
some acceptable level13 and allocated in terms of contracts among the contractual parties with
potential monetary consequences in case risks occur (IPMVP TC, 2002).
Despite a wide usage of IPMVP in practice, which is a deterministic approach, the
calculation of absolute values of the expected energy savings applied in IPMVP has been
widely criticized (Hansen and Brown, 2004; Heo et al., 2011). Moreover, some of the risks
that could potentially cause underperformance of EPC projects are only identified but not
quantified in line with IPMVP. Therefore, by applying IPMVP, ESCOs are able to provide
facility owners (clients) only with one pre-defined minimum amount of energy savings,
estimated for each planned ECM without taking into account risk dynamics (Heo et al., 2011).
The second research area that is related to risk quantification methods applied in EPC
projects includes the following studies. Sheblé and Berleant (2002) introduce a concept of
value at risk (VaR) as a possible risk assessment and management tool for EPC projects. To
calculate the VaR, the authors divide risk into two components: (1) risk of non-ability to serve
the client with sufficient energy; and (2) contract violation risk. Jackson (2010) introduces a

11

A detailed discussion on further M&V guidelines, such as ASHRAE Guidelines, FEMP M&V, and others, is
beyond the scope of this research paper.
12
The IPMVP provides M&V procedures not only for energy efficiency projects but also for water efficiency
and renewable energy projects (IPMVP TC, 2002).
13
In M&V calculations, an acceptable level of uncertainty can be represented as “[…] a function of the level of
savings and the cost-effectiveness of decreasing uncertainty” (IPMVP TC, 2002, p. 43).
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new concept of energy budgets at risk (EBaR) as a risk management tool, elaborated
specifically for the energy efficiency investment analysis. EBaR is based on the VaR concept
and in order to “[…] provide information on the distribution of expected savings with an
explicit consideration of risk” (Jackson, 2010, p. 3868), it allows risk quantification by
evaluating historical energy use data, weather data, engineering-based efficiency savings
analysis data, and others. Heo et al. (2011) propose a methodology based on a Bayesian
calibration of building energy models, which enables risk quantification while evaluating
ECMs for building retrofits. The authors motivate application of the Bayesian approach on
account of its ability to quantify uncertainties in energy models and to consider additional
uncertainties that may arise while implementing ECMs. Energy savings are considered as
output and are derived in probabilistic form, which allows their conversion into risks of
project underperformance that come from ECMs (Heo et al., 2011).
The third research area contains studies on risks associated with EPC projects that Chinese
ESCOs face. Jinrong and Enyi (2011) conduct a qualitative and quantitative analysis of
engineering and other risks of EPC projects in China. The qualitative risk analysis covers
causes, consequences, and signs of risks. The quantitative part of this risk analysis combines
the expert investigation scoring method with fuzzy set theory (Jinrong and Enyi, 2011). Wang
and Chen (2008) provide an index system for risk assessment of EPC projects in China by
applying a fuzzy synthetic evaluation method. In particular, they highlight seven risk groups
with integrated risk factors, which are presumed to be typical for the Chinese ESCO market.
Shang et al. (2008) also provide a short analysis of the risk factors that affect performance of
EPC projects in China and summarize those into five groups: (1) policy risks; (2) market
risks; (3) financing risks; (4) running risks; and (5) benefit risks. In addition, as done by Wang
and Chen (2008), the authors provide a risk index system based on fuzzy set theory.
The main general risks that ESCOs may face while realizing EPC projects are extracted
from the academic and professional literature mentioned above and summarized in Table A.1
(Appendix A). The provided risk overview serves as a reference point for the semi-structured
interviews with the Russian EPC experts (cf. Section 5).
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3 Russian ESCO industry background: EPC projects in the focus sectors
The Russian ESCO industry is a high-potential emerging industry. The Governmental
Information System on Energy Savings and Efficiency Improvements (GISEE), by referring
to Sberbank, indicates that the market potential for the ESCO business in Russia amounts to
RUB 500 billion per year (around €8.45 billion, exchange rate November 17, 2014).14 The
expected investments into the Russian ESCO market are estimated to sum up to some RUB
3.5 trillion (around € 59.1 billion, exchange rate November 17, 2014) by 2015 (GISEE, 2013).
These figures seem highly optimistic, as to date this market potential has been barely realized
and the development of the Russian ESCO industry can be characterized as unassertive due to
the numerous high risks and barriers involved.
3.1

EPC in the Russian industrial sector

Status quo of the Russian industrial sector
The Russian industrial sector consumes the largest share of TFC, accounting for 213.8 Mtoe
(46.2%) in 2012,15 and it has been growing most rapidly in terms of TFC since 2002 (IEA,
2014). The energy intensity of the Russian industrial sector has been estimated to be up to
three times higher than in developing countries (Sivaev, 2011). One of the main reasons is
that the level of abrasion of the main stock of the industrial facilities has reached almost 50%
(Rosstat, 2013b).

Regulatory basis and EPC conclusion procedure in the Russian industrial sector
There are only few guidelines and targets for energy efficiency improvements in the industrial
sector in Russia (IEA, 2014). Art. 16.1, item 5, of the Federal Law No. 261-FZ postulates that
all industrial facilities with annual energy costs exceeding RUB 10 million (around €169,000,
exchange rate November 17, 2014) are obliged to conduct an energy audit by December 31,
2012 and to obtain an energy passport issued by an energy audit company (EAC).16
Subsequent mandatory energy audits of the facilities ought to be performed at least once
every five years. In practice, however, by the end of 2012 only around 10% of energy14

1 RUB = € 0,0169 for November 17, 2014 (OANDA, 2014).
The iron and steel facilities are responsible for 29% of the TFC; chemicals for 23%; non-metallic minerals
(e.g. cement) for 12%; and non-ferrous metals (e.g. aluminum) for 5% (IEA, 2014, p. 51).
16
In contrast to the ESCO business models applied in other countries, an energy audit of a facility is not a
mandatory part of the services offered by Russian ESCOs and is normally realized by a specialized EAC, as
postulated in the Federal Law No. 261-FZ.
15
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intensive organizations were providing energy passports and documentation that confirmed
the accomplishment of mandatory energy audits to the Ministry of Energy. Thereof, only 1%
was of high quality (IEA, 2014).
In recent years, increasing energy prices have triggered some interest among facility
managers to EPC. To date, several financial schemes for EPC projects with Russian industrial
clients have evolved: (1) an ESCO (or an ESPC) finances an EPC project through its own
funds; (2) an ESCO (or an ESPC) borrows funds from a bank or other lender; (3) an industrial
organization borrows funds from a bank.17
In the following, we shortly outline several steps of the EPC conclusion procedure for the
second case, when an ESCO borrows funds from a bank or other lender. The corresponding
interrelations among the parties involved in an EPC project are illustrated in Fig. 1.

Fig. 1: Organizational chart of an EPC project realized in the Russian industrial sector
Source: Belov (2011), own translation and adjustments

First, an industrial company assigns an EAC to conduct an energy audit of a facility and to
estimate its energy savings potential. Second, based on the results of an energy audit, an
ESCO elaborates a technical and economic feasibility study and a financial plan for an EPC
project to be submitted to a bank or other lender. Third, after receiving funding, an ESCO
closes an EPC with a client and guarantees that a certain amount of energy savings will be
achieved. An ESCO implements the agreed ECMs and eventually involves subcontractors
required in some project phases. In addition, an ESCO may close an O&M contract with the
industrial company; accordingly the industrial company reports facts and figures on its energy
consumption. Fourth, an ESCO measures and verifies the achieved energy savings, based on
the premise that the industrial company will remunerate the ESCO (Belov, 2011).
17

To date, however, most of the energy efficiency projects in the industrial facilities are realized through leasing
schemes (Andrianov et al., 2012; Garbuzova-Schlifter and Madlener, 2013).
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3.2

EPC in the Russian housing and communal services (MFABs) sector

Status quo of the Russian housing and communal services (MFABs) sector
The Russian housing and communal services sector (residential sector) is ranked second after
the industrial sector in terms of TFC.18 In 2012, 109.2 Mtoe (23.6%) of the country’s TFC
were consumed in residential buildings (IEA, 2014). Thereof, 45% of energy consumed was
used for space and water heating, given that most MFABs are still equipped with centrally
operated heating systems, so that most residents are unable to manage their individual heating
demand (Sivaev, 2011). In 2012, the deterioration level of the Russian MFABs reached 60%
and in some regions even 80% (Sockart, 2014). These figures reveal the urgent need for major
retrofits and repairs that go along with major energy efficiency improvements.

Regulatory basis and EPC conclusion procedure in the Russian housing and communal
services (MFABs) sector
The Federal Law No. 261-FZ postulates that every MFAB has to be equipped with energy and
water metering devices (and further resource control systems) at the individual (apartment)
level and the entire building level by January 1, 2012. The yearly data, taken from the
installed meters, should serve as a basis for the calculation of a base year index of an
MFAB.19 Moreover, for every MFAB, a pre-defined energy efficiency category should be
indicated (Minregion, 2011). To improve MFABs’ energy efficiency, an ESCO closes an EPC
directly with a managing company of the housing and communal services of an MFAB
(hereafter “MC” for “managing company”).20 The EPC conclusion procedure between an MC
and an ESCO implies the following steps (Fig. 2). First, an MC assesses an energy saving
potential of an MFAB based on the (primarily) energy audit data that is delivered, in most
cases by an EAC (rarely by an ESCO itself). Based on this data, a technical and an economic
18

By the end of 2012, the total floor space of Russia’s housing stock amounted to 3.349 million m 2. In 2012,
around 87% of it was privately owned, while the share of the total housing stock in urban settlements reached
72.5% (Rosstat, 2013a). There are around 3.2 million MFABs, which equals 70% of the total housing stock in
Russia (EBRD and IFC, 2012).
19
A base year index should reflect the sum of the specific energy consumption per year needed for heating,
ventilation, hot water supply, and electricity required for common property (common basement, foyer, stairs etc.)
of an MFAB (Minregion, 2011).
20
In Russia, in 2012, around 77.5% of all MFABs were managed by a specialized managing company of
housing and communal services; 16% by home-owner associations, building/housing co-operatives, or other
consumer cooperatives; 4.9% by an elected apartment owner in an MFAB; and others (Sockart, 2014). All these
organizations (or persons) can be considered as a contract party for ESCOs and ESPCs in an EPC project
realized in MFABs. Note that in order to avoid confusion, we refer to a “managing company of housing and
commercial services” (MC) as an “umbrella” term for all possible contract parties of ESCOs and ESPCs in this
context.
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feasibility study is conducted, and a list of suitable ECMs is elaborated either by an EAC or
an ESCO. In the aftermath, an ESCO develops a financial plan for investment recovery that
will result from the expected energy savings and is represented in terms of reduced communal
payments.

Fig. 2: Organizational chart of an EPC project realized in the Russian housing and communal services
(MFABs) sector
Source: Belov (2011), own translation and adjustments

Second, the Federal Law No. 261-FZ obliges an MC to organize a general meeting with
the residents (apartment owners) of an MFAB.21 In this meeting, the MC communicates and
discusses terms and conditions of an intended EPC project that include (1) the amount of the
expected communal payments reduction resulting from energy savings; (2) the costs of an
EPC project and the corresponding financial plan; (3) the duration of an EPC project; and
other issues (RG, 2006). Art. 45.3 of the Housing Code of the Russian Federation No. 188-FZ
(hereafter “HC”) considers such a general meeting to be valid if it constitutes a quorum of
more than 50% of all owners’ votes in an MFAB (HC, 2004).22 Art. 46.1 of the HC stipulates
that if major improvements, reconstruction, and technical modernization of an MFAB are
planned, more than two thirds of the votes of all apartment owners will be required in favor of
such undertakings. However, according to Art. 19.4 of the Federal Law No. 261-FZ, an EPC
will not come into force until each apartment owner in an MFAB has provided their consent
to an EPC project (including every planned ECM) in written form to an MC. The current
regulation implies, therefore, a 100% voting share of residents (apartment owners) on EPC in
21

The aspects of an EPC which an MC needs to communicate during the meeting of apartment owners are
defined in Governmental Resolution No.491, which regulates issues of common property in an MFAB (dated
August 13, 2005; last amended on March 26, 2014).
22
The votes of the apartment owners are calculated as a proportion of the square meters owned by each of them
in an MFAB.
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an MFAB.
Third, if the required number of owner votes on the conclusion of an EPC is reached, an
MC is obliged to confirm this result (in written form) to all apartment owners in the MFAB.23
Fourth, after an EPC has been closed between an ESCO and an MC, an ESCO implements the
ECMs agreed upon. The ECMs are financed either through ESCOs’ own funds or through
lending funds. Furthermore, an ESCO measures and verifies the achieved actual energy
savings by – ideally - fixing these in an M&V protocol. On this basis, an MC distributes
payments to an ESCO, which constitute a certain percentage of the actual energy savings.
Fifth, depending on the contractual agreement, the residents24 in an MFAB pay for
communal services either the “old” rate or already the “reduced” one to an MC during EPC
project duration. The final reduction of energy bills results from the actual energy savings, as
defined in the contractual agreement, which should be divided up between the residents of an
MFAB at a previously agreed share (ACGOV, 2014b, 2014d). Specifically, the ownership of
the installed equipment after the completion of an EPC project should occur proportionally to
property shares among the apartment owners in the MFAB (ACGOV, 2014c).

3.3

EPC in the Russian public sector

Status quo of the Russian public sector
According to the Ministry of Finance of the Russian Federation (Minfin), around 201,648
organizations and institutions are operating in the Russian public sector (Minfin, 2011).25
Official statistics on the exact number of buildings in the public sector, however, are scarce.
Considering that each public organization or institution runs one or two buildings, we can
assume quite safely that there are more than 300,000 public buildings in Russia (cf. Sivaev,
2011).
Furthermore, reliable and accurate statistics on energy consumption in the Russian public
sector are likewise scarce. The share of energy consumption in the public sector (including the
commercial services sectors) reaches 10.1% of Russia’s TFC (IEA, 2014). The potential of
23

The owners’ agreement on EPC should ideally include a description of the planned ECMs; the name of the
ESCO; and an assignment of an MC to close the EPC with this particular ESCO (ACGOV, 2014d).
24
Generally, payment for an EPC project occurs in a separate form from payment for housing and communal
services. The residents (apartment owners) in an MFAB can control an EPC project realization advancement
through a unified payment document that includes actual energy savings, corresponding to the financial payment
reductions achieved, as well as project fees/rates paid by an MC to the ESCO involved (ACGOV, 2014d).
25
Russian public organizations operate in the following fields of activities: healthcare (12,354 organizations);
culture (40,007 organizations); education and sciences (113,860 organizations); social services (6867
organizations); mass media (1172 organizations); and others (27,388 organizations) (Minfin, 2011).
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energy efficiency in public buildings is estimated to amount to 40-42% of TFC, thereof 49%
is used for space heating (Sivaev, 2011; World Bank and IFC, 2008). In cases where the given
energy efficiency potential has been reached, investors and/or end-users could have saved
about $3.5 to $5 billion of annual energy costs, estimated at 2007 prices (World Bank and
IFC, 2008, p. 10).

