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Abstract
Purpose – This article aims to establish a dynamic Energy Performance Contract (EPC) risk allocation
model for commercial buildings based on the theory of Incomplete Contract. The purpose is to fill the policy
vacuum and allow stakeholders to manage risks in energy conservation management by EPCs to better adapt
to climate change in the building sector.
Design/methodology/approach – The article chooses a qualitative research approach to depict the
whole risk allocation picture of EPC projects and establish a dynamic EPC risk allocation model for
commercial buildings in China. It starts with a comprehensive literature review on risks of EPCs. By
modifying the theory of Incomplete Contract and adopting the so-called bow-tie model, a theoretical
EPC risk allocation model is developed and verified by interview results. By discussing its application
in the commercial building sector in China, an operational EPC three-stage risk allocation model is
developed.
Findings – This study points out the contract incompleteness of the risk allocation for EPC projects and
offered an operational method to guide practice. The reasonable risk allocation between building owners and
Energy Service Companies can realize their bilateral targets on commercial building energy-saving benefits,
which makes EPCmore attractive for energy conservation.
Originality/value – Existing research focused mainly on static risk allocation. Less research was
directed to the phased and dynamic risk allocation. This study developed a theoretical three-stage
EPC risk allocation model, which provided the theoretical support for dynamic EPC risk allocation of
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EPC projects. By addressing the contract incompleteness of the risk allocation, an operational
method is developed. This is a new approach to allocate risks for EPC projects in a dynamic and
staged way.

Keywords Energy performance contract, Dynamic risk allocation, Incomplete contract,
Energy efficiency retrofit, Commercial buildings, Energy conservation and management

Paper type Research paper

Abbreviation Explanation
AEPCA = Australasian Energy Performance Contracting Association;
BEER = Building energy efficiency retrofit;
C = Consequence;
CABEE = China Association of Building Energy Efficiency;
CSTID = Center of Science and Technology and Industrialization Development;
DECCUK = Department of Energy and Climate Change of UK;
EPC = Energy Performance Contract;
ESCO = Energy Service Company;
HVAC = Heating, Ventilation and Air Conditioning;
ICF = ICF (Inner City Fund) International National Association of Energy Services Companies;
IE = Intermediate Event;
MOF = Ministry of Finance;
MOHURD =Ministry of Housing and Urban-Rural Development;
M&V =Measurement and Verification;
NDRC = National Development and Reform Commission;
PE = Primary Event;
PPP = Public–Private Partnership;
R = Risk;
RLS = Risk Liability Subject;
RPM = Risk Preventive Measure;
RRM = Risk Remedial Measure;
RS = Risk Source;
SB = Safety Barriers; and
TE = Top Event.

1. Introduction
1.1 Research background
Climate change is one of the biggest environmental issues in the world, which leads to more
extreme weather [United Nations Framework Convention on Climate Change (UNFCCC),
2021]. To keep indoor thermal comforts, more energy is consumed by heating during
winters and cooling during summers (Ren et al., 2011). Building energy consumption in
China accounted for approximately 37% of total national energy consumption in 2018
[Building Energy Conservation Research Center, Tsinghua University (THUBECRC), 2020].
In particular, commercial buildings account for the most (Ma et al., 2017). Climate adaptation
can be implemented by increasing buildings’ adaptive capacity, which is represented by
their enhanced energy performance to reduce the growing energy demand as a result of
climate change (Ren et al., 2011). Building energy efficiency retrofit (BEER) provides an
effective way to reduce energy consumption through certain improvements and make
buildings more adaptable to extreme warm/cold days, although it is traditionally taken as a
mitigation measure (Goldman et al., 2012). This also increases the adaptive capacity of an
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energy supply system. Implementing BEER requires professional design and technologies
and substantial capital investment. The Energy Performance Contract (EPC) is a highly
recommended market mechanism for delivering BEER [National Development and Reform
Commission (NDRC), 2016; Ministry of Housing and Urban-Rural Development(MOHURD)
andMinistry of Finance (MOF), 2017].

EPC is a turnkey service to improve building energy efficiency. EPC as a contract can
provide a contractually agreed level of energy-efficiency measures and improvements for
the buildings, guaranteed energy savings and energy-saving benefits [Department of
Energy and Climate Change of UK (DECCUK), 2014]. Energy Service Companies (ESCOs)
provide a set of services of BEER to building owners including energy audit, project design,
financing, equipment installation and maintenance [International National Association of
Energy Services Companies, (ICF Inner City Fund), 2007]. The energy-saving benefits can
pay for the cost of the retrofit, and anything leftover can be shared between the ESCOs and
building owners. EPC is an innovative form of contract because the payment of EPC projects
is based on the actual energy savings to ensure the performance of energy efficiency
[Australasian Energy Performance Contracting Association (AEPCA), 2000; Bertoldi et al.,
2006]. Based on the performance guarantees given by ESCO, technical risks can transfer
from the owner to the ESCO (Bertoldi et al., 2006). There are three typical EPC business
models: Shared Savings Model, Guaranteed Savings Model and Energy-Cost Trust Model
(Hopper et al., 2005; Shang et al., 2017). The major differences between these three models
concern mainly who pays the BEER, how to operate the project and who takes particular
risks (Bertoldi et al., 2006). The business model of EPC defines the responsibilities of
building owners and ESCOs in the implementation of EPC projects and offers a way of risk
sharing in an EPC project (Pätäri and Sinkkonen, 2014).

