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abstract
Energy performance contracting (EPC) has emerged as a useful project financ-
ing and delivery tool for building retrofits, particularly among building owner-
ships which have experienced reduced funding for capital projects. Through EPC, 
a contractor (called the EPC contractor or the energy service company) guaran-
tees minimum energy savings performance and enables the building owner to 
finance the project using utility savings over the length of the project (which is 
typically 12-15 years, or longer). Despite its growing use, there is a dearth of lit-
erature regarding a contractor’s risks related to the delivery and execution of EPC 
building retrofits. This is particularly important as the performance guarantee effec-
tively transfers project performance risk from the owner to the EPC contractor. 
This research proposes a project factors-based risk framework for EPC building 
retrofits, initially developed through a comprehensive review of relevant literature 
and project documents and refined through the elicited expertise of 19 highly expe-
rienced EPC contracting professionals. A Delphi technique-based expertise elici-
tation strategy was used to confirm the findings of the a priori (literature-based) 
framework and provide additional analysis related to risk causes and control mea-
sures as well as relative risk importance. This information was used to construct a 
refined risk framework which provides insight into the lengthy project performance 
period during the earliest phases of the project’s life cycle. This has the advantage 
of providing rapid screening of the project factors that can potentially lead to the 
greatest project performance risks.  

Keywords
energy performance contracting (EPC), energy efficient building practices, building 
retrofits, project performance risks, projected utility savings, controlling operating 
costs
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1. INTRODUCTION
Buildings account for approximately 40% of the total energy use in the United States with 
commercial buildings accounting for nearly half of that consumption (U.S. Department of 
Energy 2011a; Morganstern et al. 2008). Non-residential buildings with the greatest energy 
intensities include hospitals, nursing homes, educational, and public safety facilities (U.S. 
Department of Energy 2011a; U.S. Department of Energy 2011b). The continued operation 
of inefficient mechanical, electrical, and plumbing equipment can lead to increased utility 
costs, furthering inefficiencies and increased operating costs. Energy efficient building prac-
tices have been identified as one of the most cost effective measures for controlling operating 
costs in buildings. Such retrofits are a growing and important part of both the construction 
and energy economies (Drumheller and Wiehagen 2004; Dong et al. 2005; Harvey 2009; 
Bhattacharjee et al. 2010; Barbose et al. 2013; Forster et al. 2013; Laitner 2013).

Energy performance contracting (EPC) has emerged as a popular project delivery and 
financing method for executing retrofits in the MUSH (municipalities, universities, schools, 
and hospitals) market (Hopper et al. 2005). This method is often favored among building 
owners who have experienced reduced capital budgets to fund energy efficiency retrofit pro-
grams (Bharvirkar et al. 2008). EPC finances retrofits using projected utility savings gained 
through improved energy efficiency. As a result, capital is not required at project startup; 
rather, the work can be financed over a period of years, termed the contract performance 
period. EPC retrofits are typically performed by an EPC contracting firm, also known as 
an energy service company (ESCO), which guarantees a minimum level of energy savings 
resulting from the completion of the retrofit; this guarantee creates inherent risks to the con-
tractor throughout the life cycle of an EPC project. As a result, the concepts of risk analysis, 
risk management, decision-making under uncertainty, and EPCs are interrelated and must be 
treated as such. (Goldman et al. 2005; Hopper et al. 2007). 

Energy Performance Contracting (EPC) Retrofits
Energy performance contracting gained significant traction globally in the mid-1980s follow-
ing the OPEC oil crisis (Hansen 2006; Larsen et al. 2012a; Deng et al. 2014). Despite falling 
into disuse in the early 1990s, industry revenues have grown significantly over the past 20 
years, from less than $500 million in 1990 to an estimate of over $15 billion in 2020 (Stuart 
et al. 2013). 

The complexity of EPC retrofits have increased over the past 25 years. The value of 
annual savings per square foot increased approximately 25% between 1990 and 2008 and the 
simple payback period length increased approximately 50% during this same time (Larsen 
et al. 2012a). However, during this same time period, the number of institutional projects 
with excess savings decreased significantly. In an earlier study, Hopper et al. (2005) reported 
that 19% of 517 EPC projects examined experienced savings shortfalls; Larsen et al. (2012a) 
observed that approximately 16% of the 436 EPC projects they examined experienced 
a savings shortfall. Further work is required to monetize and include non-energy benefits 
(NEBs) in these projects to create additional savings opportunities for owners and EPC con-
tractors alike (Jennings and Skumatz 2006; Birr and Singer 2008; Larsen et al. 2012b).