Regulatory basis and EPC conclusion procedure in the Russian public sector
Art. 24 of Federal Law No. 261-FZ states that every public institution is obliged to reduce its
energy (and water) consumption by 15% during the five-year period beginning January 1,
2010 (Andrianov et al., 2012). Non-achievement of this goal means that a public organization
would receive 10-15% less funding than would be the case for 2009. Furthermore, it was
postulated that all public buildings should undergo an energy audit and become equipped with
metering devices by January 1, 2011 (Federal Law No. 261-FZ Art. 13.3). This deadline,
however, was not meet by most of the public organizations. Therefore, most public buildings
are currently still not equipped with such devices (Andrianov et al., 2012; Sivaev, 2011).
Art. 21 of Federal Law No. 261-FZ postulates conclusion of a governmental or municipal
EPC project in the public sector. A base year for an EPC project should be predicated from
the metering data available for 2009. Where no metering data is available, the base year is
determined from the energy volume agreed with, and delivered by, a retail company in 2009.
Governmental Resolution No. 636 “On the Requirements for Energy Service Contract Terms
and the Particularities of Determining the Starting (Maximum) Contract Price (Lot Price) for
Energy Services”, dated August 18, 2010, introduces the main requirements for conditions of
an EPC project implemented in the public sector.
Federal Law. No. 94-FZ, dated July 21, 2005 “On Placement of Orders to Supply Goods,
Carry out Works and Render Services for Meeting State and Municipal Needs“ (last amended
in 2011) establishes and regulates EPC within the public procurement system (Evans et al.,
2012). The last amendments of Art. 72.3 of the Budget Code of the Russian Federation No.
145-FZ allow public institutions to conclude EPC for a longer term than the duration of the
federal special-purpose programs, which have a limited amount of the budgetary obligations;
part of these obligations may now also be used for the remuneration of ESCOs, as measured
by the actual energy savings.26 Minfin letter no. 02-03-06/5448 (dated December 30, 2010)

26

Before this amendment came into force, the Budget Code of the Russian Federation did not permit public
organizations to close an EPC “[…] if the term went beyond the three-year budgeting cycle” (Andrianov et al.,
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stimulates overachievement of the actual energy-saving set of goals, as public institutions are
now allowed to reallocate the budget savings that result from the increase of energy efficiency
for their further needs (e.g. wage rise) (Minfin, 2010).
There are several possible operational schemes for conclusion of an EPC between an
ESCO and a public organization. One of those is illustrated in Fig. 3 and encompasses five
steps. First, a municipal government develops documentation of a public tender for an EPC
project, which is based on the results of an energy audit accomplished by an EAC. Such
tenders define a maximum price and duration of an EPC project as well as a list of the
anticipated ECMs aiming at the achievement of a certain energy saving goal. Second, to
elaborate their offers, ESCOs intending to participate in a certain project tender are allowed to
visit the client’s site.

Fig. 3: Organizational chart of an EPC project realized in the Russian public sector
Source: Belov (2011), own translation and adjustments

Third, a “best” offer can be identified among those of bidding ESCOs either through a
public competitive tender or through an auction procedure. Normally, the main criterion for
selecting a “best” offer is the lowest price for the accomplishment of an EPC project. Fourth,
a municipal institution signs an EPC with an ESCO that has provided the “best” offer. During
the EPC project duration, an ESCO measures and verifies the actual energy savings. Fifth, a
municipal government remunerates an ESCO with a monthly amount that results from the
actual energy savings. After an EPC project has been finished, the ownership rights for the
installed equipment are transferred to a municipality or other public body (Belov, 2011).

2012, p. 338). This regulation heavily impeded the implementation of long-term EPC projects in the public
sector.
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4 Model development
4.1

Analytic hierarchy process (AHP)

Being a “systematic and comprehensive” approach (Saaty, 2013a, p. 1101) for complex
decision-making procedures, AHP is one of the most widely used MCDM methods. It is
based on four mathematical axioms (Saaty, 1986, 2000): (1) the reciprocal axiom; (2) the
homogeneity axiom; (3) the synthesis axiom; and (4) the expectations axiom.27 Moreover,
AHP builds upon three basic principles: (1) decomposition; (2) comparative judgments; and
(3) synthesis of priorities (Saaty, 2000). Based on these axioms and principles, the AHP
calculation can be performed in several steps (Steps 1-4, 6, and 7; this paper introduces a new
Step 5, a consistency improvement procedure for the AHP results):
Step 1: Decomposition of a decision problem into a hierarchy
By employing a decomposition principle, this step implies breaking down a decision problem
into a hierarchical structure with a goal at the highest hierarchy level; criteria affecting that
goal at the second level; sub-criteria and alternatives at the further succeeding hierarchy
levels.
Step 2: Establishment of a comparison matrix A
A principle of comparative judgments underlines this step. The relative importance of the
elements is obtained from subjective judgments of DMs on dominance of one element over
another at an equal hierarchy level with respect to a “[…] shared criterion or property in the
level above” (Saaty, 2000, p. 337), also called “parent element”, by using a fundamental 1-9
ratio scale of absolute numbers (cf. Table A.2, Appendix B) (Saaty, 1977, 1980, 1986,
1994).28 AHP requires 𝑛(𝑛 − 1)/2 pairwise comparisons for an 𝑛 × 𝑛 comparison matrix 𝐴,
which is built upon the comparisons provided by DMs given their reciprocal property. 𝑤𝑖
indicates a weight of element 𝑖, and 𝑤𝑗 the weight of element 𝑗 (eq. (1)):
𝐴 = [𝑎𝑖𝑗 ],

𝑎𝑖𝑗 = 𝑤𝑖 ⁄𝑤𝑗 ,

𝑎𝑗𝑖 = 1⁄𝑎𝑖𝑗 ,

𝑎𝑖𝑖 = 1.

(1)

Step 3: Calculation of the exact priority weights (priority vector 𝐖)
AHP uses the right eigenvector method to calculate the weights of a priority vector, 𝑊 =
27

The definitions and discussion of these four axioms can be found in e.g. Forman and Gass (2001); Saaty
(2000).
28
The fundamental ratio 1-9 scale, including corresponding reciprocals, contains a total of 17 different values.
The larger the numerical values of the scale selected by a DM, the greater the degree of importance (preference)
of one element over another in a given comparison (Schniederjans and Wilson, 1991).
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(𝑤1 , … , 𝑤𝑛 ), by raising a judgements matrix 𝐴 to a sufficiently large power by increasing
powers of 𝑘, where 𝑒 is a unit vector (eq. (2)). The obtained priority vector is then normalized
by dividing each element of the vector by a sum of the corresponding row.29 The process
described is stopped and 𝑊 is accepted when the difference between all elements of a priority
vector obtained at the 𝑘th and the next ((𝑘 + 1)th) power is less than some “prescribed
decimal” value30 (Saaty, 1980; 1991, p. 6; Saaty, 2008), i.e.
𝐴𝑘 𝑒

𝑊 = lim𝑘→∞ 𝑒 𝑇 𝐴𝑘 𝑒.

(2)

Step 4: Consistency examination
4.1

Consistency: AHP does not require perfect consistency, because DMs provide

judgments on their relative preferences and “[…] in making judgments people are more likely
to be cardinally inconsistent than cardinally consistent because they cannot estimate precisely
measurement values even from a known scale and worse when they deal with intangibles
[…]” (Saaty, 2003, p. 86). The maximum (or principal) eigenvalue, 𝜆𝑚𝑎𝑥 , is determined by
solving eq. (3), presented in Saaty (1980, p. 50):
𝐴𝑤 = 𝜆𝑚𝑎𝑥 𝑤.

(3)

For the fully consistent matrix 𝐴, the maximum eigenvalue is equal to the size of the
matrix, to wit 𝜆𝑚𝑎𝑥 = 𝑛, and is, therefore, considered to be a measure of consistency of
judgments by indicating some inconsistency, when 𝜆𝑚𝑎𝑥 ≠ 𝑛 (Saaty, 1980, p. 17). To provide
a measure of degree of inconsistency, namely the deviation between 𝜆𝑚𝑎𝑥 and 𝑛, a measure of
inconsistency for each matrix that consists of three following indexes is defined:
i.

Consistency Index (CI) for the 𝑛 × 𝑛 comparison matrix with the largest eigenvalue
(𝜆𝑚𝑎𝑥 ) is defined as a deviation from consistency31 and can be calculated by eq. (4):
𝐶𝐼 =

𝜆𝑚𝑎𝑥 −𝑛
𝑛−1

(4)

.

ii. Random index (RI) is an average randomly generated consistency index derived from
the 1-9 scale of the same order matrices. RI can be retrieved from Table 1.
Table 1: Order of a matrix and the average RI
Size of matrix (𝒏)

1

2

3

4

5

6

7

8

9

…

15

Average RI

0

0

0.58

0.90

1.12

1.24

1.32

1.41

1.45

…

1.59

Source: Saaty (1980, p. 21)
The normalization condition assumed is ∑𝑛𝑖=1 𝑤𝑖 = 1 (Saaty, 2001).
In this paper, for simplicity reasons, the procedure described above is stopped when the difference between the
priority vectors at the 𝑘th and at the next ((𝑘 + 1)th) power became equal to zero.
31
CI is also referred to as an indicator of “closeness to consistency” (Saaty, 1980, p. 51).
29
30
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iii. Consistency Ratio (CR)32 is a ratio of CI to RI for the same order matrix (eq. (5)) that
indicates the probability that a DM provided pairwise comparison judgments at
random (Byun, 2001; Saaty, 1980), i.e.
𝐶𝑅 = 𝐶𝐼⁄𝑅𝐼 .

4.2

(5)

Consistency judgment: Values of 𝐶𝑅 ≤ 0.1 are considered to be acceptable (hereafter

“𝐶𝑅 condition”); values of 𝐶𝑅 ≤ 0.2 may be tolerated as well (Byun, 2001; Saaty, 1991, p.
7).
Step 5: Consistency improvement of the AHP results
Where an obtained judgment matrix does not fulfill the 𝐶𝑅 condition (𝐶𝑅 ≤ 0.1), three
options may be considered to precede further calculation steps of AHP:
(1)

An inconsistent judgment matrix is eliminated from further AHP calculations. This
procedure implies, however, the loss of complete information gained from a DM to the
specific pairwise comparisons summed up in the eliminated judgment matrix;

(2)

A DM revises his or her inconsistent judgments and approves the changes until the
acceptable level of 𝐶𝑅 has been reached and the inconsistency issue has been solved
(cf. Li and Ma, 2007). In this study, though, the accomplishment of such an interactive
revision process is not feasible, because the web-based questionnaire survey was
conducted in anonymized form (cf. Section 5).33 This specific respondent, who would
have to improve his or her judgments in a more consistent manner, could not be
identified. Even in the case of a non-anonymized survey, most participants from
middle and upper management levels would presumably lack the time and capacity to
revise their inconsistent judgments. Moreover, accomplishment of the interactive
revision of the inconsistent judgements would become costly, especially in an
international study.

(3)

Several mathematical methods suggested in the scientific literature can be applied for
consistency improvements of matrices. Most of these methods modify the inconsistent
matrix until a “new” matrix meets the 𝐶𝑅 condition. Although some of these methods
attempt to preserve as much of the original information as possible, most of them
intervene in the original matrix data by modifying it too strongly (e.g. Benítez et al.,

The 𝐶𝑅 value for all 2×2 matrices equals to zero (𝐶𝑅 = 0), as only two criteria have to be evaluated.
Our research team received the obtained data in a coded manner from the subcontractor responsible for the
recruitment of the survey participants from Russian ESCOs and ESPCs.
32
33
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2011; Cao et al., 2008; Gao and Shan, 2012; Lamata and Pelaez, 2002; Xu and Wei,
1999; Xu, 2004). Other methods are considered to be unpractical and complex during
the revision process, as e.g. Ergu et al. (2011) state.
For cases where the judgment matrix does not fulfil the 𝐶𝑅 condition, this study applies
two mathematical methods for consistency improvements: (1) the Maximum Deviation
Approach (MDA) (Saaty, 1980, 2003)34 and (2) the Induced Bias Matrix Model (IBBM) (Ergu,
Kou, Fülöp, et al., 2014; Ergu et al., 2011; Kou et al., 2013). Both methods identify a most
inconsistent element in the inconsistent original judgement matrix; this element and its
reciprocal need to be replaced. If, after such an adjustment, the desirable 𝐶𝑅 value of a
judgment matrix has still not been reached, the next inconsistent element is then identified and
replaced. This procedure is repeated until the 𝐶𝑅 condition has been met.35
However, neither of these two methods controls for the maximum number of elements that
need to be changed in an inconsistent matrix in order to achieve the desired value of 𝐶𝑅. This
becomes an issue when all elements of the upper triangle of a judgment matrix, either in one
round or even in several rounds, have to be changed in order to fulfill the 𝐶𝑅 condition, thus
leading to a complete loss of the original information provided by DMs.
This paper employs, therefore, the following procedure for the consistency improvement of
the inconsistent matrices with 𝐶𝑅 > 0.1. First, the MDA and the IBBM are applied to
inconsistent matrices in parallel in order to determine which of these two methods induces
only minimal changes in the original matrix. In doing so, the following three bottom-up
conditions are assumed:
I.

Only 50% of all elements36 in the upper triangle and their corresponding reciprocals in
the original 𝑛 × 𝑛 matrices37 can be adjusted. Each calculation round implies
identification of one inconsistent element in a matrix and adjustment of this element
and its reciprocal, as required by the MDA- or the IBBM-methods, followed by a
recalculation of the 𝐶𝑅 value for the “adjusted” matrix. Even though the relative
relationship among the “new” weights does not change significantly, the absolute
range of weights changes with each calculation round and, hence, affects the priority

34

The MDA is applied for consistency improvement in the commercially available AHP software Expert Choice
(Saaty, 2003).
35
Calculation steps for the MDA and the IBBM are presented in Appendix C and D, respectively.
36
The total number of the elements in the upper triangle of a matrix is given by 𝑛(𝑛 − 1)/2.
37
For instance, the 4×4 matrix constitutes six elements in the upper triangle; 50% of these correspond to three
elements that may be changed if they appear to be inconsistent (also, the corresponding three reciprocals have to
be adjusted).
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order of the elements at the aggregated level;
II.

For the matrices, which after adjustment in accordance to (I), still do not meet the 𝐶𝑅
condition and require more than 50% of the elements in the upper triangle to be
changed, the 𝐶𝑅 condition of 𝐶𝑅 < 0.1 is released. Such matrices are accepted for the
further AHP calculation steps only in the case where 𝐶𝑅 ≤ 0.2. The loosening of the
𝐶𝑅 condition allows keeping as much as possible of the original information contained
in the comparative judgments provided by DMs;

III.

The judgment matrices that disclose 𝐶𝑅 > 0.2 and require changes of more than 50%
of the elements in their upper triangle to meet the 𝐶𝑅 condition are excluded from
further AHP calculation steps. For the aggregation of the individual priorities to a
group priority (Step 6), the missing weights of the elements of the excluded matrices
are then replaced by corresponding average weights (mean values) of the remaining
weights, obtained from the judgments of DMs that fulfil the conditions (I) and (II).

Second, by comparing each adjusted matrix with the original one, it can be identified
which of these two methods (MDA or IBBM) induces only minimal changes of inconsistent
elements until the conditions (I) and (II) have been met. After such comparison, the
effectiveness of these methods is judged separately for each matrix size that appeared in this
study.
The further calculation is organized as follows. For the matrices whose 𝐶𝑅 values satisfy
the 𝐶𝑅 condition, Step 5 is skipped, and the calculation is continued directly with Step 6.
Otherwise, the procedure of consistency improvement described in Step 5 is applied. After the
desired value of 𝐶𝑅 has been reached, the adjusted matrices, which are closer to the original
ones and, hence, preserve as much as possible of the original information, are then used for
AHP calculations in Steps 6 and 7.
Step 6: Aggregation of the individual preferences into group (local) preferences
This study uses the method of aggregation of individual (final) priorities (AIP) across DMs to
derive local priorities38 of the elements with respect to their parent element. The reason for
the usage of AIP is that survey participants in our study (DMs) do not build a homogeneous
group: they take on different functions in their companies; they are presumed to be
independent from each other and to have different value systems; and they are separated

38

The local priorities (weights) represent relative priority or importance of an element in a node with respect to a
corresponding parent element at the hierarchy level above (Saaty, 1991; Wedley, 1990). The local weights sum
up to unity and are given by a priority vector 𝑊 = (𝑤1 , … 𝑤2 ), derived in Step 2.
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geographically. Moreover, DMs participated in anonymous form in the survey and, hence,
were unable to interact and to reach any consensus in their judgments (Forman and Peniwati,
1998).39
The AIP40 is calculated by the weighted (non-normalized) geometric mean, given by eq.
(6), where 𝑔𝑗 refers to the group (local) priority of criteria 𝑗 with respect to a corresponding
parent element of the hierarchy; 𝑤𝑗 is an individual local priority of criteria 𝑗 with respect to a
corresponding parent element of the hierarchy; 𝑛 indicates the number of DMs, and 𝑘 is the
weight of an individual DM in a group (we assume ∑𝑛𝑖=1 𝑘𝑖 = 1) (Forman and Peniwati, 1998,
p. 168). Application of the geometric mean is considered to be more consistent with the
meaning of both judgments and priorities, which allows AIP to be interpreted as a kind of
“public preference” (Duke and Aull-Hyde, 2002, p. 139):
n

𝑔𝑗 = √∏nk=1 wjk .