EPC has been demonstrated to improve building energy efficiency and promote the
building retrofit market greatly (Zhou et al., 2020). In spite of expectations, under changing
economic and market conditions, climate change and unscheduled and inappropriate use of
buildings, energy-saving benefits of EPCs may have been affected (Lee et al., 2018; Zhang
et al., 2018). Therefore, EPC projects are considered to be a high-risk investment (Garbuzova-
Schlifter andMadlener, 2016).

The unique partnership between ESCOs and building owners in EPCs asks for the
bilateral target on energy-saving benefits (Martiniello et al., 2020). Only mitigating risks of
energy efficiency from a technical perspective as traditional BEER projects do is not enough
to reach the goal of EPC projects. Badi and Pryke (2016) examined that clear, fair and
acceptable risk allocation has a positive impact on energy-efficiency projects. Therefore, it is
important to develop a reasonable risk allocation mechanism to incentivize contracting
parties reaching their bilateral energy-saving target and further make up the gap that EPCs
implemented in practice. Risk allocation in this research means allocating responsibilities
and sharing benefits and consequences of risks of EPCs.

1.2 Research gap
Zhou et al. (2020) stated that business innovations may ensure the EPC market’s sustainable
development. In practice, applying EPCs in the sector of commercial buildings is hard to be
guided only by the “Implementation Guidelines” and “Contract Sample Format” introduced
by Center of Science and Technology and Industrialization Development, Ministry of
Housing and Urban-Rural Development (CSTID) and China Association of Building Energy
Efficiency (CABEE), 2014a, and Center of Science and Technology and Industrialization
Development, Ministry of Housing and Urban-Rural Development (CSTID) and China
Association of Building Energy Efficiency (CABEE), 2014b. These two documents only
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offered a general process of conducting EPC projects but are lacking the details about how
to choose an appropriate EPC business model, how to design the contract period and share
energy-saving benefits between contracting parties. Although both documents mentioned
the risks of conducting EPC projects, a practical risk management scheme is still absent.
Therefore, stakeholders need more practical decision supports to guide them using EPCs.
Addressing this issue, appropriate risk allocation with contracting parties can improve EPC
project performance by negotiating and setting contract clauses regarding unforeseen
scenarios (Zhang et al., 2018). However, existing research has focused mainly on static risk
allocation. Lee et al. (2015) discussed factors affecting risk allocation in EPC projects.
However, they did not provide a clear picture of how to allocate these risks based on these
factors. The mainstream of scholars focuses on allocating EPC risks one-off by distributing
energy-saving benefits through initial contract design (Shang et al., 2020; Martiniello et al.,
2020). Rubinstein’s bargaining model and Shapley value are used to allocate benefits of
energy savings in shared savings EPC projects (Shang et al., 2015; Li, 2019). Some scholars
have observed that risk allocation can be assessed after the bidding stages and should be
taken into consideration at the contract execution stage (DeMarco et al., 2016).

Less research has been directed to the phased and dynamic risk allocation to discuss the
risk allocation during the whole implementation process of the projects. Compared to the
static risk allocation model, the dynamic risk allocation model offers the contracting parties
a chance to reallocate risks by considering the new risks and their cooperation performance. The
existing risk management research mainly focuses on construction projects, less on energy-
efficiency projects. Wang et al. (2004) developed a qualitative risk management framework for
international construction projects. Further, the complexity of the EPC implementation process
and uncertainties makes EPC challenging to be fully specified. The incomplete contract
characteristics lead to increased risk exposure for all contracting parties. As a result, some
questions remain unanswered.

Q1. How do the building owners and the ESCOs respond to the risks?

Q2. How do they allocate the risks between them?

Q3. Why and how is a particular risk transferred from one stakeholder to the other?

Assessing these issues is important to the success of the EPC projects.

1.3 Research design
This article aims to establish a dynamic EPC risk allocation model for commercial buildings
based on the theory of Incomplete Contract. Although there are many stakeholders involved
in an EPC project, the focus of this article is on two groups of stakeholders only: building
owners and ESCOs as they are the two key contracting parties of an EPC project.

The article chooses a qualitative research approach to depict the whole risk allocation
picture of EPC projects in commercial buildings in China. Section 2 discusses the literature
on the current EPC risks observed in commercial buildings. Section 3 analyses the relevant
aspects of the Incomplete Contract Theory, and the theory is applied to develop a conceptual
risk allocation model. Section 4 elaborates on using the so-called bow-tie model to develop a
theoretical EPC risk allocation model. Section 5 uses interview results to elaborate on the
validity of the theoretical model and its application in the commercial building sector in
China. As a result, an EPC three-stage risk allocation model for commercial buildings is
developed. Section 6 summarizes the main findings of this research, a follow-up study and
policy implementation. The research design process is shown in Figure 1.
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2. The risks of EPC
A bulk of research focuses on EPC risks. Mills et al. (2006) identified the risks of
energy-efficiency projects and classified them into five categories as economic,
contextual, technological, operational, and measurement and verification risks. Then
they grouped these categories into intrinsic and extrinsic factors based on how the
respective risks arise. Focusing on the Chinese EPC market, Hu and Zhou (2011)
identified seven main risks of EPC projects as political and legal, market, technology,
management, financial, project quality and client. Lee et al. (2015) analysed the causes
and consequences of risks of EPCs and clarified them into new seven categories of
risk: economic, financial, project design, installation, technology, operational and
measurement and verification. Based on their research, the risks of EPC projects are
summarized in two groups: external and internal.