EPC Structure and Elements
Energy performance contracting is a project delivery and financing method that provides 
turnkey service to deliver a set of energy efficiency-related upgrades to an owner, typically via 
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a performance guarantee issued by the EPC contractor, which is financed through the annual 
energy savings that result from the retrofit work (Appleman et al. 2010; Seeley 2012) and 
completed using essentially a design-build approach. During the project performance period, 
which can be 12-15 years (or longer) in the MUSH market, annual savings from efficiency 
upgrades are first used to offset debt service (e.g., loan payments for financing the project); 
any remaining savings are then available to the owner. Debt service payments are completed 
by the end of the performance period; at that point, the owner retains all savings obtained 
through the EPC retrofit, and experiences an overall reduction in operational costs (Shonder 
et al. 2010). Larsen et al. (2012a) found that 73% of public and institutional projects utilized 
a performance guarantee, whereas only 40-45% of private sector projects included such a 
guarantee. 

During the earliest project life cycle phases, EPC contractors are engaged with comple-
tion of the investment grade audit (IGA), which is an analysis of potential energy savings and 
cash flows, and the final development of the retrofit design (AEPCA 2000; Petersen 2009; 
Tetreault and Regenthal 2011). Completion of the IGA is a pivotal element of EPC retrofit 
projects as the audit includes several pre-requisites that define the remainder of the scope of 
work, including development of the baseline, against which performance guarantees are devel-
oped and expected levels of performance from the specified energy conservation measures 
(ECMs) (Sankey 2007; Ganji and Gilleland 2002; ASHRAE 2011; Baechler et al. 2011). As 
information is gathered relative to the development of the IGA, the EPC contractor must also 
analyze the potential impacts of humans on the retrofit, to include behavioral impacts such 
as the “rebound effect” (Hertwich 2005; Herring and Roy 2007; Strand 2011), the ability for 
maintenance personnel to operate newly-installed systems based on the contractor’s assump-
tions (Hansen and Brown 2004), and potential changes in the operational profile of the build-
ing (e.g., hours of operation, temperature and humidity set points, building use) (Baechler et 
al. 2011). 

EPC Savings Models
The use of shared savings has waned in favor of guaranteed savings (Goldman et al. 2005; 
Larsen et al. 2012a). The shared savings model of EPC requires that the contractor carry 
the credit risk of the customer in addition to the technical performance risk of the project; 
the EPC contractor also bears the risk of energy rate increases that exceed the agreed-upon 
escalation factor in the contract (Hansen 2006; ICF and NAESCO 2007; IFC 2011; Larsen 
et al. 2012a). If there are no energy savings, the facility owner pays the utility bill as usual. 
While the EPC contractor does not receive any payments, they also do not owe anything to 
the owner. 

The guaranteed savings contractual form has a decidedly different risk profile compared 
to shared savings, and releases the EPC contractor from financial risk; however, the perfor-
mance guarantee must ensure that a wider range of costs are recoverable, to include debt 
service, M&V fees to the contractor, and any maintenance obligations or other incremental 
costs stipulated by the contract (IFC 2011). Owners benefit from the contractually-guaran-
teed level of energy savings, - in the event of a savings shortfall, the contractor will pay the 
shortfall amount to the owner using previously-agreed upon utility rates and escalation factors 
(CCI 2009). The EPC contractor benefits by reducing their risk profile through elimination 
of carrying owner credit risk and by being able to assemble larger, more complex projects 
which potentially carry more value (European Commission 2014). Additionally, the EPC 
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contractor is generally paid up-front for the construction costs of the project via the owner’s 
financing, and ongoing payments are directed toward ongoing costs (e.g., O&M and M&V 
costs, if included in the contract) (Hopper et al. 2005).   

Research Need
Despite the growing use of EPCs in the MUSH market, a relatively limited body of related 
literature restricts the ability for research to inform practice in this important sector of the 
built environment. Since performance contracting is essentially a mechanism to transfer 
energy efficiency performance risks from the owner to the EPC contractor, project-level risks 
specific to these firms must be better-understood. This need has been noted by Hansen (2006) 
and confirmed by Berghorn (2014) in providing a list of broad risks that contractors should 
be particularly attune to; however, this work does not provide an evaluative framework for the 
assessment and evaluation of risk in EPCs. A small body of literature identifies other risks in 
performing EPCs; however, a comprehensive risk assessment framework for EPC contractors 
is required to fully understand and implement EPC retrofits in MUSH market buildings. The 
confluence of the increased use of EPCs in the MUSH market with the need to better study 
the management of contractor’s risk leads to three premises which guide the need for this 
research.