(6)

Step 7: Calculation of local and global weights
Based on the third AHP principle (synthesis of priorities), the group local priorities should be
synthesized to global priorities.41 In the case of complete hierarchy, i.e. when “[...] all
elements at one level have the same lower level items […]” (Wedley, 1990, p. 59), global
priorities are calculated in accordance with the principle of hierarchic composition by
multiplying local priorities of criteria in a node by local priorities of a corresponding parent
criterion at the level above (Saaty, 1980). This study applies incomplete hierarchy, i.e. a
situation where each criterion (risk group) contains an unequal number of sub-criteria (causes
of risk) that are not connected to other criteria of the hierarchy. An unequal number of subcriteria at the lowest level causes, however, structural imbalances, the so-called “structural
bias”, lead to non-equivalent final priorities (Saaty, 2000). This occurs as an average weight
of a sub-criterion (1/𝑛) and reflects its relative importance with respect to its “parent”
criterion; the global weights of sub-criteria at the lowest hierarchy level depend on the total
number of sub-criteria 𝑛 in a node. For the avoidance of possible bias, each parent criterion

39

In contrast, the “aggregation of individual judgements (AIJ)” method implies aggregation of the individual
judgements of a group of DMs (𝑎𝑖𝑗 ). Its application would make more sense if a group of DMs is assumed to act
together as one individual (Forman and Peniwati, 1998).
40
The AIP can be calculated either by the arithmetic or the geometric mean.
41
The global priorities (weights) represent the weighted importance of each node within the overall hierarchy
(Wedley, 1990).
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(risk factor) is multiplied by a ratio of a number of its sub-criteria (causes of risk) to the total
number of sub-criteria at the bottom hierarchy level. In the absence of such structural
adjustment, assigned priority weights would be higher, as it should be for nodes with fewer
sub-criteria and lower for nodes with a larger number of these (Wedley, 1990).

4.2

Limitations and justification of AHP application

Although AHP is widely used in practice, it stands under scientific scrutiny and has caused a
number of extensive debates on its shortcomings in the scientific literature. An extended
overview of these debates can be found, e.g., in Belton and Stewart (2002); Gass (2005) and
Smith and von Winterfeldt (2004). The main debated issues of the AHP approach are (1) rank
reversal,42 which may occur when the final ranking of alternatives is derived, whereas adding
a new alternative or deleting an old one will lead to a change of the relative ranking of these
alternatives; (2) application of the fundamental 1-9 ratio scale and exclusion of “zero” from
this scale;43 (3) application of the eigenvector method to derive priority vectors (weights);44
(4) transitivity issue;45 (5) subjective and imprecise judgements on relative importance of
criteria, provided by DMs.46 Most of these issues were addressed by T. L. Saaty in the
scientific discussions and were refuted.

42

The problem of rank reversal was first stressed by Belton and Gear (1983, 1985) and the debate was continued
by Dyer (1990a, 1990b); and Dyer and Wendell (1985).
43
The discussion on this issue can be found in Barzilai (2001); Harker and Vargas (1990); Holder (1991); Saaty
(2000); Saaty (2001); Saaty (2013a); Saaty and Vargas (2001), among others. Saaty also provides a series of
work justifying the exclusion of zero from the fundamental scale (e.g. Saaty, 2000; Saaty, 2001; Saaty and
Vargas, 2001).
44
See, e.g., Choo and Wedley (2004); Golany and Kress (1993); Mikhailov and Singh (1999); Saaty (1990);
Saaty and Hu (1998); Saaty and Vargas (1984a, 1984b); and Takeda et al. (1987).
45
The transetivity axiom of preferences states that if 𝐴 is preferred to 𝐵 and 𝐵 is preferred to 𝐶, then 𝐴 is
preferred to 𝐶 (Forman and Gass, 2001). AHP tolerates intransitive relationships and does not consider
transitivity to be a compulsory criterion, as such relationships are expected to occur in the real world (Forman
and Gass, 2001; Gass, 2005; Saaty, 2005).
46
Even though several authors (e.g. Aggarwal and Singh (2013); Bozbura et al. (2007); Kahraman et al. (2004);
Leung and Cao (2000) aim at capturing subjectivity, impreciseness of judgments and uncertainty in preferences
through extending Saaty’s AHP approach by linking it to the fuzzy set theory, Saaty states that there is no
reliable mathematical proof for fuzzification of judgements that would increase practical validity of the AHP
outcome and that uncertainty of judgments is already captured by intermediate values of the fundamental 1-9
scale (Saaty and Tran, 2007).

22

5 Survey procedure
5.1

Risk identification procedure

Risk identification is the most important phase in the PRM process, since only identified risks
can be managed and mitigated (Chapman, 2001). Semi-structured interviews47 support the
direct elicitation of project risks from an interactive dialog with experts. The quality of the
outcome of the risk identification phase depends primarily, though, on the expertise and
experience of the selected interviewers in the focus field (Chapman, 2001). Several
shortcomings of the semi-structured interviews should be paid attention to: misunderstanding
of an expert; interruptions; false information being provided; biased questions being asked;
inaccurate representation of the information gained, etc. (Chapman, 2001, p. 157).
We conducted six semi-structured interviews with Russian EPC experts in Moscow in May
2013 to obtain a comprehensive list of risks that Russian ESCOs and ESPCs may face while
realizing EPC projects in each focus sector.48 During the expert interviews, we were able to
avoid most shortcomings mentioned by Chapman (2001). For example, a list of general risks
associated with EPC projects (Table A.1) was used as a basis for the interview flow with
experts in order to avoid biased questioning; the interviews were conducted in Russian to
avoid misunderstandings, and the interviewees were selected in view of their direct
experience and expertise in realization of EPC projects in Russia.49 The interviewees are
briefly introduced in Table A.3 (Appendix E).

5.2

Survey procedure

The risks identified from the literature review and also during the semi-structured interviews
with the Russian experts are classified into risk factors and their causes. Based on thorough
and thoughtful discussion, the research team designed three hierarchies for each focus sector.
The structured risk factors and causes are assumed to be independent; possible
interdependencies are not considered in this study.
To rank these risk factors in terms of their contribution to the riskiness of an EPC project
and causes of risk in terms of their contribution to the related parent risk factor for each focus

47

Techniques such as brainstorming, the nominal group technique (NGT) and Delphi technique can be also used
for risk identification. A brief discussion of their advantages and disadvantages can be found in Chapman
(2001).
48
One interview was provided in written form.
49
Elena Medvedeva (ZAO "SENRI", executive director) provided valuable tips for improvements to the list of
general risks and ideas for the expert interviews; these were also taken into consideration.
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sector, we elaborated and conducted a web-based questionnaire survey among ESCOs and
ESPCs in Russia for the period February to April 2014. A web-based questionnaire allows the
highest possible number of respondents to be reached (Pecchia et al., 2011). Our
questionnaire consisted of two parts. The first part encompassed general questions about the
participating companies. Between the first and the second part of the questionnaire, a filter
question was introduced.50 The participants were able to select one of the three focus sectors,
where they presume that they have the most expertise and experience in order to assess risk
factors and causes associated with EPC projects. After selecting a focus sector, the
participants were accordingly forwarded to the second part, the AHP part, of the
questionnaire. Fig. 4 provides an example of a graphical presentation of a pairwise
comparison of two causes of risk by using the 1-9 scale.

Fig. 4: Example of the pairwise comparison of two risk factors in the questionnaire-based survey
Source: Own illustration

A focus group of DMs, chosen for this study, consists of experts employed by companies
that realize EPC projects in Russia: ESCOs and ESPCs. While compiling the focus group, it
became evident that there is no comprehensive database on ESCOs and ESPCs available in
the Russian market. The database on ESCOs provided by GISEE (GISEE, 2014) is
notoriously incomplete. To develop a comprehensive list of companies that realize EPC
projects in Russia, we conducted searches in Russian, German, and English of the companies’
web pages and analyzed scientific and business conference proceedings and interviews by
using key words related to EPC projects and their realization processes. In total, we identified
305 ESCOs and ESPCs that were presumed to realize EPC projects.
In order to find out which of the identified companies effectively operate and realize EPC
projects and, hence, would be relevant for our study, we contacted those companies via
telephone (in Russian). Out of the 305 identified companies, however, some either did not
realize EPC projects at all, although it was indicated on their web pages, or they no longer

50

In order to identify a risk attitude of the survey participants, we introduced a general risk question, where the
survey participants were asked to provide a judgement on their willingness to take risk on scale from 0 to 10 in
accordance to Dohmen et al. (2011). Moreover, a question on a hypothetical investment decision (lottery
question) was introduced in order to measure risk preference choices (Dohmen et al., 2005). The evaluation of
the responses to these two questions, however, has not provided any relevant insights.
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existed. In some companies, the nominated contact person (expert) was not available during
the survey period of time. Finally, 162 companies were identified that effectively operate in
the energy services business field in Russia and had signaled their willingness to participate in
our questionnaire-based survey.
By addressing the identified contact persons (experts), we sent out 162 e-mail invitations
that contained a link to the web-based questionnaire. Four completed questionnaires were
returned in the pretest phase without any comments or suggestions for improvement. The email invitations included the motivation and goals of this survey, a brief introduction of the
methodology applied (AHP) and of the survey-conducting institute. In return for their
participating in the survey, we promised to provide a short summary of the main results of this
study to the survey participants.51 The survey was conducted in anonymous form.

6 Results
6.1

Risk identification and establishment of risk hierarchies for the three focus sectors

The identified risk factors and causes of risk associated with EPC projects that Russian
ESCOs and ESPCs52 may face were structured into three hierarchies for each focus sector.
Each hierarchy consists of the three levels: (1) goal, (2) risk factors (criteria), and (3) causes
of risk (sub-criteria). Fig. 5 up to Fig. 7 represent graphically three risk hierarchies for the
industrial (indicated as “I”), housing and communal services (MFABs) sector (“H”), and the
public sector (“P”), respectively. All three hierarchies have an equal goal (first level) that is
defined as an “assessment of the riskiness of an EPC project in” one of the three focus sectors.
At the second hierarchy level, we introduce eight risk factors, which are also identical for the
three focus sectors and cover the most important factors for potential risks in EPC projects:
(1) risks of project preparation & execution phases; (2) contractual risks; (3) technical &
operational risks; (4) financial risks; (5) client's risks; (6) human & behavioral risks; (7)
political & regulatory risks; and (8) market risks.
The corresponding causes of risk are allocated to each of the identified risk factors at the
third hierarchy level. For the industrial sectors, 22 causes of risk were indicated, for the
housing and communal services (MFABs) sector 27, and for the public sector 25.
51

Dillman (2000) states that respondents in a survey should be compensated in return in a way that meets some
of their needs in accordance to social exchange theory (cf. Homans, 1958).
52
For simplicity and space-saving reasons, we use only the term “ESCO” for the naming of causes of risk in the
following tables and graphs; these causes of risk also prevail for ESPCs that realize EPC projects in Russia.
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Fig. 5: Risk hierarchy of an EPC project realized in the Russian industrial sector
Source: Own compilation

Fig. 6: Risk hierarchy of an EPC project realized in the Russian housing and communal services (MFABs)
sector
Source: Own compilation
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Fig. 7: Risk hierarchy of an EPC project realized in the Russian public sector
Source: Own compilation

In the following, a short description of the identified causes of risk associated with EPC
projects faced by ESCOs in three focus sectors is outlined. The same causes of risk are
applied to Russian ESPCs that realize EPC projects.

I.

Common causes of risk for the three focus sectors (I, H, P)

I-, H-, P-A.1. Project tendering exclusively price-based: Most EPC projects are offered in a
tender process in Russia. The decisive criterion is the lowest price, often a dumping price
of a tender rather than a project cost-benefit or a quality criterion.
I-, H-, P-A.2. Lack of reliable data for baseline estimation of energy consumption of a
client: Energy consumption accounting is not widely practiced by Russian companies,
organizations, and MFABs because they pay for “[…] access to the resource, rather than
for the commodity, while the government continues to establish consumption rates and
standards on an administrative basis” (Portyankin, 2013, p. 6). In cases where metering
devices are installed, the data on energy consumption is often manipulated.
I-, H-, P-A.3. Unreliable energy certification provided by an external energy audit
company: Most Russian EACs issue energy passports for the clients’ facilities without
having visited and inspected the clients’ sites, quasi from the “office desk”. These energy
passports are then submitted to the Russian Ministry of Energy. The quality and credibility
of such energy passports are, consequently, very low.
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I-, H-, P-B.1. No explicit risk pricing in EPC: There is no formal procedure for explicit risk
pricing in contracts for EPC projects in Russia.
I-, H-, P-B.2. Poor prior risk division between an ESCO and a client: Most agreements on
possible issues and risks are discussed verbally and informally between ESCOs and their
clients.
I-, H-, P-C.1. Improper operation of the installed equipment by a client: Most Russian
industrial and public organizations as well as residents of MFABs, on the one side, often
do not have the required expertise needed for operation of the installed equipment. On the
other side, they do not welcome ESCOs at their facilities or housing sites.
I-, H-, P-C.2. Improper verification of energy savings (approach/instruments): To date,
none of the international M&V guidelines have been implemented in line with EPC
projects that have been realized in Russia. There are also no well-defined and widely
adopted Russian M&V guidelines.
I-, H-, P-C.3. Energy supply disruptions: Energy supply disruptions are frequent and
unforeseen in Russia.
I-, H-, P-D.1. Poor investment capacity of an ESCO: Most ESCOs do not have sufficient
funds to finance EPC projects on their own and thus depend on loan financing.
I-, H-, P-D.2. No long-term funding without a governmental or third-party guarantee for a
loan: Most banks require either pledging of an ESCO's property as a guarantee or a loan
guarantee that in most cases should be provided by the governmental organizations.
I-, H-, P-F.1. Lack of management & technical expertise: There is a lack of qualified
specialists with the managerial and technical expertise required in EPC and energy
efficiency projects in Russia.
I-, H-, P-G.2. Lack of tax exemptions for EPC or an ESCO: The existent tax exemptions do
not provide a systematic tax framework for the ECMs and are related rather to the clients
of ESCOs than to ESCOs themselves.
I-, H-, P-G.3. Cross subsidization: The Russian heating and electricity tariff structures imply
high levels of cross‐subsidization53 “[…] between network users, mainly between large
industry, which is connected to the transmission grid, and small- and medium‐sized

53

The aim of cross‐subsidization is to reduce the cost of energy consumed for the population by transferring part
of the costs to industrial energy consumers. The final electricity price that the industrial companies and the
unitary enterprises pay includes in addition to the wholesale market price the tariffs for the transmission of
electricity over the distribution network (among others), the largest share of which constitute the cross-subsidies
(Ryapin, 2012). The heating tariffs are fully regulated for both industrial and household consumers and strongly
vary among the regions of Russia (IEA, 2014).
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enterprises and households, connected to the distribution line” (IEA, 2014, p. 209).
I-, H-, P-H.2. Poor market demand & lack of incentives to invest in energy efficiency: As a
vestige of the Soviet era, the stance towards energy as beeing a public good still remains as
a mental attitude of the Russian population. In spite of several regulations for energy
efficiency that were recently introduced and constantly rising energy prices, most
managers and housholds still lack the motivation and knowledge to improve the energy
efficiency of their facilities or houses.
I-, H-, P-H.3. High interest rates for bank or third-party lending: Most Russian banks are
still unaware of the EPC concept. The banks which offer financing for EPC projects set
very high loan rates (up to 15-20%).
II.