2.1 External risks
The external risks refer to the risks that come from the outside of projects and are
hard to avoid when they happen, including political, market and economic risks.
Policy orientation (e.g. tax exemptions and subsidies for EPCs) will influence the
decisions of ESCOs and building owners, which lead to changes in their energy-
saving strategies and may create financial risks for ESCOs (Wang and Sun, 2012;
Garbuzova-Schlifter and Madlener, 2016; Zhou et al., 2020). Market risks are caused
by uncertainties in the market and may be classified by three aspects: market
demand, industry competition and new market mode. Market risks have a great
impact on the EPC market scale and the uptake of EPCs (Garbuzova-Schlifter and
Madlener, 2016; Hu and Zhou, 2011). Economic risks are the possible economic losses
that may result from variations in construction cost, interest rate, exchange rate or
fuel costs (Mills et al., 2006; Wang and Chen, 2008; Wang and Sun, 2012; Lee et al.,
2015; Garbuzova-Schlifter and Madlener, 2016; Zhang et al., 2018). Those economic
risks will significantly impact the profitability of EPC projects (Bannai et al., 2007).
Sometimes, economic risks can be changed into market risks due to the influence of
price on demand.

Figure 1.
Research design

process
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2.2 Internal Risks
The internal risks refer to the risks that occur within the projects and are more measurable
and controllable, including financial, project design, contract, construction, maintenance and
measurement and verification (M&V) risk.

2.2.1 Financial risk. Financial risks appear in two contexts: the increased financial costs
caused by economic risks and the payment default problem caused by inaccurate estimation of
energy savings (Lee et al., 2015). Tools like M&V and Investment Grade Audit are demonstrated
helpful to mitigate this type of risk by considering the operational discrepancies and energy
simulated with calibration with field data (Bertoldi and Kromer, 2006; Schubert et al., 2021).
Energy-efficiency/performance insurances could mitigate financial risks for ESCOs by
transferring risks to insurance companies but in the current stage, a fair premium needs to be
discussed further (Bertoldi and Boza-Kiss, 2017; NOVICE, 2020; Koutsandreas et al., 2022; Töppel
andTränkler, 2019; Bonacina et al., 2015).

2.2.2 Project design risk. The discrepancies between the expected and actual energy
savings can lead to the failure of an EPC project (Yik and Lee, 2004). Project design risk is
caused by two factors: insufficient information on the facility and inappropriate design.
Estimating energy savings will become inaccurate when operational data are poor (Mills
et al., 2006; Garbuzova-Schlifter and Madlener, 2016; Borgstein et al., 2018). Building energy
simulation models are widely used to estimate the average energy consumption of a
building; however, they only provide approximate figures with significant discrepancies
(Faggianelli et al., 2017). To better address this issue, a proper measurement strategy (M&V)
could help to quantify and evaluate energy savings and energy baseline (Bertoldi and
Kromer, 2006; Bertoldi and Kromer, 2005; Bertoldi and Boza-Kiss, 2017). Meanwhile, an
energy audit has been demonstrated as a useful tool to mitigate project design risk by
collecting a bulk of building energy information (Borgstein et al., 2018). However, additional
efforts need to be undertaken to define the informational requirements of the buildings to
conduct more accurate audits (Long et al., 2021).

2.2.3 Contract risk. Contract risk refers to the potential for an incomplete or
inappropriate contract (Hu and Zhou, 2011). An incomplete contract means that a contract
does not include all possible risks in advance of undertaking an EPC project. Inappropriate
contracts are contracts that cannot be implemented or have difficulties to be executed (Wang
and Po, 2007; Wang and Sun, 2012). There is no explicit risk pricing for an EPC project; thus,
the initial risk allocation between an owner and an ESCO cannot be set in the contract
precisely (Garbuzova-Schlifter andMadlener, 2017). A lack of risk-sharing strategy has been
identified as a risk factor towards the contract (Koutsandreas et al., 2022). Detailed
responsibilities and risk-sharing mechanisms are demonstrated as a useful way to mitigate
contract risk (Hu and Zhou, 2011).

2.2.4 Construction risk. EPC projects often involve the replacement of existing equipment
with new equipment. Due to time constraints, projects may not be completed within the
specified time frame (Waltz, 2003). The project delay may lead to a shortfall in energy savings.
Meanwhile, inaccurate sizing, improper operation of equipment and unexpected deterioration
are the triggers for construction risks (Waltz, 2003; Mills et al., 2006; Garbuzova-Schlifter and
Madlener, 2016).