Premise #1 – Energy Efficient Retrofits Carry Risks for Contractors
Construction is an inherently risky enterprise due to the unique nature of projects as well 

as their size and complexity, and numerous contractual and management interactions among 
diverse stakeholders, which all occur in an environment with distinct political, economic, 
and social factors (Zavadskas et al. 2010; Banaitiene and Banaitis 2012). As a result, project 
risks have been well-studied in the literature, at the level of overall project risks (Tah and 
Carr 2000; Tah and Carr 2001; Zavadskas et al. 2010; Banaitiene and Banaitis 2012; Goh 
and Abdul-Rahman 2013) and at the level of individual project phases, elements, and critical 
success factors such as the project planning phase (Diab 2012), time and cost (Doloi 2012), 
safety (Hallowell and Gambatese 2010), and delay (Assaf and Al-Hejji 2006). The technical 
aspects of construction risk management have been explored related to design and retrofit of 
structures to withstand seismic events (Pampanin 2009) and selection of energy conservation 
measures (Willis 2008). A second and significant body of the literature addresses business and 
decision-related aspects of risk (Ward and Chapman 1995; Assaf and Al-Hejji 2006; Subra-
manyan et al. 2012; Xiang et al. 2012).

Premise #2 – There is a Need for Energy Efficient Retrofits in the MUSH Market
Sixty three percent of the EPC contractor industry revenue is derived from MUSH 

market projects (Stuart et al. 2013). Several factors make this market particularly attractive to 
EPC-driven work, including high rates of owner occupancy, the relatively low financial risk 
of MUSH market customers, legislation-driven energy efficiency mandates, and constrained 
capital budgets that demand alternative retrofit financing strategies (McCabe 2011). Based 
on estimates from the U.S. Department of Energy (Irwin et al. 2011) and the CBECS 2003 
survey (USDOE 2011b), the MUSH market can be assumed to comprise over one million 
buildings with nearly 20.8 billion square feet of floor area (32.2% of the national commercial 
building stock floor area). 
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While EPC contractors have been active in the MUSH market for over two decades, 
there is significant remaining market potential for energy efficiency retrofit. An analysis 
conducted by the Lawrence Berkeley National Laboratory in 2010 estimated that unmet 
energy efficiency retrofit opportunities in larger MUSH market facilities could yield annual 
energy savings of 160 million MMBTU and lifetime savings of 2.4 billion MMBTU, which 
would require approximately $35 billion in additional EPC contractor investment (Satch-
well et al. 2010).

 Premise #3 – Uncertainty and Risk Must be Understood and Managed
The interrelationships among project risks and decisions in EPC retrofits are still rela-

tively unknown due to the limited literature focused on contractor’s risks in such projects. 
Automated systems such as energy models cannot by themselves replace the need for exper-
tise in making decisions under uncertainty, such as the designer’s role in optimizing energy 
performance, owner’s requirements, constructability, and facility operating parameters (Abaza 
2008). This information must be provided by technical experts and decision-makers in order 
to make quality decisions about sustainability-related challenges (Cash et al. 2003). These 
factors make knowledge-based approaches appropriate to building energy design problems, 
because numerical methods do not provide designers with a quick means to assess options, 
whereas analytical methods do not deal well with the multitude of variables inherent in these 
problems (Kalogirou 2009). Therefore a method that combines both types of information 
must be considered in developing an EPC contractor risk model.

A Priori EPC Retrofit Risk Framework Development
Hansen (2006) provided an outline of key risks that EPC contractors should be aware of when 
undertaking EPC retrofits, which was built from over three decades of experience. Using this 
outline as a base, an extensive literature review was conducted to further examine risks faced 
by EPC contractors when undertaking building retrofits. The net result of that review was the 
construction of an a priori risk framework that includes ten risk categories for EPC contrac-
tors to consider when undertaking building retrofits. Since the primary technical risk retained 
by EPC contractors is failure to achieve guaranteed performance, this framework can be con-
sidered a first step toward identifying critical risk factors for contractors undertaking EPC 
retrofits. These categories and the preliminary risk framework are depicted in Table 1. In order 
to refine this framework, elicitation of expertise from EPC contractor practitioners who have 
had significant roles in developing, designing, and executing EPC retrofits in the MUSH 
market was critical.