Common causes of risk for the industrial and public sectors (I, P)

I-, P-E.1.

Client's bankruptcy risk: The Higher School of Economics (HSE) estimates the

share of the unprofitable industrial organizations to be 18-20%; most of those
organizations were close to bankruptcy as of April 2014 (HSE, 2014); as of 2013, the share
of the unprofitable organization in the public sector was around 31% (Rosstat, 2013c).
I-, P-E.2.

Fluctuation in client's energy consumption due to undisclosed changes in

productive capacity: Most clients do not inform ESCOs about changes in their production
programs or business expansion plans that may lead to increases in a company’s energy
consumption, even if it has been agreed in an EPC contract.
I-, P-E.3.

Difficulty of an ESCO to prove energy savings have been achieved for a client:

Most ESCOs are constrained, mostly by clients, to control, measure, and verify actual
energy savings at the clients’ sites.
I-, P-F.2.

Client's mistrust of an ESCO: Most clients mistrust Russian ESCOs.

I-, P-G.1. Poor & unstable legislation base for EPC projects: In spite of constant
improvements to the legislation base for EPC projects since 2009 (Federal Law No. 261FZ), when it entered into force, it shows several gaps that are still not regulated.54
I-, P-H.1. Unpredictably fluctuating energy prices: Since the completion of the
liberalization of the electricity wholesale market in Russia in 2011, industrial and public
companies55 have been confronted with strong increases and fluctuations in electricity

54
55

For more details, see Garbuzova-Schlifter and Madlener (2013).
In this case, public companies meant that they are not directly financed from the governmental budget.
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prices.56
III.

Specific causes of risk for the industrial sector (I)

I-D.3.

Delayed energy saving payments from a client: Some clients bring forward payment

for other obligations before ESCOs get paid. Hence, clients often do not renumerate
ESCOs on time (or, in some cases, at all) in terms of the latters profit share from energy
savings.
IV.

Specific causes of risk for the housing and communal services (MFABs) sector (H)

H-B.3. Need for agreement on an EPC project of all residents in an MFAB: The
requirement of 100% votes of residents (apartment owners) in an MFAB for a conclusion
of an EPC project that should be provided in a written form is mostly impossible to fulfill,
especially in buildings with a high number of apartments.
H-B.4. Poor regulation of equipment ownership transition after finishing an EPC project:
Due to the mixture of different ownerships in an MFAB (privately, municipality, or stateowned apartments), it is not clear how the transition of the ownership on equipment
installed in line with an EPC project should be regulated between an ESCO, an MC, and
residents (apartment owners).
H-D.3. Delayed energy saving payments from a managing company: Most MCs of MFABs
remunerate ESCOs for the actual energy savings with delays.
H-E.1. Poor liquidity of a managing company: Most MCs are non-liquid and the share of
the unprofitable MCs in the Russian housing and communal services sector constitutes
around 38% as of 2013 (UniSIS, 2014).
H-E.2. Difficulty of an ESCO to prove energy savings have been achieved for a managing
company: Managing companies are often reluctant to provide data to ESCOs on energy
consumption and energy saved.
H-E.3. High rate of non-payments of energy bills of the population: Around 6.4% of the
Russian population did not pay for housing and communal services (including
consumption of energy resources) in 2012. In 2013, the non-payment increased by 27.2%
and is equivalent to more than RUB 150 billion (around €2.53 billion, exchange rate
November 17, 2014) (Fomchenkov, 2013).
H-F.2. Mistrust of an ESCO by a managing company and residents: MCs and residents

56

For example, for all electricity end-users, the average price increase for 2014 amounts to 6.2-7.2%; for 2015 it
is forecasted to be 8.6-11% and for 2016 to be 8.9-11.5%. The average increase in the heating annual tariffs in
2015-2016 is expected to be 4.7-4.9% (FTS, 2014).
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often mistrust activities of ESCOs.
H-F.3. Theft of energy efficiency equipment: Even though no official data on theft of the
installed energy efficiency equipment in MFABs in Russia is available, it is assumed to be
a widespread issue.
H-F.4. Problem of indoor overheating by population (customer habit of maintaining a
high indoor temperature): Most Russian MFABs are equipped with central heating
systems without any possibility to control for heating consumption at the individual level.
The average room temperature in most MFABs exceeds 25 ℃. Therefore, the majority of
the population perceives such a high indoor temperature to be comfortable, in contrast to
the recommended and normed one of 20-22 ℃.
H-G.1. Poor & unstable legislation base for EPC between an ESCO, a managing
company, and a utility company: The existent legislation regulates fragmentally general
contractual issues on a project; no legislation exists that regulates interrelations specifically
for EPC projects among those three parties.
H-H.1. Unpredictably fluctuating energy prices (tariffs): The process of establishing energy
tariffs is non-transparent in Russia (cf. Tissot, 2013). According to some estimations, the
average annual increase of the regulated tariffs is presumed to reach 7.5% in the period
2015-2016 (FTS, 2014).
H-H.4. No market conditions for energy delivery: The electricity (wholesale) sector is only
partly liberalized in Russia, whereas the heating sector is still fully regulated.
V.

Specific causes of risk for the public sector (P)

P-B.3. Lack of possibility to close a "bundling" EPC with several public facilities: There
is no mechanism available to close "bundling" EPC; unbundled, small-size EPC projects in
the public sector cause extensive transaction costs.
P-D.3. High administrative expenses: High and partly unforeseen administrative expenses,
which include, apart from necessary licenses and authorizations, resolutions of equipment
supply issues, occur in an EPC project in the public sector.
P-D.4. Difficulties of an ESCO to get payback achieved from energy savings from the
governmental budget item assigned to a client: Most ESCOs suffer from a lack of clearly
developed and applied procedures by the governmental budgetary body regarding the
distinction between the costs arising from energy services and the costs resulting from
payments for energy resources in the budgetary investments and their allocation to a
distinct cost position (cf. Shingarov, 2012).
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P-H.4. Uncertainty about energy tariffs: The budget-financed public organizations pay the
same rate for energy tariffs as households in Russia. Those public organizations are
therefore confronted with the same uncertainties about energy tariff setting and
development as the households are (cf. H-H.1.).

6.2

Results of the general part of the questionnaire-based survey

Out of 162 companies, 38 companies participated in a web-based questionnaire survey, which
constitutes a response rate of 23.5%. In conformity to the study of the Russian ESCO market
conducted by Garbuzova-Schlifter and Madlener (2013) in 2011-2012, the present study, two
years later, shows that most of the 38 companies realizing EPC projects are located in the
central part of Russia. This indicates that the EPC concept has geographically spread
relatively slowly in Russia.
Among the participated companies, ESCOs are represented by 18.4% of the respondents;
the remainder encompasses: 23.7% of energy audit companies; 15.8% of non-commercial
self-regulatory organizations (NP SRO); 10.5% of equipment suppliers; 7.9% of energy
services companies (ESCs); 7.9% of energy retail companies; 5.3% of outsourcing energy
management companies. Public sector energy agencies, engineering companies, development
companies, and study centers for energy audit were represented each by 2.6%. Those
remaining companies are classified as ESPCs.
Around 64% of all companies that participated organize their business regionally, 30%
nationally, and 4% locally. The number of employees working for these companies varies
from 4 to 750. 58% of the companies that responded were founded after the introduction of
the Federal Law No. 261-FZ in 2009 (cf. Garbuzova-Schlifter and Madlener, 2013). Fig. 8
summarizes the primary fields of work, which were indicated by the respondents. 76% of all
companies do not employ a risk analyst, a risk manager, or a risk consultant to perform risk
analysis in EPC projects. However, 40% of the respondents state that their companies apply a
formal, systematic approach for risk assessment; 18% of the companies establish ad-hoc risk
analysis, and 39% perform risk analysis by combining the formal and ad-hoc approaches.
Depending on the sector selected for the analysis of risks associated with EPC projects,
participants indicated mostly applied contracting options for EPC projects in the three focus
sectors (Fig. 9). Fig. 10 indicates the average duration of a typical EPC project in these
sectors. Fig. 11 presents a range of the average investment in a typical EPC project in those
sectors in Russia.
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Fig. 8: Primary fields of work of the respondents of
the participating companies
Source: Own illustration

Fig. 9: Typical contracting options used for EPC
projects (multiple responses)
Source: Own illustration

Fig. 10: Average duration of a typical EPC project in
the three focus sectors
Source: Own illustration

Fig. 11: Average investment in a typical EPC project
in the three focus sectors in Russia
Source: Own illustration

6.3

Results of the AHP part of the questionnaire-based survey

36 usable questionnaires57 were analyzed with the AHP procedure described in Section 4; the
corresponding calculations were executed in MATLAB (Steps 1 to 4) and Excel (Steps 5 to
7). The AHP results were then checked for inconsistencies. Consistency improvements
occurred either with the MDA or the IBBM method (Step 5). The parallel application of these
two methods for our results showed that the MDA method requires fewer changes of the
elements in the upper triangle in the inconsistent matrices of a larger order until the 𝐶𝑅
condition (𝐶𝑅 ≤ 0.1) has been fulfilled. In contrast, IBBM emerges as being more effective
for the inconsistent matrices of a smaller order while indicating and improving inconsistent
elements until the 𝐶𝑅 condition has been met. Therefore, in our study, the MDA method was
57

Two questionnaires out of 38 were not usable for the AHP calculations, as two participants did not indicate
any preferences.
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used for the consistency improvements of 8×8 matrices. For consistency improvements of
3×3 and 4×4 matrices, the IBBM was applied.
For the Russian industrial sector, 12 participants accomplished 48 pairwise comparisons
while assessing the contribution of each risk factor to the riskiness of an EPC project and of
each cause of risk to the corresponding parent risk factor. For the AHP calculations, 108
pairwise judgments matrices were generated. Out of these matrices, 57% fulfilled the 𝐶𝑅
condition (𝐶𝑅 ≤ 0.1), the remainder (43%)58 were adjusted for consistency. For the EPC
projects realized in the Russian housing and communal services (MFABs) sector, 10
participants assessed the relative importance of risk factors and causes. In this process, they
accomplished 61 pairwise comparisons. For the AHP analysis, 90 judgment matrices were
generated, 67%59 of which were improved in their consistency. For the EPC projects realized
in the public sector, each of the 14 participants performed 56 pairwise comparisons of risk
factors and causes. Out of 126 matrices generated from these judgments, consistency of
56%60 matrices was improved.

6.3.1 AHP results for three focus sectors in Russia: ranking of risk factors and causes
The analysis of the pairwise comparisons of risk factors and causes associated with an EPC
project at the aggregated level results in scores of their relative importance. The calculated
local and global priorities of risk factors and causes for the EPC projects realized in the
industrial, housing and communal services (MFABs), and public sectors are presented in
Tables 2, 4 and 6, respectively.
After rearranging the global priorities (expressed in terms of adjusted and normalized
geometric means) in descending order, a list of 22 ranked causes of risk in accordance to their
contribution (relative importance) to the riskiness of an EPC project realized in the Russian
industrial sector is provided in Table 3. A list of 27 ranked causes of risk associated with an
EPC project realized in the housing and communal services (MFABs) and of 25 ranked
causes of risk associated with such projects performed in the public sector are provided in
58

43% equals to 46 inconsistent matrices: consistency of 9 matrices of 8×8 order was adjusted by MDA;
consistency of 35 matrices of 3×3 order was adjusted by IBBM, out of which 6 were accepted with 0.1 < 𝐶𝑅 <
0.2; 2 matrices were treated in accordance to Step 5(III) (Section 4).
59
67% equals to 60 inconsistent matrices: consistency of 8 matrices of 8×8 order was improved by MDA;
consistency of 21matrices of 4×4 order and of 25 of 3×3 order was improved by IBBM, out of which 4 were
accepted with 0.1 < 𝐶𝑅 < 0.2; 6 matrices were treated in accordance to Step 5(III) (Section 4).
60
56% equals to 70 inconsistent matrices: consistency of 13 matrices of 8×8 order was improved by MDA;
consistency of 19 matrices of 4×4 order and of 33 of 3×3 order was improved by IBBM, out of which 9 were
accepted with 0.1 < 𝐶𝑅 < 0.2; 5 matrices were treated in accordance to Step 5(III) (Section 4).
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Table 5 and Table 7, correspondingly.

Table 2: Local and global priorities of risk factors and causes associated with an EPC project realized in the
Russian industrial sector
Risk factors

A

B

C

D

E

Risks of project
preparation &
execution phases

0.110

Contractual risks

0.114

Technical &
operational risks

Financial risks

Client's risks

F

Human &
behavioral risks

G

Political &
regulatory risks

H

Market risks

Local
priorities

Global priorities
adjusted &
normalized

1 Project tendering exclusively price-based
2 Lack of reliable data for baseline estimation of energy consumption of a client

0.291

0.035

0.194

0.023

3 Unreliable energy certification provided by an external energy audit company
1 No explicit risk pricing in EPC

0.515

0.061

0.536

0.044

2 Poor prior risk division between an ESCO and a client
1 Improper operation of the installed equipment by a client

0.464

0.038

0.292

0.027

2 Improper verification of energy savings (approach/instruments)
3 Energy supply disruptions

0.482

0.044

0.226

0.021

1 Poor investment capacity of an ESCO
2 No long-term funding without a governmental or third-party guarantee for a loan

0.271

0.047

0.309

0.053

3 Delayed energy saving payments from a client
1 Client's bankruptcy risk

0.420

0.072

0.210

0.025

2 Fluctuation in client's energy consumption due to undisclosed changes in productive capacity
3 Difficulty of an ESCO to prove energy savings have been achieved for a client

0.318

0.037

0.473

0.056

1 Lack of management & technical expertise
2 Client's mistrust of an ESCO

0.466

0.036

0.534

0.041

1 Poor & unstable legislation base for EPC projects
2 Lack of tax exemptions for EPC or an ESCO

0.390

0.069

0.419

0.074

3 Cross subsidization
1 Unpredictably fluctuating energy prices

0.192

0.034

0.202

0.033

2 Poor market demand & lack of incentives to invest in energy efficiency
3 High interest rates for bank or third-party lending

0.277

0.045

0.521

0.085

Local
Structural
priorities adjustment

0.084

0.159

0.109

0.107

0.165

0.151

3/22

2/22

3/22

3/22

3/22

2/22

3/22

3/22

Causes of risk

Table 3: Ranking of causes of risk associated with an EPC project realized in the Russian industrial sector
Ranking of causes of risk in an EPC project realized in the Russian industrial sector (= I)
H.3. High interest rates for bank or third-party lending
G.2. Lack of tax exemptions for EPC or an ESCO

Global priorities
adjusted & normalized
0.085

Rank
1

0.074

2

D.3. Delayed energy saving payments from a client
G.1. Poor & unstable legislation base for EPC projects

0.072

3

0.069

4

A.3. Unreliable energy certification provided by an external energy audit company
E.3. Difficulty of an ESCO to prove energy savings have been achieved for a client

0.061

5

0.056

6

D.2. No long-term funding without a governmental or third-party guarantee for a loan
D.1. Poor investment capacity of an ESCO

0.053

7

0.047

8

H.2. Poor market demand & lack of incentives to invest in energy efficiency
B.1. No explicit risk pricing in EPC

0.045

9

0.044

10

C.2. Improper verification of energy savings (approach/instruments)
F.2. Client's mistrust of an ESCO

0.044

11

0.041

12

B.2. Poor prior risk division between an ESCO and a client
E.2. Fluctuation in client's energy consumption due to undisclosed changes in productive capacity