2.2.5 Maintenance risk. Maintenance risks refer to inappropriate operations and
management of EPC projects (Hu and Zhou, 2011; Wang and Sun, 2012). There are a lot of
variations in energy savings as a result of changes in the original operation schedule and
management strategies (Hu and Zhou, 2011; Shi et al., 2012), like degradation of equipment,
faulty operation, frequent breakdowns and unexpected consumption patterns. ESCOs would
not be liable for a shortfall in energy savings when building owners do not operate the system
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in accordance with the agreed control strategy and procedures (Wang and Sun, 2012; Lam and
Lee, 2014; Lee et al., 2015).

2.2.6 Measurement and verification risk. M&V risk includes modelling errors, poor data
quality for M&V works, and measuring imprecision (Waltz, 2003; Mills et al., 2006; Daly et al.,
2014). After retrofits, ESCOs and owners may have different opinions on the measurement
methods, leading to project failure (Wang and Chen, 2008). Bertoldi and Boza-Kiss (2017)
demonstrated that unstandardized M&V triggers the problem of lacking trust. These risks are
intrinsic and can be better managed by model validation, proper measuring and
implementation of recommended M&V plans (Lee et al., 2015). Koutsandreas et al. (2022)
summarized the potential risk mitigation measures for M&V risks are standardized M&V
processes, careful negotiation of themeasurement method and rules behindM&V.

3. Theoretical foundation
3.1 Incomplete contract theory
3.1.1 Incomplete contract. Complete contract sets out the rights and obligations of
contracting parties, the performance of the contract and the final result to be achieved. It
assumes that there is no uncertainty and asymmetric information in the contracts (Hart,
1989). However, there is no actual complete contract in reality because contracting parties
are unable to describe accurately certain events before the fact, or some clauses in the
contract cannot be enforceable in the future. Incomplete contract theory stresses that
complete contract sets are hard to achieve and contracts tend to be incomplete (Bolton and
Dewatripont, 2005).

Williamson (1985) stated that market relationships are problematic since they require
relation-specific investment taking place in a complex environment. An optimal contract
should be a dynamic one and focusing on an ongoing relation instead of a static relation.
The incompleteness should be dealt with through renegotiation or legal intervention (Bolton
and Dewatripont, 2005). Therefore, contractual arrangements are not only in the potential
completeness of contractual clauses but also in the implementation of the contract and the ex
post support system. Seen from a time perspective an incomplete contract makes a division
between the initial contract and contract renegotiation (Bolton and Dewatripont, 2005;
Chung, 1991).

3.1.2 Risk allocation in the incomplete contract. Risk allocation is the process of dividing
and distributing the responsibilities according to a particular risk under various assumptions
(Uff and Odams, 1995). Risk allocation is one of the most important components of the contract
design and has the same dynamic characteristic as contracts (Zhao and Yin, 2011). A trade-off
between ex ante effort choices and ex post decision rights exists in an incomplete contract
(Chung, 1991). Different risk allocation strategies are different trade-off choices (Jin and Doloi,
2008). The non-contractible risks should be allocated through the ex post renegotiation based on
the now-verified efforts.

As previously discussed, the suspended trading characteristics of EPC projects (unstable
energy-saving benefits in the future act as contract price) lead to a certain of uncertainties.
There are a lot of risks inherent both within the particular EPC project and in the external
environment. It is hard to anticipate each risk when the contract is executed and regulate all
the contracting parties’ responsibilities of each risk in the initial contract. The EPC is
inevitably an incomplete contract. Thus, the risk allocation of EPC projects should be under
a flexible mechanism between ex ante effort and ex post decision to adapt to the dynamic
adjustment in the projects’ execution. In this way, the incomplete contract will be optimized
to the greatest extent.
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3.2 Basic conceptual model
According to the analysis of the Incomplete Contract Theory, the incompleteness can be
dealt with by setting an initial contract and renegotiating it. The basic sequence of
contractingmoves can be illustrated in Figure 2 (Chung, 1991).

The contract is designed at the initial Date 0. The initial contract regulates the class of
feasible contracts and sets that the seller should transfer the goods to the buyer on Date 2.
Specific investments are made independently and shortly after signing the contract, but before
uncertainties w are realized. It is also assumed that the contracting parties can observe the
uncertainties w that happens on Date 1. The contracting parties need to define some revision
rules or negotiation options to determine a new allocation and allocate the surplus from the
revision.

Based on the ideas of the Incomplete Contract theory, risk allocation can be divided into
initial risk allocation and subsequent risk reallocation. The initial risk allocation and risk
reallocation can be developed through the contract design and are complementary to each
other. The basic conceptual model of risk allocation in an incomplete contract is shown in
Figure 3.

4. Theoretical dynamic EPC risk allocation model
4.1 EPC risk allocation process
The general EPC process includes a tender phase (or bidding stage), contracting phase and EPC
implementation phase (or contract execution stage) (Guo, 2016; Huang, 2016; DeMarco et al., 2016).