RESEARCH SCOPE AND OBJECTIVES
The scope of this research is the identification and prioritization of project-level risks associ-
ated with building retrofits delivered via EPC throughout the entire project life cycle. The 
work is premised on the notion that risks can best be controlled during the earliest project 
phases, when the costs of change are lowest and the potential impact of those changes is the 
greatest (Kmenta and Ishii 2000; Horsley et al. 2003; Kishk et al. 2003). As a result, an a 
priori assumption was made that risks related to project execution will have a relatively low 
priority, except in the context of their upstream effects on risks that occur in earlier project 
phases. Research objectives have been defined to support the achievement of the research goal, 
as described below.
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Objective 1: A Priori EPC Retrofit Risk Framework Development
Work performed as part of the first objective was directed at performing an exploratory analy-
sis of the EPC retrofit process and identifying key project-level risks requiring further analysis. 
This consisted of a comprehensive literature review and content analysis of key EPC project 
documents.

Objective 2: Expertise Elicitation Strategy
Tasks performed under this objective included development of an expertise recruitment and 
evaluation framework, creating of a multi-faceted protocol by which expertise would be elic-
ited from EPC contracting professionals with significant US project experience, and adminis-
tration of the principal elicitation instrument, a Delphi questionnaire.

Objective 3: Refined Risk Framework for EPC Building Retrofits
Work conducted as part of this objective consisted of analyzing data obtained through the 
Delphi questionnaire in Objective 2 in order to refine the literature-based a priori framework 

Table 1. A Priori Risk Framework for EPC Contractors Undertaking MUSH Market EPC Retrofit 
Projects.
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Table 1. Continued

developed in Objective 1. Analysis and refinement consisted of confirmation of identified 
risksioritization, and identification of risk causes and control measures.

Expertise Elicitation Strategy
EPC retrofit projects rely significantly on expert judgment and implicit knowledge to make 
decisions under conditions of uncertainty and risk, as a result this research is premised largely 
on qualitative information. A research method is needed that can capture the judgment of 
experts and resolve any apparent differences among expert opinions. The Delphi technique 
has been proposed as a useful research method for construction engineering and manage-
ment research that addresses limitations inherent in existing experimental techniques due to 
the complexity of the domain and the presence of biases among research subjects (Hallowell 
and Gambatese 2010). This method has been found to be particularly applicable when source 
agreement is desired through a refereed process to collect, aggregate, and organize expertise 
from potentially unique or divergent information sources (Pill 1971; Powell 2003; Yousuf 
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2007). Furthermore, Yousuf (2007) stated that an advantage of the method is its ability to 
collect such data when time, distance, and other logistical factors make it difficult for such an 
expert panel to be convened in a single in-person event. The use of Delphi contributes to a 
robust qualitative approach that provides accuracy and precision, minimizes participant bias, 
and accounts for expert judgement ((Rauch 1979; Hallowell and Gambatese 2010).

Participant selection is critical, as the success of a Delphi study depends largely on the 
expertise of the participants comprising the panel (Powell 2003). While there is generally 
disagreement about the optimal panel size (Keeney et al. 2006), Hallowell and Gambatese 
(2010) recommended Delphi panels consisting of 8-12 participants for construction engi-
neering and management research, so long as the panel is diverse and members are highly-
qualified within their domain. The identification and selection of panelists for this research 
utilized three purposive sampling methods identified by Teddlie and Yu (2007): (1) expert 
sampling, (2) snowball sampling, and (3) critical case sampling. Identification and selection 
of panelists was based on the guidelines presented by Hallowell and Gambatese (2010) for 
construction engineering and management and Duah (2014) for energy efficient retrofit. The 
guidelines used in this study included recruitment from industry associations, EPC contractor 
firms, and from among participants in previous expert-based studies. Nine determinants of 
expertise were employed in this research; potential panelists had to meet at least five of these 
qualifications to be included in the Delphi panel (Table 2). 

A scoring rubric based upon these same researchers’ efforts was developed in order to 
provide a relative measure of expertise among the panelists, provided in Table 2. While a 
threshold value of points was not used, as was the case with expert qualification categories, 
a goal was established that panelists would have a score of at least 4.5 points out of the 8.5 
points available for professional experience, registration, and education. 