0.038

13

0.037

14

F.1. Lack of management & technical expertise
A.1. Project tendering exclusively price-based

0.036

15

0.035

16

G.3. Cross subsidization
H.1. Unpredictably fluctuating energy prices

0.034

17

0.033

18

C.1. Improper operation of the installed equipment by a client
E.1. Client's bankruptcy risk

0.027

19

0.025

20

A.2. Lack of reliable data for baseline estimation of energy consumption of a client
C.3. Energy supply disruptions

0.023

21

0.021

22
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Table 4: Local and global priorities of risk factors and causes associated with an EPC project realized in the
Russian housing and communal services (MFABs) sector
Risk factors

A

B

C

D

E

F

G

H

Risks of project
preparation &
execution phases

Contractual risks

Technical &
operational risks

Financial risks

Client's risks

Human &
behavioral risks

Political &
regulatory risks

Market risks

Local
priorities

Global priorities
adjusted &
normalized

1 Project tendering exclusively price-based
2 Lack of reliable data for baseline estimation of energy consumption of a client

0.276

0.023

0.260

0.022

3 Unreliable energy certification provided by an external energy audit company
1 No explicit risk pricing in EPC

0.464

0.039

0.228

0.019

2 Poor prior risk division between an ESCO and a client
3 Need for agreement on an EPC project of all residents in an MFAB

0.168

0.014

0.351

0.029

4 Poor regulation of equipment ownership transition after finishing an EPC project
1 Improper operation of the installed equipment by a client

0.253

0.021

0.300

0.021

2 Improper verification of energy savings (approach/instruments)
3 Energy supply disruptions

0.517

0.036

0.183

0.013

1 Poor investment capacity of an ESCO
2 No long-term funding without a governmental or third-party guarantee for a loan

0.298

0.044

0.275

0.041

3 Delayed energy saving payments from a managing company
1 Poor liquidity of a managing company

0.427

0.064

0.231

0.031

2 Difficulty of an ESCO to prove energy savings have been achieved for a managing company
3 High rate of non-payments of energy bills of the population

0.316

0.042

0.453

0.061

1 Lack of management & technical expertise
2 Mistrust of an ESCO by a managing company and residents

0.344

0.059

0.282

0.048

3 Theft of energy efficiency equipment
4 Problem of indoor overheating by population (customer habit of maintaining a high indoor temperature)

0.184

0.031

0.190

0.032

1 Poor & unstable legislation base for EPC between an ESCO, a managing company, and a utility company
2 Lack of tax exemptions for EPC or an ESCO

0.574

0.084

0.275

0.040

3 Cross subsidization
1 Unpredictably fluctuating energy prices (tariffs)

0.151

0.022

0.140

0.023

2 Poor market demand & lack of incentives to invest in energy efficiency
3 High interest rates for bank or third-party lending

0.233

0.039

0.422

0.070

4 No market conditions for energy delivery

0.205

0.034

Local
Structural
priorities adjustment

0.093

0.068

0.078

0.166

0.150

0.143

0.164

0.139

3/27

4/27

3/27

3/27

3/27

4/27

3/27

4/27

Causes of risk

Table 5: Ranking causes of risk associated with an EPC project realized in the Russian housing and communal
services (MFABs) sector
Ranking of causes of risk in an EPC project realized in the Russian housing and communal services
(MFABs) sector
G.1. Poor & unstable legislation base for EPC between an ESCO, a managing company, and a utility company

Global priorities
adjusted & normalized
0.084

Rank
1

H.3. High interest rates for bank or third-party lending
D.3. Delayed energy saving payments from a managing company

0.070

2

0.064

3

E.3. High rate of non-payments of energy bills of the population
F.1. Lack of management & technical expertise

0.061

4

0.059

5

F.2. Mistrust of an ESCO by a managing company and residents
D.1. Poor investment capacity of an ESCO

0.048

6

0.044

7

E.2. Difficulty of an ESCO to prove energy savings have been achieved for a managing company
D.2. No long-term funding without a governmental or third-party guarantee for a loan

0.042

8

0.041

9

G.2. Lack of tax exemptions for EPC or an ESCO
A.3. Unreliable energy certification provided by an external energy audit company

0.040

10

0.039

11

H.2. Poor market demand & lack of incentives to invest in energy efficiency
C.2. Improper verification of energy savings (approach/instruments)

0.039

12

0.036

13

H.4. No market conditions for energy delivery
F.4. Problem of indoor overheating by population (customer habit of maintaining a high indoor temperature)

0.034

14

0.032

15

F.3. Theft of energy efficiency equipment
E.1. Poor liquidity of a managing company

0.031

16

0.031

17

B.3. Need of agreement on an EPC project of all residents in an MFAB
H.1. Unpredictably fluctuating energy prices (tariffs)

0.029

18

0.023

19

A.1. Project tendering exclusively price-based
G.3. Cross subsidization

0.023

20

0.022

21

A.2. Lack of reliable data for baseline estimation of energy consumption of a client
C.1. Improper operation of the installed equipment by a client

0.022

22

0.021

23

B.4. Poor regulation of equipment ownership transition after finishing an EPC project
B.1. No explicit risk pricing in EPC

0.021

24

0.019

25

B.2. Poor prior risk division between an ESCO and a client
C.3. Energy supply disruptions

0.014

26

0.013

27
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Table 6: Local and global priorities of risk factors and causes associated with an EPC project realized in the
Russian public sector
Risk factors

A

B

C

D

E

Risks of project
preparation &
execution phases
Contractual risks

Technical &
operational risks

Financial risks

Client's risks

F

Human &
behavioral risks

G

Political &
regulatory risks

H

Market risks

Local
priorities

Global priorities
adjusted &
normalized

1 Project tendering exclusively price-based
2 Lack of reliable data for baseline estimation of energy consumption of a client

0.355

0.037

0.282

0.029

3 Unreliable energy certification provided by an external energy audit company
1 No explicit risk pricing in EPC

0.363

0.038

0.474

0.051

2 Poor prior risk division between an ESCO and a client
3 Lack of possibility to close a "bundling" EPC with several public facilities

0.373

0.040

0.153

0.016

1 Improper operation of the installed equipment by a client
2 Improper verification of energy savings (approach/instruments)

0.440

0.040

0.440

0.040

3 Energy supply disruptions
1 Poor investment capacity of an ESCO

0.120

0.011

0.199

0.049

2 No long-term funding without a governmental or third-party guarantee for a loan
3 High administrative expenses

0.387

0.095

0.124

0.030

4 Difficulties of an ESCO to get payback achieved from energy savings from the governmental budget item assigned to a client
1 Client's bankruptcy risk

0.290

0.071

0.163

0.025

2 Fluctuation in client's energy consumption due to undisclosed changes in productive capacity
3 Difficulty of an ESCO to prove energy savings have been achieved for a client

0.424

0.066

0.412

0.064

1 Lack of management & technical expertise
2 Client's mistrust of an ESCO

0.532

0.038

0.468

0.033

1 Poor & unstable legislation base for EPC projects
2 Lack of tax exemptions for EPC or an ESCO

0.485

0.059

0.335

0.040

3 Cross subsidization
1 Unpredictably fluctuating energy prices

0.180

0.022

0.137

0.015

2 Poor market demand & lack of incentives to invest in energy efficiency
3 High interest rates for bank or third-party lending

0.351

0.037

0.361

0.038

4 Uncertainty about energy tariffs

0.151

0.016

Local
Structural
priorities adjustment

0.110

0.113

0.096

0.194

0.164

0.112

0.127

0.084

3/25

3/25

3/25

4/25

3/25

2/25

3/25

4/25

Causes of risk

Table 7: Ranking of causes of risk associated with an EPC project realized in the Russian public sector
Ranking of causes of risk in an EPC project realized in the Russian public sector

D.2.
D.4.
E.2.
E.3.
G.1.
B.1.
D.1.
G.2.
C.2.
C.1.
B.2.
H.3.
F.1.
A.3.
H.2.
A.1.
F.2.
D.3.
A.2.
E.1.
G.3.
B.3.
H.4.
H.1.
C.3.

No long-term funding without a governmental or third-party guarantee for a loan
Difficulties of an ESCO to get payback achieved from energy savings from the governmental budget item assigned to a client
Fluctuation in client's energy consumption due to undisclosed changes in productive capacity
Difficulty of an ESCO to prove energy savings have been achieved for a client
Poor & unstable legislation base for EPC projects
No explicit risk pricing in EPC
Poor investment capacity of an ESCO
Lack of tax exemptions for EPC or an ESCO
Improper verification of energy savings (approach/instruments)
Improper operation of the installed equipment by a client
Poor prior risk division between an ESCO and a client
High interest rates for bank or third-party lending
Lack of management & technical expertise
Unreliable energy certification provided by an external energy audit company
Poor market demand & lack of incentives to invest in energy efficiency
Project tendering exclusively price-based
Client's mistrust of an ESCO
High administrative expenses
Lack of reliable data for baseline estimation of energy consumption of a client
Client's bankruptcy risk
Cross subsidization
Lack of possibility to close a "bundling" EPC with several public facilities
Uncertainty about energy tariffs
Unpredictably fluctuating energy prices
Energy supply disruptions

Global priorities
adjusted & normalized

0.095
0.071
0.066
0.064
0.059
0.051
0.049
0.040
0.040
0.040
0.040
0.038
0.038
0.038
0.037
0.037
0.033
0.030
0.029
0.025
0.022
0.016
0.016
0.015
0.011

Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

6.3.2 Discussion of the main results of the AHP outcome
Several interesting results and patterns can be derived from the AHP outcome presented
above. It should be noted that the higher the value of the global normalized and adjusted
priority of a cause of risk, the greater the contribution of this cause to the riskiness of an EPC
project realized by an ESCO or an ESPC in a corresponding sector in Russia. In the
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following, we refer to the three highest ranked and three lowest ranked causes of risk as well
as indicating some striking results that we obtained.
The cause of risk high interest rates for bank or third-party lending is ranked highest for
EPC projects realized in the industrial sector, with a score of 8.5% (0.085), and second
highest for projects realized in MFABs, with a score of 7% (0.070). This result is not
surprising, since for most banks and other lenders, EPC is still a relatively new concept in
Russia. Most lenders lack the technical expertise to evaluate and verify the return on
investment of an EPC project that equals to the actual amount of energy savings achieved.
Moreover, EPC projects are in most cases long-term projects, which are realized under
vulnerable market conditions in Russia. Therefore, for most lenders, risks associated with
such projects are as yet unknown (undefined and unquantified), which explains why such high
interest rates of 15 to 20% are set for EPC projects in Russia.
In contrast, for the EPC projects realized at the sites of public organizations, where a
governmental body may presumably serve as a guarantor, such high interest rates do not seem
to contribute much to the riskiness of an EPC project, as the cause of risk high interest rates
for bank or third-part lending is ranked 12th with a score of 3.8% (0.038). However, the
highest ranked cause of risk in terms of its contribution to the riskiness of an EPC project in
the public sector is no long-term funding without a governmental or third-party guarantee for
a loan, having a preference score of 9.5% (0.095). This result indicates that obtaining such a
governmental loan guarantee represents a difficulty for the majority of the Russian ESCOs’ or
ESPCs’ impending realization of EPC projects in the public sector.
The cause of risk poor & unstable legislation base for EPC between an ESCO, a managing
company, and a utility company is perceived to contribute most to the riskiness of an EPC
project realized in an MFAB, indicating a score of 8.4% (0.084). For the industrial sector, the
cause of risk poor & unstable legislation base for EPC projects is ranked fourth (0.069), and
fifth (0.059) for the public sector. These results signal a strong need for improvements to the
existing regulatory framework for EPC projects. For the public sector, for example, energy
services are still not clearly defined; public organizations enforce the same requirements for
EPC “[…] as for a standard civil works contract, including mandatory expertise of the project
plans, design documents and other paperwork” (Nazarenko, 2013, p. 22). Moreover, besides
improvements needed for the general regulatory framework of EPC, we believe that for each
focus sector, an individual contracting scheme of a typical EPC should be elaborated. Such
individual regulations for EPC projects would allow sectorial particularities of the EPC
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project conclusion and execution phases, as described in Section 3, to be reflected.
In all three sectors, either difficulties or delays in receiving energy savings payments from
a client contribute relatively much to the riskiness of EPC projects. For the EPC projects
performed in the public sector, this issue, referred to as difficulties of an ESCO to get payback
achieved from energy savings from the governmental budget item assigned to a client,
indicates the second highest score of 7.1% (0.071). Such a high score occurs presumably due
to the loopholes in the Federal Law No. 94-FZ and in the Budget Code, which make the
remuneration procedure of ESCOs or ESPCs by a public company complicated and nontransparent (Tissot, 2013).
The cause of risk fluctuation in client's energy consumption due to undisclosed changes in
productive capacity with a score of 6.6% (0.066), is the third highest ranked one for an EPC
project realized at the site of a public organization. This result indicates that there is a need for
an agreement between a client and an ESCO (or an ESPC), where a client is obliged to inform
the contractor about planned changes in the former’s productive capacity.
The participants considered the cause of risk energy supply disruptions to contribute least
to the riskiness of an EPC project in all three focus sectors. This result is surprising, because
according to Schneider Electric, around 40% of the Russian population is affected by frequent
electricity supply disruptions (Public Opinion Fund & Schneider Electric, 2014).
Also unexpected is the result that the cause of risk lack of reliable data for baseline
estimation of energy consumption of a client for the industrial sector is the second lowest
ranked cause of risk, with a score of 2.3% (0.023). The supposition that a lack of energy
consumtion accounting practices and installed metering systems in Russia would increase the
significance of this cause of risk is not supported by this result. The third lowest contribution
to the riskiness of an EPC project in the industrial sector is made by the cause of risk client’s
bunkruptcy risk (0.025). This result is also unexpected, because in Russia the share of
unprofitable organizations as of 2013 constitutes 29.1% of all organizations (without
consideration of small-sized businesses (Rosstat, 2013). In contrast, for the public sector, the
low importance of this cause of risk (0.025) is supported by the data of the Supreme
Arbitration Court of the Russian Federation (Arbitr) for 2013, which indicate that the
bankruptcy rate of the public (governmental and municipality) organizations is only 2.7% of
all bankruptcy cases in 2013 (Arbitr, 2013).
The cause of risk unpredictably fluctuating energy prices and uncertainty about energy
tariffs with the corresponding scores of 1.5% (0.015) and 1.6% (0.016) have the second and
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the third lowest ranking score in terms of the contribution to the riskiness of an EPC project
realized in the public sector.
The second and the third lowest ranked cause of risk in EPC projects realized in MFABs
are two causes of risk, poor prior risk division between an ESCO and a client (0.014) and no
explicit risk pricing in EPC (0.019). In contrast to our expectations, these causes of risk seem
to contribute only very little to the riskiness of an EPC project. We presume that this results
indicate a misunderstanding or miss-definition of the role of risk management in EPC projects
among the survey participants.
The contribution to the riskiness of an EPC project realized in MFABs of the cause of risk
need for agreement on an EPC project of all residents in an MFAB is relatively low (0.029).
This result is striking, given that residents (apartment owners) often do not attend the general
meetings either due to a lack of time or a lack of awareness of the need for energy savings, or
other reasons (ACGOV, 2014a). Moreover, every EMC in line with an EPC project also
requires 100% votes of the residents (apartment owners), which indicates a laborious
procedure for ESCOs and ESPCs.