Figure 2.
Basic sequence of
contract moves
[adopted from Chung
(1991)]

Figure 3.
Basic conceptual
model
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Furthermore, these phases can be further divided into six stages: project identification, determine
transaction parties, project design, contract negotiation, project implementation and management
and project transfer (Xu et al., 2011) (see Figure 4).

Based on the principles of risk allocation in an incomplete contract, the EPC risk allocation
should be designed through the general EPC process from the contracting phase to the
implementation phase. According to the detailed stages of EPCs, the EPC risk allocation process
can be classified as the initial risk distribution stage, overall risk allocation stage, risk reallocation
stage, corresponding to project design, contract negotiation and project implementation and
management based on the contracting time sequence stated previously. The EPC risk allocation
process is shown in Figure 5.

Firstly, initial risk distribution happens at the stage of project design. EPC projects spend
substantial time investigating the current building energy consumption status at the project
design stage. Therefore, it is the best time to consider risks and possible risk distribution
strategies as defining rights and obligations. This is the preliminary work of risk allocation.
When risks are identified, the overall risk allocation can be designed in the stage of contract

Figure 4.
General EPC process

Figure 5.
EPC risk allocation

process
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negotiations, which can be achieved by setting benefit and consequence sharing strategies.
Risk reallocation may be conducted during the EPC execution as often unforeseen risks
materialize during implementation.

4.2 Bow-tie model
The bow-tie model is a graphical tool used to illustrate an accident scenario, starting from
accident causes and ending with its consequences (Khakzad et al., 2012). It shows a complete
accident scenario and describes the logical relationship among the components of a risk
scenario (Khakzad et al., 2012). The general bow-tie model is composed of a fault tree and an
event tree and centred on a critical event that represents a threat, as shown in Figure 6
(Khakzad et al., 2012).

The fault tree on the left side identifies the possible events causing the critical event (or
top event), and an event tree on the right side shows the possible consequences of the critical
event based on the failure or success of safety barriers. PE, IE and TE are primary,
intermediate and top event, respectively. In addition, SB and C stand for safety barriers and
consequences.

This article modified the general bow-tie model to analyse the EPC risks to develop a
dynamic model of EPC risk allocation. The purpose is to establish:

� Which contracting party is responsible for a particular risk;
� Which type of risks can be allocated and reallocated between contracting parties;

and
� How to allocate the EPC risks following the risk allocation process.

The risk subjects, risk preventive measures and risk remedial measures are added to the general
bow-tie model. The intermediate event and safety barrier are reduced to show the simple
relationship between the primary event (risk), the event and the consequence. Themodified bow-tie
model is shown in Figure 7.

In the modified bow-tie model, RLS, RS, RPM and R stand for risk liability subject, risk
source, risk preventive measure and risk, respectively. In addition, RRM and C stand for risk
remedial measure and consequence. The model assumes the critical event k has m risks
related to risk subjects who are responsible for the corresponding risk. Each risk can be
dealt with a risk preventive/mitigation measure; thus, there arem risk preventive measures
in total. The critical event can lead to n consequences, and each consequence can be dealt
with a risk remedial measure.

Figure 6.
General bow-tie
model [adopted from
Khakzad et al. (2012)]
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4.3 The development of a theoretical three-stage EPC risk allocation model
EPC risk allocation should follow the two main principles of general risk allocation: (1) risk
allocation principles should be accepted by all contracting parties; (2) the contracting parties
should deal with the risks they have the abilities to control, and benefits obtained should
match liabilities (Ke et al., 2008; Iyer et al., 2020). Considering the characteristics of EPC
projects, the risk allocation not only includes allocating responsibilities of risks but also
sharing the consequences and benefits of the project by EPC business model selection,
energy-saving benefit sharing and risk reallocation strategies.

Based on the previous theoretical analysis, the risk allocation of the EPC project should
consider its staged and dynamic characteristics. By modifying the basic incomplete contract
conceptual model, the process of risk allocation can be divided into three stages:

(1) initial risk distribution;
(2) overall risk allocation; and
(3) risk reallocation.

The theoretical dynamic three-stage risk allocation model for the EPC project is developed
by the modified bow-tie model shown in Figure 8.

4.3.1 Initial risk distribution. The initial risk allocation is a risk distribution process that
includes identifying and estimating all foreseeable EPC risks in the project design stage.
The after-risk distribution strategies should be based on the EPC business model selection.

Risk bearers can be confirmed accordingly. The risk bearers can be divided into four
categories: building owners, ESCOs, shared building owners and ESCOs, and undecided.
The risk bearers should take their responsibilities accurately, monitoring and managing
these risks in the following stages.

4.3.2 Overall risk allocation. Overall risk allocation is in the stage of contract negotiation.
In this stage, the identified potential risks can be allocated by setting the contract clauses with
feasible incentives of energy-saving benefit sharing, the contract period and the rules for risk
reallocation in the future. These strategies should be based on the selected business model. The
target is to develop an overall risk management and sharing plan to incentivize the
stakeholders. There are several rules that should be set in the contract clauses. Firstly, the risks
that are difficult to obtain sufficient information to determine the probability of occurrence or
extent of loss, should be dealt with in the reallocation stage. Secondly, a propping mechanism
should be established to allocate risks that are not allocated in this stage.