Development of the refined risk framework utilized a two-round Delphi questionnaire 
to investigate consensus- and non-consensus- (e.g., knowledge construction) driven aspects of 
contractor risks in the EPC retrofit process. A variety of statistical parameters are commonly 
used in Delphi studies to indicate when consensus has been reached, and include percent 

Table 2. Scoring Rubric for Expert Determination.
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agreement, mean, median, standard deviation, and/or mode (Hasson et al. 2000; Hsu and 
Sanford 2007; Hallowell and Gambatese 2010). This study used percentage of agreement 
among panelists which is a commonly reported parameter. A predetermined percentage agree-
ment of 70% or more was used as an indicator of consensus (Duah 2014).

The questionnaire also included the ability to detect the difference between participants 
achieving consensus and achieving agreement. Evans (1997) questioned the working defini-
tion of consensus, as possibly meaning (1) views that are “acceptable” to all panelists, (2) the 
same view that is held by all panelists, and (3) the majority view. Keeney et al. (2006) explained 
that most studies opt to measure the extent to which participants reach agreement with one 
another, fundamentally ignoring whether the “correct” answer has been found or whether 
true consensus has been reached. To address this concern, several items in the questionnaire 
elicited expertise with regard to elements of the a priori risk framework. This enabled the 
researcher to capture panelists’ reactions to information obtained through the literature review 
and the preliminary expert interview and provided them the ability to add other risk-related 
information, as necessary. This approach deemphasized the need for panelists to merely agree 
with one another, and instead sought triangulation among multiple data sources represented 
in the preliminary risk framework and provided participants with the opportunity to contrib-
ute their expertise to the construction of reality represented by the decision Delphi questions.

Expertise Elicitation Strategy
Since the selection of knowledge elicitation techniques depends on characteristics of the 
domain and the experts under study, this research followed the framework for selection of elic-
itation techniques provided by Duah (2014) given the similarity between domains – energy 
efficiency retrofits – while making appropriate changes to reflect the differences between resi-
dential retrofits and MUSH market EPC retrofits. Based on Duah’s (2014) framework for 
selection of elicitation techniques, semi-structured interviews, job shadowing, and the Delphi 
technique were selected for constructing this framework. Semi-structured interviews were 
used to collect data from the Delphi panel. An open-ended interview was first conducted with 
a test panelist in order to clarify information gaps remaining after the literature review and to 
test the structure of the questionnaire which would be administered to the complete Delphi 
panel. Job shadowing of experienced EPC contractor and MUSH market energy management 
professionals was undertaken through observation of their early interactions when the IGA 
was being conceptualized, developed, and finalized, in order to gain insights about how the 
retrofit decision process occurs and the types of information used, as well as to gain experience 
with the risk-based decisions made by contractors during the earliest phases of EPC projects. 

Administration of Delphi Survey
Expertise was elicited from 19 EPC contractor professionals following the strategy described 
above. The panel was comprised of ten members from independent EPC contractors, seven 
members from manufacturer-based contractors, and two from utilities. Job duties and levels 
of panelists included business development managers, energy engineers, project managers, 
engineering managers, business practice group managers, and a vice president. A summary of 
their expertise attributes are provided in Table 3. Panelists responded to a two round Delphi 
questionnaire consisting questions about their organizations’ risk management processes. Even 
though constructing a representative industry sample was not the goal of participant recruit-
ment and selection activities, the panel was generally representative of the overall ownership 
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Table 3. Summary Expertise Attributes of Delphi Members.

share of the national EPC contractor market. Some minor observed variation between the 
study sample and EPC contractor population is present (equipment manufacturer-based firms 
were slightly underrepresented; utility company based- and independent contractors were 
slightly overrepresented), and likely attributable to the use of snowball sampling and expert 
sampling in constructing the panel (Sadler et al. 2010). 

The risk management process questions sought to elicit expertise about seven knowledge 
categories relative to the risk management process: (1) MUSH market-specific risks, (2) risk 
identification methods, (3) risk identification timing, (4) risk identification responsibility, (5) 
risk evaluation methods, (6) risk identification, and (7) identification of the most important 
risk categories. Consensus was a goal of four out of ten questions; the other six questions 
were intended to assist with knowledge construction, as reflected by the goals of the decision 
Delphi technique (Rauch 1979).