7 Conclusion
This paper introduces the main results of a systematic analysis of risks associated with EPC
projects faced by Russian ESCOs and ESPCs, and it attempts to fill, at least partly, the
existent research gaps. The study generates two types of contributions that we hope will be
interesting for both practitioners and researchers: (1) findings with regard to the contents of
risk analysis (risk identification and assessment) in EPC projects performed by ESCOs and
ESPCs in Russia, and (2) findings with regard to the methodological aspects of consistency
improvements of the AHP outcome.
The first type of findings allows us to claim, in conformity to the results of our previous
study (cf. Garbuzova-Schlifter and Madlener, 2013), that despite the obstacles to its faster
growth, the emergence of an ESCO industry in Russia appears to be one of the most essential
instruments for an energy-efficient modernization of the country’s economy. The successful
realization of EPC projects requires systematic and effective analysis and management of
project risks (PRM), which should be integrated into daily business activities of ESCOs and
ESPCs in Russia. To date, however, PRM has not yet become an integrated part of EPC
projects that are realized in Russia, and most risks are either unknown or are not
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systematically captured.
This study reveals the main risks (risk factors and their causes) associated with EPC
projects by taking into account the complexity and interdisciplinarity of their realization in
three different sectors (industrial sector, housing and communal services (MFABs) sector, and
public sector). Although the identified risks are assumed to cover most of the general risks
associated with such projects, the produced lists of risk factors and their causes is not
exhaustive and should be continuously and individually adjusted, depending on the
requirements of EPC projects. With the help of the AHP methodology, which provides
solutions to complex issues involving multiple criteria, those risk factors and causes have
been structured into risk hierarchies for each focus sector and then quantified in terms of their
contribution to the riskiness of EPC projects. The data were obtained from a web-based
questionnaire survey among Russian ESCOs and ESPCs. As a result, three lists of causes of
risk were presented in a ranked order for each focus sector.
In accordance to the preferences stated by the participants of this survey, risk factors and
causes related to financial issues were indicated to contribute most to the riskiness of EPC
projects. This finding is consistent with the insights gained by Li (2012) that financial aspects
play one of the most important roles for ESCOs while realizing EPC projects, because these
require a high amount of a priori investments, and return on investment often appears at a
later stage of project realization. In addition, issues related to political and regulatory risks
were also ranked highly, confirming that the actual regulatory framework for the EPC projects
exhibits numerous loopholes. Moreover, as indicated in this paper, the EPC project
conclusion and execution procedures vary strongly among the three focus sectors, especially
in terms of the underlying regulatory framework and stakeholders involved in such projects.
Therefore, we state that there is an urgent need for the elaboration of a typical EPC contract
specifically for each of these three focus sectors in the Russian market.
The second type of findings refers to the methodological aspects of the consistency
improvements of the AHP results, when for the obtained judgment matrices the 𝐶𝑅 condition
(𝐶𝑅 < 0.1) has not been met. In our case, the web-based questionnaire survey among the
Russian companies was conducted in an anonymous form; hence, there was no opportunity to
control for consistency in judgments made by DMs during the survey. Therefore, two
mathematical methods (MDA and IBBM) were applied for consistency improvements of the
inconsistent judgment matrices. Both methods identify the most inconsistent element(s) that
should be replaced until the desirable 𝐶𝑅 value of the matrix has been reached. MDA is a
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widely used mathematical method for consistency improvements. IBBM, in contrast, is a
newly established method, and there are only few simulations on the effectiveness of this
method available (see, e.g. Ergu, Kou, Peng, et al., 2014). For our results, MDA appeared to
require fewer changes of the inconsistent elements in the upper triangle of the higher-order
matrices (8x8) until the 𝐶𝑅 condition has been met. In contrast, the IBBM appeared to be
more effective for matrices of a smaller order. Neither method controls for a number of
elements to be adjusted, implying that all elements of the matrices may be changed until the
𝐶𝑅 condition has been met. In this study, we assumed that only 50% of the elements of the
upper triangle (and corresponding reciprocals) need to be changed to retain as many as
possible of the original preference judgments (information) provided by DMs.
For further research, it would be interesting to simulate and test for the effectiveness of
these methods for different order matrices with the controlled number of inconsistent
elements that can be adjusted. Moreover, it would be interesting to simulate and test by how
much the priority weights of matrices with an uncontrollable number of changes in elements
and a controllable number of changes in elements would differ at the individual (priority
weights of one DM) and the aggregated level (priority weights of several DMs) by applying
MDA and IBBM.
This study assumes that there are no interrelations among the selected risk factors and
among the selected causes of risk; these are assumed to be independent. However, in future
research it would also be interesting to examine whether there are any interrelationships
among those risk factors and among those causes of risk and what the directions of such
interrelations are. To this end, the analytic network process (ANP), also developed by T. L.
Saaty, may be applied. Furthermore, having data for the EPC projects realized in three focus
sectors in Russia, three case studies could be formulated. It would then be possible to
investigate and illustrate risk identification in the project preparation phase, elaboration and
implementation of the specific risk management countermeasures, and an assessment of their
implications on the project goals. Finally, also risk analysis of EPC projects covering several
countries would potentially provide valuable results for research and business purposes.
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Appendix A
Table A.1: Risks associated with EPC projects that ESCOs face, identified from the academic literature

Customer/
client risks

Planning
risks
Economic
risks

Financial
risks

Technical
risks

Management
risks

Operational
risks

Measurement
& verification
risks

Customer pre-qualification risk
Trust and familiarity with the client
Knowledge of contractual issues
Customer credit risk
Customer contract risk
Customer business/run risk
Correctness in project development phase
Initial information on facility, provided by a client
Fuel costs / energy prices volatilities
Demand charges
Exchange rate volatilities
Equipment cost volatilities
Labor cost volatilities
Financing risk
Shortage and financing difficulties
Financing method risk
Interest rate volatilities
Cost of capital
Changes in taxes
Inflation risk
Insufficiency floating capital risk
Pricing error risk
Bank loan assurance risk
Technology and material choosing and procurement
risks
Technology/equipment performance
Equipment sizing
Equipment lifetime
Defective equipment and installation
System performance and complexity
Advanced technology risk
Decision risk
Ability risk
Information management risk
Subcontractor quality risk
Operational and maintenance practice risks
Project designing risk
System operating risk
Baseline adjusting risk
Indoor environmental quality
Success and fluency in construction works
Changes in or to the facility affecting project
performance
Energy audit quality
Inadequate baseyear documentation
Data quality
Modeling errors
Energy power (e.g. kWh)/inadequate measurement
plan
Metering and measurement precision /accuracy
Expected and unexpected modifications to facilities
and occupants’ usage

Shang et
al. (2008)

Jinrong
and Enyi
(2011)
Wang and
Chen
(2008)

Risks of EPC projects
realized in China
Mills et al.
(2006)

Heimonen
et al.
(2007)
Cook and
Bradford
(2012)

Risks (groups/factors/causes)

Hansen
(2006)

General risks of EPC
projects

x
x
x
x
x
x
x

x
x

xa
x
x
x
x
x
x

x
x

xb

xc

xd
xe
xf
x
x
x

x
x

xg
x
x
x
x

x

x
x
x

h

x

x
x
x

x
x
x

x
x

x
x
x
x
x

x
x

x
x
x
x

x
x
xi

x
x
x
x
x

x
x

xj
xk

x
x

x

x

x

xl

x

(continued)
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Quantity of
saved energy
risks
Market
risks
Political &
legal risks

Shang et
al. (2008)

Jinrong
and Enyi
(2011)
Wang and
Chen
(2008)

Risks of EPC projects
realized in China
Mills et al.
(2006)

Heimonen
et al.
(2007)
Cook and
Bradford
(2012)

Risks (groups/factors/causes)

Hansen
(2006)

General risks of EPC
projects

x

Saved energy reducing risk
Energy-savings quantity risk
Energy-savings shortfall
Evaluation institution choosing risk
Market demand risk
Market competition risk
Lack of understanding of the EPC concept
Dependence on import of energy-saving
Energy policy and law risk
Industry structure adjusting risk

x
xm
x
x
x
xn
x

x
x

x
x
x

Notes:
a
Mills et al. (2006) integrated the initial information on facility risk to a group contextual risks.
b
Wang and Chen (2008) classified energy prices changing risk as a cost risk; it is considered here under fuel cost/energy
price volatilities
c
Shang et al. (2008) arranged fluctuation of world energy price risk into the group market risks; we renamed it and
arranged it as the group economic risks.
d
Wang and Chen (2008) arranged the changes in exchange rates as a finance risk by differentiating between the
financial and finance risks; we renamed it and consider it under the economic group of risks.
e
Wang and Chen (2008) integrated the main production equipment cost changing risk as a cost risk; we renamed it and
arranged it as the economic group of risks.
f
Wang and Chen (2008) considered the human resources cost changing risk as a cost risk; we renamed it and consider it
as labour costs in the group economic risks.
g
Mills et al. (2006) classified cost of capital as economic risk; we arrange it as the financial group of risks.
h
Jinrong and Enyi (2011) ranked equipment and material procurement risk as a project quality risk; we allocated it into
the group technical risks.
i
Jinrong and Enyi (2011) integrated a construction risk into the group project quality risk; we arranged it as the group
operational risks.
j
Wang and Chen (2008) ranked the data risk as quantity of saved energy risks; we allocated it under the group
measurement & verification risks’ as data quality.
k
Wang and Chen (2008) integrated the model error risk into the group quantity of saved energy risks; we allocated it to
the group measurement & verification risks
l
Shang et al. (2008) arranged the measurement risk of energy-saving amount to the group of benefit risks; we shifted it
to the group quantity of saved energy risks.
m
Cook and Bradford (2012) classified shortfall in savings as a guaranty risk; we arrange it as the group quantity of
saved energy risks.
n
Cook and Bradford (2012) classified lack of understanding of the EPC concept under the expectation risks group; we
allocated it to the group market risks.

Source: Own compilation, based on Cook and Bradford (2012); Hansen (2006); Heimonen et al. (2007); Jinrong
and Enyi (2011); Mills et al. (2006); Shang et al. (2008); Wang and Chen (2008)

Appendix B
Table A.2: AHP fundamental scale of absolute numbers
Intensity of
importance

Definition

Explanation

1

Equal importance

3

Weak importance of one over another

5

Essential or strong importance

7

Very strong or demonstrated importance

9

Absolute importance

Two activities contribute equally to the objective
Experience and judgment slightly favor one activity over
another
Experience and judgment strongly favor one activity over
another
An activity is favored very strongly over another; its
dominance is demonstrated in practice
The evidence favoring one activity over another is of the
highest possible order of affirmation
When compromise is needed

2, 4, 6, 8
Reciprocals of
above nonzero

Intermediate values between adjacent scale values

If activity 𝑖 has one of the above nonzero numbers assigned to it when compared with activity 𝑗, then 𝑗 has the
reciprocal value when compared with 𝑖

Source: Saaty (1980, p. 54)
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Appendix C - Consistency improvement according to the MDA approach
The MDA aims at improving the consistency of judgments by identifying the most
inconsistent element 𝑎𝑖𝑗 in the original judgment matrix 𝐴 (eq.(A.1)) (Saaty, 2003, 2013b):
𝑤

𝑑𝑖𝑗 = 𝑎𝑖𝑗 𝑤𝑗.

(A.1)

𝑖

Step 1: Construction of a matrix with entries 𝐶 = 𝑑𝑖𝑗 = 𝑎𝑖𝑗 𝑤𝑗 /𝑤𝑖 , where 𝑤𝑗 /𝑤𝑖 are the
corresponding elements of the priority vector of 𝐴;
Step 2: Identification of the largest value in 𝐶, for which 𝑑𝑖𝑗 is the farthest from zero. The
corresponding position of this largest element 𝑑𝑖𝑗 of 𝐶 should be determined in the matrix
𝐴 with 𝑎𝑖𝑗 ;
Step 3:

Correction of the identified element 𝑎𝑖𝑗 by replacing61 it in its position by 𝑎′𝑖𝑗 =

𝑤𝑖 /𝑤𝑗 and in its reciprocal (𝑎𝑗𝑖 = 1/𝑎𝑖𝑗 ) by 𝑎′𝑗𝑖 = 𝑤𝑗 /𝑤𝑖 . The values of 𝑎′𝑖𝑗 and 𝑎′𝑗𝑖
should be approximated to one of the nearest values of the fundamental 1-9 scale (1/9,
1/8,…, 1,…, 8, 9);
Step 4: Calculation of the “new” priority vector 𝑤 ′ and the “new” 𝐶𝑅 value of the adjusted
matrix 𝐴.

Appendix D - Consistency improvement according to the IBBM approach
Step 1: Identification of the location of an inconsistent element(s) with the largest absolute
value in the induced pairwise comparison matrix 𝐶𝑛×𝑛 of 𝑛 by eq. (A.2):
𝐶 = 𝐴𝐴 − 𝑛𝐴 {

= 0 𝑖𝑓
≈ 0 𝑖𝑓

𝑎𝑖𝑘 𝑎𝑘𝑗 = 𝑎𝑖𝑗
.
𝑎𝑖𝑘 𝑎𝑘𝑗 ≈ 𝑎𝑖𝑗

(A.2)

If the induced matrix 𝐶 is equal (close) to the zero matrix, then the comparison matrix 𝐴 is
perfectly (approximately) consistent (cf. Theorem 3.1., Corollaries 3.2-3.2 discussed in Kou
et al. (2013, p. 30). Otherwise, the largest absolute value of an element deviating farthest from
zero in 𝐶 should be identified and its location should be noted.62
Step 2: Identification of the potential inconsistent elements by the bias identifying vector:

Such a change of 𝑎𝑖𝑗 is expected to result in a new comparison matrix with a smaller λmax .
If 𝑐𝑖𝑗 , for example, is the element with maximum absolute value in matrix 𝐶, then its location in matrix 𝐴 can
be identified as 𝑖th row and 𝑗th column (Kou et al., 2013).
61
62
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i. The 𝑖 th row of the original pairwise comparison matrix 𝐴 is represented as a row vector
𝑟𝑖 = (𝑎𝑖1 , 𝑎𝑖2 , … , 𝑎𝑖𝑛 );

the

𝑗th

column

of

matrix

𝐴

as

a

column

vector

𝑐𝑗𝑇 = (𝑎1𝑗 , 𝑎2𝑗 , … , 𝑎𝑛𝑗 )𝑇 , where 𝑐𝑗𝑇 is the transpose vector of the column vector 𝑐𝑗 ;
ii. The scalar product 𝑏 of the vectors 𝑟𝑖 and 𝑐𝑗𝑇 in 𝑛 dimension is calculated by eq. (A.3):
𝑏 = 𝑟𝑖 · 𝑐𝑗𝑇 = (𝑎𝑖1 , 𝑎𝑖2 , … , 𝑎𝑖𝑛 ) · (𝑎1𝑗 , 𝑎2𝑗 , … , 𝑎𝑛𝑗 ) =
(𝑎𝑖1 𝑎1𝑗 , 𝑎𝑖2 𝑎2𝑗 , … , 𝑎𝑖𝑛 𝑎𝑛𝑗 ).

(A.3)

iii. The so-called bias identifying vector 𝑓 captures the elements which are far away from 𝑎𝑖𝑗
in the vector 𝑏 by using eq. (A.4):
𝑓 = 𝑏 − 𝑎𝑖𝑗 = (𝑎𝑖1 𝑎1𝑗 − 𝑎𝑖𝑗 , 𝑎𝑖2 𝑎2𝑗 − 𝑎𝑖𝑗 , … , 𝑎𝑖𝑛 𝑎𝑛𝑗 − 𝑎𝑖𝑗 ).

(A.4)

Step 3: Identification of the inconsistent element(s) in 𝐴
The “error” elements in pairwise matrix 𝐴 that might cause the inconsistency can be detected
by the bias identifying vector 𝑓. To do so, Ergu et al. (2011) and Kou et al. (2013) introduce
the following three principal identification methods: Method for Maximum, Method for
Minimum, and Method for identifying 𝑎𝑖𝑗 .63 Similarly to Ergu, Kou, Peng, et al. (2014), these
three methods were combined in an iterative algorithm applied in MATLAB:
i. If 𝑐𝑖𝑗 < 0, then 𝑎𝑖𝑗 is adjusted by eq. (A.5):
1

′
𝑎𝑖𝑗
= 𝑛−2 ∑𝑛𝑘=1,≠𝑖,𝑗 𝑎𝑖𝑘 𝑎𝑘𝑗 .