4.3.3 Risk reallocation. Risk reallocation is the process of adjusting and redistributing
new and uncertain risks in the stage of EPC project implementation and management.
Adjustment or supplement that follow the external risks change and/or some unforeseen

Figure 7.
Modified bow-tie

model
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maintenance issues happen to deal with the dynamic and phrasal characteristics of EPC
risks. It aims at energy-saving benefits reallocation and contract period adjustment, which
are achieved through contract clauses’ adjustment or supplementary contracts. The risk
tracking and reallocation is a dynamic repetitive process of the previous first two stages.

5. EPC risk allocation model for commercial buildings in China
The theoretical model developed in Section 4 was sent to potential interviewees to validate
its practicability. This section will analyse the interview results and discuss the application
of the model in the sector of commercial buildings in China. At last, a detailed three-stage
EPC risk allocation is developed.

5.1 Data collection
To analyse the practical relevance and application of the EPC risk allocation model in a real-
world scenario, this article adopted qualitative interviews to verify the model according to
the approach of business process model analysis (Becker et al., 2013). Because interviews
can provide a deeper understanding of applying the model than purely quantitative methods
(Gill et al., 2008). Coskun-Setirek and Tanrikulu (2021) developed a process model for digital
innovations-driven business regeneration based on literature and semi-structured
interviews. Ebrahimigharehbaghi et al. (2022) developed a sustainable business model of
affordable zero-energy houses and the model and the role of different institutional contexts
applied in the model are explored through semi-structured interviews. Given that the
proposed theoretical model related to constructs that are hard to evaluate quantitatively,
using opinion-based data seemed appropriate (Ameyaw and Chan, 2015). Semi-structured
face-to-face interviews were conducted with key representatives who have professional
knowledge of EPCs in commercial buildings. The data sample included building owners of
commercial buildings, ESCOs and independent EPC experts. Independent EPC experts are

Figure 8.
Theoretical three-
stage EPC risk
allocation model
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people who have professional knowledge or work experience of EPC and work either in an
academy or industry. The opinions from independent EPC experts were assessed to
understand the EPC risks and key parts of EPC risk allocation. The interviews with building
owners and ESCOs were based on the real EPC cases they had joined before and discussed
the application of the model in an empirical context.

The contact details of building owners and ESCOs were obtained from pilot EPC projects
published online. Industry contacts facilitated the initial interviews with further data
collecting using a “snowball sampling” strategy, with the sample size reaching saturation
point at 22 interviews (Francis et al., 2010; Johnston and Sabin, 2010).

During the interviews, the questions asked focused on the existing EPC market, risks,
causes of the risks, the way to avoid risks, possible measures to improve the uptake of EPCs,
application of the proposed risk allocation model etc. There are seven building owners, eight
ESCOs from both large- and small-scale businesses and seven independent experts. All
interviews were conducted from October to November 2019 across seven cities in China
(Chongqing, Beijing, Tianjin, Shanghai, Chengdu, Lanzhou and Xian). The average interview
lasted approximately 45–60min. The profile of the interviewees is shown in Table 1.

5.2 Data analysis
5.2.1 Initial risk distribution. All the interviewees believe that it is necessary to show a clear
picture of the potential risks at the very beginning of the EPC projects. In the literature
review, nine EPC risks have been identified (Section 2 above). From the interview results,
another emergent risk associated with credit is identified. Most ESCOs stated that building
owners’ credits would influence the implementation of the project. Building owners’ credits
include proper energy use and payment to ESCOs on time, which directly impact energy-
saving benefits and capacities to pay loans by ESCOs.

Table 1.
The profile of
interviewees

ID Group of representatives Position

1 Independent expert Associate professor
2 Independent expert Professor
3 Independent expert Associate professor
4 Independent expert Post-doctor
5 Independent expert Senior lecture
6 Independent expert Senior consultant
7 Independent expert Senior engineer
8 Building owner Senior property manager
9 Building owner Senior property manager

10 Building owner Senior engineer
11 Building owner Senior property manager
12 Building owner Senior property manager
13 Building owner Senior property manager
14 Building owner Project manager
15 ESCO General President
16 ESCO Senior engineer
17 ESCO Project manager
18 ESCO Senior manager
19 ESCO CEO
20 ESCO CEO
21 ESCO Senior engineer
22 ESCO Senior engineer
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As a result, a total of ten EPC risks on commercial buildings were acknowledged. As this
research focuses on risk allocation through contract design, the contract risk will not be
considered directly in the model but through the process of the model development. Market
risks that may influence the bidding process will not be taken into consideration in this
article because risk allocation starts at the project design stage. Therefore, eight remaining
risks were analysed by the modified bow-tie model in Figure 9.

Except for the project design and construction risks that are only related to ESCOs
because ESCOs have abilities to manage the technology-related risks. The other risks are
carried by both ESCOs and the building owners. The risk allocation will concentrate on
political and legal, economic, financial, maintenance and M&V risks. These risks should be
avoided and mitigated and further shared by energy-saving benefit allocation combined
with the other risk allocation strategies.