After the first Delphi round, consensus was achieved for three of the four consensus-
based questions (75%), as shown in Table 4. Consensus was not achieved for question 2b 
(new risks identified by panelists during the first round interviews). Additionally, while 
consensus was achieved on questions 2c (MUSH market-specific risk categories) and 3e 
(risk importance ranking), further detail was sought from panelists; further detail was also 
sought with regard to questions 3a (risk identification methods) and 3d (risk evaluation 
methods). A second Delphi round was conducted using an online survey platform to facili-
tate participant responses. As part of the second round, panelists were provided with their 
first round responses, as well as the consensus measures attained for each question through 
the first Delphi round. The second round resulted in achieving consensus for question 2b 
and attaining the additional information needed for questions 2c, 2d, 3a, and 3e; at that 
point, the Delphi process was terminated.

Refined EPC Risk Framework for Building Retrofits
The a priori risk framework was refined as a result of expertise elicitation and data analysis, as 
described above. Based on data collected from the Delphi panel, the a priori risk framework 
was refined in four ways: (1) identification of risk categories was confirmed, (2) risk categories 
and risks were modified, (3) risk causes and mitigation strategies were added, and (4) risk cat-
egory identification frequencies and relative risk importance scores were assessed and added. 
Additionally, panelists provided an assessment of the unique risks posed by MUSH market 
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Table 4. Summary of Part III Questions and Consensus Results.

Table 5. Refined Risk Framework for EPC Contractors Undertaking MUSH Market EPC Retrofit 
Projects

EPC retrofits, which is the dominant sector in performance contracting. The elicited expertise 
is provided in the following results and discussion section. The refined framework can also be 
viewed in its entirety in Table 5.
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Table 5. Continued
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Table 5. Continued

Important qualitative findings during data collection for the refined framework included 
EPC contracting firms’ near total reliance on experience in the risk management process, 
their general use of informal risk management methods, and their interest in including NEBs, 
despite their reluctance to monetize them due to perceived financial and performance risks. 
Much of the emphasis on risk identification and management was placed in the pre-construc-
tion phases, as change orders are typically unavailable once installation activities commence. 
Additionally, construction-related risks and longer-term risks, such as measurement and veri-
fication and operations and maintenance, are typically underemphasized and appeared to be 
addressed primarily through contractual means or via a “hedge” on the final project cost.

The importance of this refined framework to the EPC contracting industry is in its ability 
to quickly prioritize risk categories based upon their relative impact across all project phases. 
This is critical for such projects where contractor-initiated change orders are typically limited 
as the execution phase is entered. The framework also provides the ability to quickly identify 
potential risk causes and possible control measures that can be used for mitigation, in early, 
mid-project, or later phases of the life cycle.
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RESULTS AND DISCUSSION
Results obtained from the Delphi panel are provided in this section. The results are organized 
along the lines of the information categories used in developing the refined risk framework.

MUSH Market-Specific Risks 
Consensus was sought and obtained for this question in order to reject or confirm the asser-
tion that MUSH market projects carry additional risks and as such require the construction of 
a specific risk framework. Fourteen out of 17 Delphi panelists indicated that there are differ-
ences in the risk profiles between MUSH and non-MUSH segments; non-MUSH segments 
were defined as commercial and industrial (C&I) retrofits. Of those 14 panelists, 11 indicated 
that at least one or more MUSH sub-markets is riskier than C&I, (9 - all MUSH sub-markets; 
1 - correctional facilities only, 1 - hospitals only). Two other respondents indicated their belief 
that C&I projects are riskier in all cases. In the second Delphi round panelists were asked to 
identify which MUSH market facility types (correctional facilities, hospitals, K-12 schools, 
mission-critical facilities, and continuously operated facilities) had the greatest project risk 
profiles; response frequencies for each facility type were 10/15, 7/15, 2/15, 8/15, and 7/15, 
respectively. Additionally, just one out of 15 respondents believed that MUSH market facility 
EPC retrofits are no riskier than private sector EPC projects. 

Panelists provided an analysis of the sources of risk in the two MUSH market facility 
types with the greatest project risk profiles. Six unique sources of risk in correctional projects 
were identified. These included: (1) costs related to productivity loss due to security protocols, 
(2) health and safety protocols that override the ability to cycle HVAC equipment off during 
low utilization times, (3) project conflicts arising from the “militaristic structure” of correc-
tional agencies, (4) difficulties of scheduling and conducting work in a continuously-operated 
facility, (5) security concerns with installed ECMs and vandalism of equipment after installa-
tion, and (6) security level-dependent risks.