(A.5)

ii. If 𝑐𝑖𝑗 > 0 && min(f) == 0,64 then 𝑎𝑖𝑗 is adjusted by eq. (A.5);
If the condition of the Step 3(ii) does not hold, then further identification of 𝑎𝑖𝑘 and 𝑎𝑘𝑗
occurs (iii-vi):
iii. If 𝑐𝑖𝑘 < 0 & 𝑐𝑘𝑗 ≥ 0 then adjust 𝑎𝑖𝑘 by eq. (A.6) from Kou et al. (2013):
1

′
𝑎𝑖𝑗
= 𝑛−2 𝑐𝑖𝑗 + 𝑎𝑖𝑗 .

(A.6)

Method for Maximum aims at identification of the largest value in vector 𝑓, when there are “more” of absolute
values in vector 𝑓 around zero and “fewer” values are deviating from zero. Method for Minimum aims at
identification of the smallest value in vector 𝑓, when “more” absolute values of elements in vector 𝑓 are “far”
away from zero, and “fewer” values are “close” to zero, or equal to zero. Method for identifying 𝑎𝑖𝑗 is based on
the assumptions that if the largest value in 𝐶 is negative, then the element 𝑎𝑖𝑗 is too large. In cases where there
are only two zeros in 𝑓 vector in the location 𝑖 th and 𝑗th and other elements are positive, then the element 𝑎𝑖𝑗 is
too small (Kou et al., 2013).
64
There is at least “one” zero in the vector 𝑓 (personal communication with Daji Ergu, via email, June 21, 2014).
63
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iv. If 𝑐𝑖𝑘 ≥ 0 & 𝑐𝑘𝑗 < 0 then adjust 𝑎𝑘𝑗 by eq. (A.6);
v. If 𝑐𝑖𝑘 < 0 && 𝑐𝑘𝑗 < 0, and if 𝑎𝑏𝑠(𝑐𝑖𝑘 ) ≥ 𝑎𝑏𝑠(𝑐𝑘𝑗 ), then adjust 𝑎𝑖𝑘 by eq. (A.6), else,
adjust 𝑎𝑘𝑗 by eq. (A.6).
If 𝑓(𝑘) > 0 & 𝑐𝑖𝑘 ≥ 0 & 𝑐𝑘𝑗 ≥ 0, then, according to Ergu, Kou, Peng, et al. (2014), it is
unreasonable to proceed with the adjustment. The second largest value in 𝐶 should be
identified, and the calculation should be started with Step 2 again.

Appendix E

Response in
written form

Personal interviews

Table A.3: List of the interviewees
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Names of interviewees

Position

Company

Elena Medvedeva
(Елена Медведева)
Alexey Fedoseyev
(Алексей Федосеев)
Anatoly Rachmaninov
(Анатолий Рахманинов)
Sergej Sergeev
(Сергей Сергеев)
Sergej Mancha
(Сергей Манчха)

Executive
director

Closed Joint Stock Company (ZAO) "SENRI"

Nikolai Shkut
(Николай Шкут)

Executive
director

General director
Deputy general
director
Deputy general
director
Deputy general
director

Closed Joint Stock Company (ZAO) "Investing Energy Service
Company"
Closed Joint Stock Company (ZAO) "Investing Energy Service
Company"
Limited Liability Company (ООО) Investing Energy Service
Company "ENEFCOM"
“Scientific Innovation Center of energy efficiency technologies”

Non-commercial partnership SRO "Inter-Regional Association
for the Development of Energy Market and Energy Efficiency"

List of FCN Working Papers
2014
Sunak Y., Madlener R. (2014). Local Impacts of Wind Farms on Property Values: A Spatial Difference-inDifferences Analysis, FCN Working Paper No. 1/2014, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, February (revised October 2014).
Garnier E., Madlener R. (2014). Leveraging Flexible Loads and Options-based Trading Strategies to Optimize
Intraday Effects on the Market Value of Renewable Energy, FCN Working Paper No. 2/2014, Institute for
Future Energy Consumer Needs and Behavior, RWTH Aachen University, February.
Kerres B., Fischer K., Madlener R. (2014). Economic Evaluation of Maintenance Strategies for Wind Turbines: A
Stochastic Analysis, FCN Working Paper No. 3/2014, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, March.
Loucao S., Madlener R. (2014). External Effects of Hydraulic Fracturing: Risks and Welfare Considerations for
Water Supply in Germany, FCN Working Paper No. 4/2014, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, April.
Popov M., Madlener R. (2014). Backtesting and Evaluation of Different Trading Schemes for the Portfolio
Management of Natural Gas, FCN Working Paper No. 5/2014, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, May.
Madlener R., Reismann T. (2014). The Great Pacific Garbage Patch: A Preliminary Economic Analysis of the
‘Sixth Continent’, FCN Working Paper No. 6/2014, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, May.
Blum J., Madlener R., Michelsen C.C. (2014). Exploring the Diffusion of Innovative Residential Heating Systems in
Germany: An Agent-Based Modeling Approach, FCN Working Paper No. 7/2014, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, July.
Tejada R., Madlener R. (2014). Optimal Renewal and Electrification Strategy for Commercial Car Fleets in
Germany, FCN Working Paper No. 8/2014, Institute for Future Energy Consumer Needs and Behavior,
RWTH Aachen University, August.
Galvin R., Madlener R. (2014). Determinants of Commuter Trends and Implications for Indirect Rebound Effects:
A Case Study of Germany’s Largest Federal State of NRW, 1994-2013, FCN Working Paper No. 9/2014,
Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University, September.
Garbuzova-Schlifter M., Madlener R. (2014). Risk Analysis of Energy Performance Contracting Projects in Russia:
An Analytic Hierarchy Process Approach, FCN Working Paper No. 10/2014, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, October.

2013
Grieser B., Madlener R., Sunak Y. (2013). Economics of Small Wind Power Plants in Urban Settings: An Empirical
Investigation for Germany, FCN Working Paper No. 1/2013, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, January.
Madlener R., Specht J.M. (2013). An Exploratory Economic Analysis of Underground Pumped-Storage Hydro
Power Plants in Abandoned Coal Mines, FCN Working Paper No. 2/2013, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, February.
Kroniger D., Madlener R. (2013). Hydrogen Storage for Wind Parks: A Real Options Evaluation for an Optimal
Investment in More Flexibility, FCN Working Paper No. 3/2013, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, February.

Petersen C., Madlener R. (2013). The Impact of Distributed Generation from Renewables on the Valuation and
Marketing of Coal-Fired and IGCC Power Plants, FCN Working Paper No. 4/2013, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, February.
Oberst C.A., Oelgemöller J. (2013). Economic Growth and Regional Labor Market Development in German
Regions: Okun’s Law in a Spatial Context, FCN Working Paper No. 5/2013, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, March.
Harmsen - van Hout M.J.W., Ghosh G.S., Madlener R. (2013). An Evaluation of Attribute Anchoring Bias in a
Choice Experimental Setting. FCN Working Paper No. 6/2013, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, April.
Harmsen - van Hout M.J.W., Ghosh G.S., Madlener R. (2013). The Impact of Green Framing on Consumers’
Valuations of Energy-Saving Measures. FCN Working Paper No. 7/2013, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, April.
Rosen C., Madlener R. (2013). An Experimental Analysis of Single vs. Multiple Bids in Auctions of Divisible
Goods, FCN Working Paper No. 8/2013, Institute for Future Energy Consumer Needs and Behavior, RWTH
Aachen University, April (revised November 2013).
Palmer J., Sorda G., Madlener R. (2013). Modeling the Diffusion of Residential Photovoltaic Systems in Italy: An
Agent-based Simulation, FCN Working Paper No. 9/2013, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, May.
Bruns S.B., Gross C. (2013). What if Energy Time Series are not Independent? Implications for Energy-GDP
Causality Analysis, FCN Working Paper No. 10/2013, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, June.
Bruns S.B., Gross C., Stern D.I. (2013). Is There Really Granger Causality Between Energy Use and Output?,
FCN Working Paper No. 11/2013, Institute for Future Energy Consumer Needs and Behavior, RWTH
Aachen University, August.
Rohlfs W., Madlener R. (2013). Optimal Power Generation Investment: Impact of Technology Choices and
Existing Portfolios for Deploying Low-Carbon Coal Technologies, FCN Working Paper No. 12/2013, Institute
for Future Energy Consumer Needs and Behavior, RWTH Aachen University, August.
Rohlfs W., Madlener R. (2013). Challenges in the Evaluation of Ultra-Long-Lived Projects: Risk Premia for
Projects with Eternal Returns or Costs, FCN Working Paper No. 13/2013, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, August.
Michelsen C.C., Madlener R. (2013). Switching from Fossil Fuel to Renewables in Residential Heating Systems:
An Empirical Study of Homeowners' Decisions in Germany, FCN Working Paper No. 14/2013, Institute for
Future Energy Consumer Needs and Behavior, RWTH Aachen University, October.
Rosen C., Madlener R. (2013). The Role of Information Feedback in Local Reserve Energy Auction Markets, FCN
Working Paper No. 15/2013, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen
University, November.
Himpler S., Madlener R. (2013). A Dynamic Model for Long-Term Price and Capacity Projections in the Nordic
Green Certificate Market, FCN Working Paper No. 16/2013, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, November.
Weibel S., Madlener R. (2013). Cost-effective Design of Ringwall Storage Hybrid Power Plants: A Real Options
Analysis, FCN Working Paper No. 17/2013, Institute for Future Energy Consumer Needs and Behavior,
RWTH Aachen University, December.
Budny C., Madlener R., Hilgers C. (2013). Economic Feasibility of Pipeline and Underground Reservoir Storage
Options for Power-to-Gas Load Balancing, FCN Working Paper No. 18/2013, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, December.
Johann A., Madlener R. (2013). Profitability of Energy Storage for Raising Self-Consumption of Solar Power:
Analysis of Different Household Types in Germany, FCN Working Paper No. 19/2013, Institute for Future
Energy Consumer Needs and Behavior, RWTH Aachen University, December.
Hackbarth A., Madlener R. (2013). Willingness-to-Pay for Alternative Fuel Vehicle Characteristics: A Stated
Choice Study for Germany, FCN Working Paper No. 20/2013, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, December.

Katatani T., Madlener R. (2013). Modeling Wholesale Electricity Prices: Merits of Fundamental Data and DayAhead Forecasts for Intermittent Power Production, FCN Working Paper No. 21/2013, Institute for Future
Energy Consumer Needs and Behavior, RWTH Aachen University, December.
Baumgärtner M., Madlener R. (2013). Factors Influencing Energy Consumer Behavior in the Residential Sector in
Europe: Exploiting the REMODECE Database, FCN Working Paper No. 22/2013, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, December.
Charalampous G., Madlener R. (2013). Risk Management and Portfolio Optimization for Gas- and Coal-Fired
Power Plants in Germany: A Multivariate GARCH Approach, FCN Working Paper No. 23/2013, Institute for
Future Energy Consumer Needs and Behavior, RWTH Aachen University, December.
Mallah S., Madlener R. (2013). The Causal Relationship Between Energy Consumption and Economic Growth in
Germany: A Multivariate Analysis, FCN Working Paper No. 24/2013, Institute for Future Energy Consumer
Needs and Behavior, RWTH Aachen University, December.

2012
Ghosh G., Shortle J. (2012). Managing Pollution Risk through Emissions Trading, FCN Working Paper
No. 1/2012, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University, January.
Palzer A., Westner G., Madlener M. (2012). Evaluation of Different Hedging Strategies for Commodity Price Risks
of Industrial Cogeneration Plants, FCN Working Paper No. 2/2012, Institute for Future Energy Consumer
Needs and Behavior, RWTH Aachen University, March (revised March 2013).
Sunak Y., Madlener R. (2012). The Impact of Wind Farms on Property Values: A Geographically Weighted
Hedonic Pricing Model, FCN Working Paper No. 3/2012, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, May (revised March 2013).
Achtnicht M., Madlener R. (2012). Factors Influencing German House Owners' Preferences on Energy Retrofits,
FCN Working Paper No. 4/2012, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen
University, June.
Schabram J., Madlener R. (2012). The German Market Premium for Renewable Electricity: Profitability and Risk
of Self-Marketing, FCN Working Paper No. 5/2012, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, July.
Garbuzova M., Madlener R. (2012). Russia’s Emerging ESCO Market: Prospects and Barriers for Energy
Efficiency Investments, FCN Working Paper No. 6/2012, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, July (revised September 2012).
Rosen C., Madlener R. (2012). Auction Design for Local Reserve Energy Markets, FCN Working Paper No.
7/2012, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University, July (revised
March 2013).
Sorda G., Madlener R. (2012). Cost-Effectiveness of Lignocellulose Biorefineries and their Impact on the
Deciduous Wood Markets in Germany. FCN Working Paper No. 8/2012, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, September.
Madlener R., Ortlieb C. (2012). An Investigation of the Economic Viability of Wave Energy Technology: The Case
of the Ocean Harvester, FCN Working Paper No. 9/2012, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, October.
Hampe J., Madlener R. (2012). Economics of High-Temperature Nuclear Reactors for Industrial Cogeneration,
FCN Working Paper No. 10/2012, Institute for Future Energy Consumer Needs and Behavior, RWTH
Aachen University, October.
Knaut A., Madlener R., Rosen C., Vogt C. (2012). Effects of Temperature Uncertainty on the Valuation of
Geothermal Projects: A Real Options Approach, FCN Working Paper No. 11/2012, Institute for Future
Energy Consumer Needs and Behavior, RWTH Aachen University, November.
Hünteler J., Niebuhr C.F., Schmidt T.S., Madlener R., Hoffmann V.H. (2012). Financing Feed-in Tariffs in
Developing Countries under a Post-Kyoto Climate Policy Regime: A Case Study of Thailand, FCN Working
Paper No. 12/2012, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University,
December.

Blass N., Madlener R. (2012). Structural Inefficiencies and Benchmarking of Water Supply Companies in
Germany, FCN Working Paper No. 13/2012, Institute for Future Energy Consumer Needs and Behavior,
RWTH Aachen University, December.
Madlener R., Schabram J. (2012). Predicting Reserve Energy from New Renewables by Means of Principal
Component Analysis and Copula Functions, FCN Working Paper No. 14/2012, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, December.
Harzendorf F., Madlener R. (2012). Optimal Investment in Gas-Fired Engine-CHP Plants in Germany: A Real
Options Approach, FCN Working Paper No. 15/2012, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, December.
Schmitz M., Madlener R. (2012). Economic Feasibility of Kite-Based Wind Energy Powerships with CAES or
Hydrogen Storage, FCN Working Paper No. 16/2012, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, December.
Dergiades T., Madlener R., Christofidou G. (2012). The Nexus between Natural Gas Spot and Futures Prices at
NYMEX: Do Weather Shocks and Non-Linear Causality in Low Frequencies Matter?, FCN Working Paper
No. 17/2012, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University,
December (revised September 2013).
Rohlfs W., Madlener R. (2012). Assessment of Clean-Coal Strategies: The Questionable Merits of Carbon
Capture-Readiness, FCN Working Paper No. 18/2012, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, December.
Wüstemeyer C., Bunn D., Madlener R. (2012). Bridging the Gap between Onshore and Offshore Innovations by
the European Wind Power Supply Industry: A Survey-based Analysis, FCN Working Paper No. 19/2012,
Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University, December.
Fuhrmann J., Madlener R. (2012). Evaluation of Synergies in the Context of European Multi-Business Utilities,
FCN Working Paper No. 20/2012, Institute for Future Energy Consumer Needs and Behavior, RWTH
Aachen University, December.