The external risks (political, legal and economic risk), that impact a project from the beginning
to the end, will be allocated at each risk allocation stage. As regards the internal risks, the
financial riskmay be influenced by the economic risk and be allocated through thewhole process.
Maintenance and M&V risks can be avoided and mitigated by setting up the rules during the
contract negotiation and be reallocated to the subsequent stage. Maintenance risks should be
shared properly between building owners and ESCOs. Choosing an EPC business model can
allocate these risks preliminarily because it defines the investment proportion and business
relationship during the project.

Building owners’ concerns concentrated on whether ESCOs can save energy as promised.
Although ESCOs will pay the shortfalls in energy savings, the building owners tend to ask
for guarantees. Therefore, the building owners are willing to choose the Shared Savings
Model to avoid financial risk and failure of investment in energy-saving performance. This
means ESCOs almost take all the potential risks in the Shared SavingsModel.

All the ESCOs think there is a risk of the performance guarantee to the building owners,
on both the energy maintenance and the payment of energy-saving benefit. Therefore, some
of the ESCOs tend to persuade the building owners to select the Energy-cost Trust Model,
because it can avoid some uncertainties occurring during the maintenance period from
building owners and also guarantee the energy-saving performance.

In the first two rounds of pilot EPC projects in China, the projects which selected the Shared
Savings Model could gain subsidies; therefore, both building owners and ESCOs tended to
select this business model. However, at present, the subsidies had stopped. The independent
experts mentioned that selecting a suitable business model based on risk preferences from
contracting parties can help allocate risks to some extent. Therefore, the initial risk distribution
can be conducted by choosing a suitable EPC business model for the project. Once the business
model is selected, the responsibility for financial risk can be preliminarily determined.

5.2.2 Overall risk allocation. In the overall risk allocation stage, the focus is on sharing
energy-saving benefits. All the independent experts mentioned that energy-saving benefit
sharing is an important part of the EPC risk allocation. However, the strategies for energy-saving
benefit sharing vary from different EPC business models. The key point of energy-saving benefit
sharing in each EPC businessmodel will be discussed below by summarizing interview results.

Under the Shared Savings Model, ESCOs bear financial risks and all the technology-related
risks (project design risk, construction risk) and share maintenance risks with building owners.
Without financial risks and having the performance guarantee from ESCOs, there is no loss of
energy-saving benefits for building owners. Therefore, maintenance risks may be transferred
to the ESCOs. In this situation, ESCOs bear most of the risks. Energy-saving benefit sharing
strategies should be designed to transfer more benefits to ESCOs to compensate for financial
risks and the uncertain consequences caused by building owners. Further, a component of
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energy-saving benefits should be used to incentivize building owners to bear more
maintenance risks.

Under the Guaranteed Saving Model, building owners share financial and the
maintenance risks with ESCOs. ESCOs compensate for the shortfalls in energy savings to
building owners. Therefore, most of the maintenance risks are transferred to ESCOs. To
better realize the estimated energy savings, energy-saving benefit sharing strategies should
be designed to compensate for the risks ESCOs undertake and motivate building owners to
cooperate with ESCOs.

Under the Energy-Cost Trust Model, building owners only bear financial risks, and
ESCOs take over the whole projects bearing other risks. The performance of energy savings
depends on ESCOs’ serviceability. ESCOs compensate the owner for the shortfalls in energy
savings. Therefore, energy-saving sharing strategies should be designed to regulate
building owners’ behaviours during the maintenance stage and motivate ESCOs to manage
potential risks.

Most building owners stated that energy-saving benefit sharing is their motivation on
following the rules set by the ESCOs. All the ESCOs and some independent experts stressed
that the basis for energy-saving benefit sharing is an agreed and accurate energy
consumption baseline and the related baseline measurement. Thus energy-saving benefit
sharing rules should be set clearly in the contract combined with a clear technical
clarification on the status of the current energy consumption level. Third-party M&V can
offer some assistance here. In addition, considering the degree of motivation and how much
risks are borne by each side of the contracting parties, the proportion of energy-saving
benefit sharing should be designed properly to transfer some risks to some extent.

5.2.3 Risk reallocation. All the interviewees believed risks are hard to estimate at the
start of the project and reallocating unforeseen risks in the future could help solve problems
brought by the static one-off risk allocation. In this stage, the targeted measures to remedy
risks should be settled and the risk reallocation should be designed by the adjustment of
energy-saving benefit sharing or contract period.

Some ESCOs stated that the risks related to the technical uncertainties are sometimes
hard to renegotiate because of lacking energy monitor, for example the uncertainties caused
by the wrong operation of building owners. Thus, as regards maintenance risks, it is very
hard to define risk liabilities. Both ESCOs and building owners state if there is a big change
in building functions or using schedules, they are willing to renegotiate and sign the
supplementary contract by changing the ratio of energy-benefit sharing or contract period.
For the external risks, all the interviewees state it is necessary to reallocate risks because
policy changes and energy price variations have a great impact on the final energy-saving
benefits.