Differences Between A Priori and Refined Risk Frameworks
The significant changes made between the a priori and refined risk frameworks are detailed 
in the following sections. The insights gained in the refined framework reflect improvements 
to the risk management process by more clearly identifying risks, focusing management 
activities on the most critical risk factors, including mitigation strategies for identified risks. 
For example, the inclusion of risk causes and mitigation strategies in the refined framework 
enables a clearer focus on the sources and management of each risk. 

Risk Identification
Consensus was sought, and obtained in the first Delphi round with regard to the risk 

categories included in the a priori risk framework (Table 1). The first category, Customer 
Prequalification, was subdivided into three related risk categories: (1) Financial Factors, (2) 
Facility/Technical Factors, and (3) People Factors. Panelists were asked the frequency with 
which they consider each risk category in their MUSH market EPC retrofit projects, using a 
seven-point Likert-type scale (Vagias 2006), which utilized the following response categories: 
(1) 100% - Every Time, (2) ~90% - Usually, (3) ~70% - Frequently, (4) ~50% - Sometimes, 
(5) ~30% - Occasionally, (6) <10% - Rarely, and (7) 0% - Never. Positive risk identification 
was denoted when a panelist indicated that they considered the risk in categories one through 
six. Consideration was defined as addressing a risk category through contractual means (e.g., 
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inclusion of an energy rate escalation term), via technical means (e.g., conduct a peer review 
of energy model results), through project management (e.g., specific team member assigned 
to coordinate activities among planning, engineering, and execution groups), or by financial 
means (e.g., include a “hedge” factor to account for potential uncertainty). Sixty-six indi-
vidual risks were identified as belonging to these risk categories. Achieving consensus also 
confirmed the selection and identification of the risk categories from the a priori framework. 
The distribution of risk identification responses is shown in Figure 1. 

Modification of Risk Categories and Risks 
Panelists were afforded the opportunity to add additional risk categories that did not 

appear in the a priori framework; 11 additional risk categories were identified. Analysis of 
transcripts and a summative review of each of the newly-identified risk categories resulted in 
10 being classified as individual risks belonging to existing risk categories; one was retained as 
a new risk category – “Perception of the Performance Contracting Industry.”

Since consensus could not be achieved in the first Delphi round for the newly identified 
risk category or the newly identified risks, during the second Delphi round, panelists were 
asked to rate their consideration frequency of the new risk category and for their concurrence 
with the other ten risks. Consensus was achieved for the inclusion of the new risk category, 
with 100% agreement (15/15 respondents) during the second round. Consensus was also 
achieved for eight of the ten risks identified by panelists. Design development (67%) and 
safety (60%) did not meet the threshold value for participant agreement (70%), and were thus 
excluded from further analysis

Figure 1. Range and Distribution of Risk Consideration Frequency.
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Identification of Risk Causes and Mitigation Strategies 
Expertise was elicited from panelists with regard to causes of and control measures used 

for energy audit quality-related risks and equipment selection and installation- related risks. 
Achieving consensus among panelists was not a goal for the two knowledge categories address-
ing individual risks (e.g., risk causes) and their associated control measures (e.g., mitigation 
strategies) because the intent was to fully-describe the risk-based decision making process 
with regard to the top two identified risk categories. Since risk causes and mitigation strate-
gies would be subject to review by SFMEA panelists as part of the risk scenario construction 
process, assessing the validity of the knowledge constructed by Delphi panelists was possible.

It is worth noting that examples exist of potential mitigation measures that were not 
addressed by panelists. For example, risks related to inaccurate baselines could be addressed 
contractually via a pre-determined agreement on baseline adjustments during the project’s life 
cycle. Similarly, improperly-performed O&M by the owner could be addressed contractu-
ally, through required minimum standards, or via a follow-on O&M performance contract 
from the EPC contractor. If adequate controls have been installed, continuous commissioning 
may be employed to minimize the impact of human activity that is inconsistent with energy 
retrofit program goals. While these are routinely-recognized control and mitigation strate-
gies, because panelists did not identify them, they have not been presented as part of the data 
analysis in Table 5.