2011
Sorda G., Sunak Y., Madlener R. (2011). A Spatial MAS Simulation to Evaluate the Promotion of Electricity from
Agricultural Biogas Plants in Germany, FCN Working Paper No. 1/2011, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, January (revised October 2012).
Madlener R., Hauertmann M. (2011). Rebound Effects in German Residential Heating: Do Ownership and Income
Matter?, FCN Working Paper No. 2/2011, Institute for Future Energy Consumer Needs and Behavior, RWTH
Aachen University, February.
Garbuzova M., Madlener R. (2011). Towards an Efficient and Low-Carbon Economy Post-2012: Opportunities and
Barriers for Foreign Companies in the Russian Market, FCN Working Paper No. 3/2011, Institute for Future
Energy Consumer Needs and Behavior, RWTH Aachen University, February (revised July 2011).
Westner G., Madlener R. (2011). The Impact of Modified EU ETS Allocation Principles on the Economics of CHPBased District Heating Networks. FCN Working Paper No. 4/2011, Institute for Future Energy Consumer
Needs and Behavior, RWTH Aachen University, February.
Madlener R., Ruschhaupt J. (2011). Modeling the Influence of Network Externalities and Quality on Market Shares
of Plug-in Hybrid Vehicles, FCN Working Paper No. 5/2011, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, March.
Juckenack S., Madlener R. (2011). Optimal Time to Start Serial Production: The Case of the Direct Drive Wind
Turbine of Siemens Wind Power A/S, FCN Working Paper No. 6/2011, Institute for Future Energy Consumer
Needs and Behavior, RWTH Aachen University, March.
Madlener R., Sicking S. (2011). Assessing the Economic Potential of Microdrilling in Geothermal Exploration, FCN
Working Paper No. 7/2011, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen
University, April.
Bernstein R., Madlener R. (2011). Responsiveness of Residential Electricity Demand in OECD Countries: A Panel
Cointegration and Causality Analysis, FCN Working Paper No. 8/2011, Institute for Future Energy Consumer
Needs and Behavior, RWTH Aachen University, April.

Michelsen C.C., Madlener R. (2011). Homeowners' Preferences for Adopting Residential Heating Systems: A
Discrete Choice Analysis for Germany, FCN Working Paper No. 9/2011, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, May (revised January 2012).
Madlener R., Glensk B., Weber V. (2011). Fuzzy Portfolio Optimization of Onshore Wind Power Plants. FCN
Working Paper No. 10/2011, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen
University, May.
Glensk B., Madlener R. (2011). Portfolio Selection Methods and their Empirical Applicability to Real Assets in
Energy Markets. FCN Working Paper No. 11/2011, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, May.
Kraas B., Schroedter-Homscheidt M., Pulvermüller B., Madlener R. (2011). Economic Assessment of a
Concentrating Solar Power Forecasting System for Participation in the Spanish Electricity Market, FCN
Working Paper No. 12/2011, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen
University, May.
Stocker A., Großmann A., Madlener R., Wolter M.I., (2011). Sustainable Energy Development in Austria Until
2020: Insights from Applying the Integrated Model “e3.at”, FCN Working Paper No. 13/2011, Institute for
Future Energy Consumer Needs and Behavior, RWTH Aachen University, July.
Kumbaroğlu G., Madlener R. (2011). Evaluation of Economically Optimal Retrofit Investment Options for Energy
Savings in Buildings. FCN Working Paper No. 14/2011, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, September.
Bernstein R., Madlener R. (2011). Residential Natural Gas Demand Elasticities in OECD Countries: An ARDL
Bounds Testing Approach, FCN Working Paper No. 15/2011, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, October.
Glensk B., Madlener R. (2011). Dynamic Portfolio Selection Methods for Power Generation Assets, FCN Working
Paper No. 16/2011, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University,
November.
Michelsen C.C., Madlener R. (2011). Homeowners' Motivation to Adopt a Residential Heating System: A Principal
Component Analysis, FCN Working Paper No. 17/2011, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, November (revised January 2013).
Razlaf J., Madlener R. (2011). Performance Measurement of CCS Power Plants Using the Capital Asset Pricing
Model, FCN Working Paper No. 18/2011, Institute for Future Energy Consumer Needs and Behavior, RWTH
Aachen University, November.
Himpler S., Madlener R. (2011). Repowering of Wind Turbines: Economics and Optimal Timing, FCN Working
Paper No. 19/2011, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University,
November (revised July 2012).
Hackbarth A., Madlener R. (2011). Consumer Preferences for Alternative Fuel Vehicles: A Discrete Choice
Analysis, FCN Working Paper No. 20/2011, Institute for Future Energy Consumer Needs and Behavior,
RWTH Aachen University, December (revised December 2012).
Heuser B., Madlener R. (2011). Geothermal Heat and Power Generation with Binary Plants: A Two-Factor Real
Options Analysis, FCN Working Paper No. 21/2011, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, December.
Rohlfs W., Madlener R. (2011). Multi-Commodity Real Options Analysis of Power Plant Investments: Discounting
Endogenous Risk Structures, FCN Working Paper No. 22/2011, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, December (revised July 2012).

2010
Lang J., Madlener R. (2010). Relevance of Risk Capital and Margining for the Valuation of Power Plants: Cash
Requirements for Credit Risk Mitigation, FCN Working Paper No. 1/2010, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, February.
Michelsen C.C., Madlener R. (2010). Integrated Theoretical Framework for a Homeowner’s Decision in Favor of
an Innovative Residential Heating System, FCN Working Paper No. 2/2010, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, February.

Harmsen - van Hout M.J.W., Herings P.J.-J., Dellaert B.G.C. (2010). The Structure of Online Consumer
Communication Networks, FCN Working Paper No. 3/2010, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, March.
Madlener R., Neustadt I. (2010). Renewable Energy Policy in the Presence of Innovation: Does Government PreCommitment Matter?, FCN Working Paper No. 4/2010, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, April (revised June 2010 and December 2011).
Harmsen - van Hout M.J.W., Dellaert B.G.C., Herings, P.J.-J. (2010). Behavioral Effects in Individual Decisions of
Network Formation: Complexity Reduces Payoff Orientation and Social Preferences, FCN Working Paper
No. 5/2010, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University, May.
Lohwasser R., Madlener R. (2010). Relating R&D and Investment Policies to CCS Market Diffusion Through TwoFactor Learning, FCN Working Paper No. 6/2010, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, June.
Rohlfs W., Madlener R. (2010). Valuation of CCS-Ready Coal-Fired Power Plants: A Multi-Dimensional Real
Options Approach, FCN Working Paper No. 7/2010, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, July.
Rohlfs W., Madlener R. (2010). Cost Effectiveness of Carbon Capture-Ready Coal Power Plants with Delayed
Retrofit, FCN Working Paper No. 8/2010, Institute for Future Energy Consumer Needs and Behavior, RWTH
Aachen University, August (revised December 2010).
Gampert M., Madlener R. (2010). Pan-European Management of Electricity Portfolios: Risks and Opportunities of
Contract Bundling, FCN Working Paper No. 9/2010, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, August.
Glensk B., Madlener R. (2010). Fuzzy Portfolio Optimization for Power Generation Assets, FCN Working Paper
No. 10/2010, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University, August.
Lang J., Madlener R. (2010). Portfolio Optimization for Power Plants: The Impact of Credit Risk Mitigation and
Margining, FCN Working Paper No. 11/2010, Institute for Future Energy Consumer Needs and Behavior,
RWTH Aachen University, September.
Westner G., Madlener R. (2010). Investment in New Power Generation Under Uncertainty: Benefits of CHP vs.
Condensing Plants in a Copula-Based Analysis, FCN Working Paper No. 12/2010, Institute for Future
Energy Consumer Needs and Behavior, RWTH Aachen University, September.
Bellmann E., Lang J., Madlener R. (2010). Cost Evaluation of Credit Risk Securitization in the Electricity Industry:
Credit Default Acceptance vs. Margining Costs, FCN Working Paper No. 13/2010, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, September (revised May 2011).
Ernst C.-S., Lunz B., Hackbarth A., Madlener R., Sauer D.-U., Eckstein L. (2010). Optimal Battery Size for Serial
Plug-in Hybrid Vehicles: A Model-Based Economic Analysis for Germany, FCN Working Paper No. 14/2010,
Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University, October (revised June
2011).
Harmsen - van Hout M.J.W., Herings P.J.-J., Dellaert B.G.C. (2010). Communication Network Formation with Link
Specificity and Value Transferability, FCN Working Paper No. 15/2010, Institute for Future Energy Consumer
Needs and Behavior, RWTH Aachen University, November.
Paulun T., Feess E., Madlener R. (2010). Why Higher Price Sensitivity of Consumers May Increase Average
Prices: An Analysis of the European Electricity Market, FCN Working Paper No. 16/2010, Institute for Future
Energy Consumer Needs and Behavior, RWTH Aachen University, November.
Madlener R., Glensk B. (2010). Portfolio Impact of New Power Generation Investments of E.ON in Germany,
Sweden and the UK, FCN Working Paper No. 17/2010, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, November.
Ghosh G., Kwasnica A., Shortle J. (2010). A Laboratory Experiment to Compare Two Market Institutions for
Emissions Trading, FCN Working Paper No. 18/2010, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, November.
Bernstein R., Madlener R. (2010). Short- and Long-Run Electricity Demand Elasticities at the Subsectoral Level: A
Cointegration Analysis for German Manufacturing Industries, FCN Working Paper No. 19/2010, Institute for
Future Energy Consumer Needs and Behavior, RWTH Aachen University, November.

Mazur C., Madlener R. (2010). Impact of Plug-in Hybrid Electric Vehicles and Charging Regimes on Power
Generation Costs and Emissions in Germany, FCN Working Paper No. 20/2010, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, November.
Madlener R., Stoverink S. (2010). Power Plant Investments in the Turkish Electricity Sector: A Real Options
Approach Taking into Account Market Liberalization, FCN Working Paper No. 21/2010, Institute for Future
Energy Consumer Needs and Behavior, RWTH Aachen University, December (revised July 2011).
Melchior T., Madlener R. (2010). Economic Evaluation of IGCC Plants with Hot Gas Cleaning, FCN Working
Paper No. 22/2010, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University,
December.
Lüschen A., Madlener R. (2010). Economics of Biomass Co-Firing in New Hard Coal Power Plants in Germany,
FCN Working Paper No. 23/2010, Institute for Future Energy Consumer Needs and Behavior, RWTH
Aachen University, December (revised July 2012).
Madlener R., Tomm V. (2010). Electricity Consumption of an Ageing Society: Empirical Evidence from a Swiss
Household Survey, FCN Working Paper No. 24/2010, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, December.
Tomm V., Madlener R. (2010). Appliance Endowment and User Behaviour by Age Group: Insights from a Swiss
Micro-Survey on Residential Electricity Demand, FCN Working Paper No. 25/2010, Institute for Future
Energy Consumer Needs and Behavior, RWTH Aachen University, December.
Hinrichs H., Madlener R., Pearson P. (2010). Liberalisation of Germany’s Electricity System and the Ways
Forward of the Unbundling Process: A Historical Perspective and an Outlook, FCN Working Paper No.
26/2010, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University, December.
Achtnicht M. (2010). Do Environmental Benefits Matter? A Choice Experiment Among House Owners in Germany,
FCN Working Paper No. 27/2010, Institute for Future Energy Consumer Needs and Behavior, RWTH
Aachen University, December.

2009
Madlener R., Mathar T. (2009). Development Trends and Economics of Concentrating Solar Power Generation
Technologies: A Comparative Analysis, FCN Working Paper No. 1/2009, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, November (revised September 2010).
Madlener R., Latz J. (2009). Centralized and Integrated Decentralized Compressed Air Energy Storage for
Enhanced Grid Integration of Wind Power, FCN Working Paper No. 2/2009, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, November (revised September 2010).
Kraemer C., Madlener R. (2009). Using Fuzzy Real Options Valuation for Assessing Investments in NGCC and
CCS Energy Conversion Technology, FCN Working Paper No. 3/2009, Institute for Future Energy Consumer
Needs and Behavior, RWTH Aachen University, November.
Westner G., Madlener R. (2009). Development of Cogeneration in Germany: A Dynamic Portfolio Analysis Based
on the New Regulatory Framework, FCN Working Paper No. 4/2009, Institute for Future Energy Consumer
Needs and Behavior, RWTH Aachen University, November (revised March 2010).
Westner G., Madlener R. (2009). The Benefit of Regional Diversification of Cogeneration Investments in Europe:
A Mean-Variance Portfolio Analysis, FCN Working Paper No. 5/2009, Institute for Future Energy Consumer
Needs and Behavior, RWTH Aachen University, November (revised March 2010).
Lohwasser R., Madlener R. (2009). Simulation of the European Electricity Market and CCS Development with the
HECTOR Model, FCN Working Paper No. 6/2009, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, November.
Lohwasser R., Madlener R. (2009). Impact of CCS on the Economics of Coal-Fired Power Plants – Why
Investment Costs Do and Efficiency Doesn’t Matter, FCN Working Paper No. 7/2009, Institute for Future
Energy Consumer Needs and Behavior, RWTH Aachen University, November.
Holtermann T., Madlener R. (2009). Assessment of the Technological Development and Economic Potential of
Photobioreactors, FCN Working Paper No. 8/2009, Institute for Future Energy Consumer Needs and
Behavior, RWTH Aachen University, November.

Ghosh G., Carriazo F. (2009). A Comparison of Three Methods of Estimation in the Context of Spatial Modeling,
FCN Working Paper No. 9/2009, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen
University, November.
Ghosh G., Shortle J. (2009). Water Quality Trading when Nonpoint Pollution Loads are Stochastic, FCN Working
Paper No. 10/2009, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University,
November.
Ghosh G., Ribaudo M., Shortle J. (2009). Do Baseline Requirements hinder Trades in Water Quality Trading
Programs?, FCN Working Paper No. 11/2009, Institute for Future Energy Consumer Needs and Behavior,
RWTH Aachen University, November.
Madlener R., Glensk B., Raymond P. (2009). Investigation of E.ON’s Power Generation Assets by Using MeanVariance Portfolio Analysis, FCN Working Paper No. 12/2009, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, November.

2008
Madlener R., Neustadt I., Zweifel P. (2008). Promoting Renewable Electricity Generation in Imperfect Markets:
Price vs. Quantity Policies, FCN Working Paper No. 1/2008, Institute for Future Energy Consumer Needs
and Behavior, RWTH Aachen University, July (revised November 2011).
Madlener R., Wenk C. (2008). Efficient Investment Portfolios for the Swiss Electricity Supply Sector, FCN Working
Paper No. 2/2008, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen University,
August.
Omann I., Kowalski K., Bohunovsky L., Madlener R., Stagl S. (2008). The Influence of Social Preferences on
Multi-Criteria Evaluation of Energy Scenarios, FCN Working Paper No. 3/2008, Institute for Future Energy
Consumer Needs and Behavior, RWTH Aachen University, August.
Bernstein R., Madlener R. (2008). The Impact of Disaggregated ICT Capital on Electricity Intensity of Production:
Econometric Analysis of Major European Industries, FCN Working Paper No. 4/2008, Institute for Future
Energy Consumer Needs and Behavior, RWTH Aachen University, September.
Erber G., Madlener R. (2008). Impact of ICT and Human Skills on the European Financial Intermediation Sector,
FCN Working Paper No. 5/2008, Institute for Future Energy Consumer Needs and Behavior, RWTH Aachen
University, September.

FCN Working Papers are free of charge. They can mostly be downloaded in pdf format from the FCN / E.ON ERC
Website (www.eonerc.rwth-aachen.de/fcn) and the SSRN Website (www.ssrn.com), respectively. Alternatively,
they may also be ordered as hardcopies from Ms Sabine Schill (Phone: +49 (0) 241-80 49820,
E-mail: post_fcn@eonerc.rwth-aachen.de), RWTH Aachen University, Institute for Future Energy Consumer
Needs and Behavior (FCN), Chair of Energy Economics and Management (Prof. Dr. Reinhard Madlener),
Mathieustrasse 10, 52074 Aachen, Germany.