Identification of Most Important Risk Categories
Delphi panelists were asked to identify the most important risk categories among those 

presented to them during the interview. The purpose of this review was to identify the risk cat-
egories that would be subject to further analysis and evaluation in later phases of this research. 
Consensus was sought on this question, and panelists were asked to assign a de-facto risk 

Figure 2. Pareto Histogram of Relative Importance Scores for Risk Categories .
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importance score rank by identifying the three risk categories that they believed to have the 
greatest contribution to failing to meet guaranteed performance. A Pareto histogram of the 
relative importance scores for each risk category is provided in Figure 2. 

From the Pareto histogram, six risk categories were identified and ranked in the upper 
two quartiles for risk importance scores: (1) energy audit quality, (2) project development, 
(3) ECM selection and installation, (4) construction-specific concerns, (5) commissioning, 
and (6) measurement and verification (M&V). Risk consideration frequencies were reviewed 
for these six risk categories, and they were ranked again. The results of ranking using quartile 
analysis/Pareto histogram of risk importance scoring and ranking due to risk consideration 
frequencies are shown in Table 6. During the second Delphi round, panelists were asked to 
rank each of the six risk categories from 1 (most important) to 6 (least important). Results are 
shown in the rightmost column of Table 6. Consensus was achieved if two of the three ranking 
measures had rank order agreement for a given risk category. By that measure, four risk cate-
gories achieved consensus (energy audit quality, ECM selection and installation, commission-
ing, and M&V), while two did not (construction specific concerns and project development).

Risk Categories by Project Phase
Over the course of a typical EPC retrofit project with a 12-15 year performance period, 

decisions regarding the project design are made during the earliest parts of the project life 
cycle. Since EPC retrofits generally contain little to no opportunity for contractor-driven 
change orders once construction begins, there is limited opportunity for cost recovery once the 
performance contract is signed. As a result, it is posited that performance risks are generally 
greater during the latter phases of the project, after the energy savings guarantee is signed. The 
most important risk management actions would likely take place during the earliest project 
phases, when decisions are made that have long-term impacts on project performance and can 
effectively mitigate risk by including them in the project’s pro forma before the energy savings 
guarantee is signed. 

Based on elicited expertise related to the knowledge categories pertaining to risk identifi-
cation and risk importance scoring, each risk category was assigned to the project phases where 
their attendant risks are realized, and a mean risk importance score was recorded. Project life 
cycle phase assignments and risk importance scores are provided in Table 7. As expected, the 
risk importance score is highest in the earlier phases, since decisions made here have lasting 

Table 6. Risk Importance Ranking from Delphi Panel Data.
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impact over the length of the performance contract; this corresponds to the time when the 
cost of changes is the lowest and the ability to influence project performance is the greatest.

CONCLUSIONS AND FUTURE RESEARCH
This paper introduced the need for a risk framework for contractors undertaking EPC retrofit 
projects, particularly in MUSH market buildings. The framework expanded the earlier work 
of Hansen (2006) through the elicitation of expertise from EPC contracting experts utiliz-
ing a two-round Delphi questionnaire, following guidance from Duah (2014) and Hallowell 
and Gambatese (2010). The questionnaire focused on risk identification as well as a priori-
tization of risk categories, risk causes, and potential mitigation strategies. Panelists reached 
consensus on identifying the most important risk categories, which were given as energy 
audit quality, ECM selection and installation, commissioning, and M&V. Additionally, risks 
occurring during earlier project phases received higher importance scores, as did those taking 
place during project execution (retrofit construction). These findings underlie the need to 
adequately plan for and manage EPC project risks early in the project, when changes to the 
scope of work and energy savings guarantee-related measures are generally still allowed. 

This framework serves as a preliminary step to a complete risk management scheme for 
better understanding project-level risks faced by EPC contractors when undertaking EPC ret-
rofits. After identification and classification, risks must be analyzed and evaluated with plan-
ning included for risk mitigation and/or allocation (Edwards and Bowen 1998). In a broad 
sense, this paper contributes to improved project performance throughout the green buildings 
sector. Energy efficiency is a significant aspect of green building performance measures and 
ratings, making additional project management tools to support the effective mitigation of 
energy efficiency-related project risks an important part of this building sector.

Table 7. Risk Category Importance by Project Phase.
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The work in this paper points to the need for additional research that should focus on 
development of the risk evaluation and analysis framework into a model-based system that 
enables the incorporation of expert knowledge and quantitative data in the assessment and 
analysis of specific project-level risk factors for EPC contractors undertaking building retrofit 
projects. Such a system will ultimately improve the understanding of long-term project risks 
in early phases, when planning and control activities can be better planned, thereby leading to 
enhanced outcomes for such projects.
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