New risks can be tracked when projects enter into implementation and maintenance
stages; however, the trigger of the risk reallocation is hard to decide. Independent experts
support the consideration of the costs of risks. The total costs of tracking risks and
negotiating the strategies of the risk reallocation should be less than the loss caused by the
risks which are not addressed. Meanwhile, costs of dealing with risks and the loss due to
risks are different from the ESCOs and the building owners; therefore, it should be
quantified separately and then give a reference to set the trigger of the risk reallocation.

5.3 The EPC three-stage risk allocation model on the commercial buildings
Based on the interview results and analysis, the detailed EPC three-stage risk allocation
model on commercial buildings can be summarized in Figure 10.
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The EPC risk allocation in commercial buildings follows the three main stages with four
steps. The first step is using the bow-tie model and developing a whole EPC risk picture to
show all potential risks. Four types of risk liabilities (building owners, ESCOs, shared
between building owners and ESCOs and undecided) are responsible for the five main types
of risks (credit, technology related, external, maintenance and unforeseen risks). Based on
risk preferences and the contracting parties’ business situation, the second step is to select a
suitable business model for EPC. The third step is to allocate risks by sharing energy-saving
benefits. The fourth step is tracking the external and maintenance risks and reallocating
these risks by sharing additional energy-saving benefits/losses or adjusting the contract
period.

6. Conclusions and policy implementations
This study pointed out the contract incompleteness of the risk allocation for EPC projects
and offered an operational method to fill the EPC policy vacuum. Based on a systematic
analysis of incomplete contract theory, this study developed a theoretical three-stage EPC
risk allocation model, which provided the theoretical support for dynamic risk allocation of
EPC projects. This is a new approach to allocate risks for EPC projects in a dynamic and
staged way compared to the previous one-off static risk allocation methods. EPC business
model selection and energy-saving benefit sharing are highlighted as useful ways to allocate
risks of EPC in the first two stages by proper risk transfer. Reallocating the unforeseen risks
in the last stage helps solve the problems brought by a static one-off risk allocation. The
proposed model is practical and easy to apply. It gives a reference to the building owners
and the ESCOs when they try to manage and allocate risks. This reasonable risk allocation
between building owners and ESCOs can realize their bilateral targets on energy-saving
benefits, which makes EPC more attractive for BEER in the energy-efficiency market. It
offers a risk allocation framework for all EPC markets not only in China because the
theoretical model addresses all the similar barriers and uncertainties of conducting energy-
efficiency projects in EPCmarkets.

Figure 10.
EPC risk allocation

model on the
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As previous EPC projects were driven by policies (subsidies), in such an initial market,
the Shared Savings model was selected mostly by the contracting parties. Business model
selection, however, is one of the most important phases to allocate EPC risks. Therefore, all
kinds of business models should be encouraged into use according to the real situation
(financial and risk-bearing abilities) of both ESCOs and building owners. Further, in some
context, modified and creative business models should also be encouraged by governments
to reduce and transfer risks of building owners and ESCOs.

The foundation of a reasonable EPC risk allocation is the baseline of current building
energy consumption and a relatively accurate estimation of energy savings. M&V protocols
and energy audits can be assistant to guarantee the actual energy savings, which decrease
the risks for the stakeholders, especially for the ESCOs, as they bear most of the risks related
to technologies of energy efficiency. As the EPC process is dynamic and periodical, it is
suggested to develop a dynamic risk allocation mechanism and corresponding contract
clauses to achieve a reasonable EPC risk allocation. A periodical M&V service offered by the
third party and a sample of supplementary contract designed by the government can be
referenced for the contracting parties to adjust their energy-saving benefits for better risk
allocation.

As the proposedmodel is qualitatively described, it presents a detailed decision procedure of
risk allocation integrating the key findings of the research. With this method, however, it is
hard to decide a precise ratio for quantitative risk allocation. In the future, it is necessary to
combine a particular project and quantitative data to analyse the model and calculate an
equilibrium point of risk allocation. Meanwhile, there is a potential limitation related to the
research scope. This research is focusing on risk allocation, while according to the theory of
risk management, risk mitigation is also an important part of managing EPC risks. Due to the
space limitation, it is hard to discuss more details about risk mitigation strategies for EPCs. In
the future, it is necessary to combine the risk allocation and mitigation strategies together to
discuss the holistic path road of riskmanagement for EPC projects.

Risks of policy and economic are suggested as the external risks that should be allocated
throughout the entire period of EPC projects. Government endorsement can increase the
confidence of stakeholders and increase the rate of third-party financing to further mitigate
financial risks. According to the costs of conducting energy assessment during the contract
negotiation and monitoring the new risks in the project maintenance period, intelligent
building technologies and building information platform system can be involved to monitor
the situation of building energy operation. Meanwhile, a reasonable facility management
mechanism should be designed to adapt to EPCs for a more accurate energy assessment by
mitigating the risks caused by uncertain energy use behaviours.

With national subsidies annulled in EPC projects, it is urgent to improve the performance
of EPCs and explore an operational way to manage the risks of EPCs. The proposed model
in this study offered a way to allocate risks for the EPC stakeholders. The empirical findings
suggested that the innovation of the contracts and business models of EPCs, the
development of M&V, energy audits, government endorsement and reasonably designed
facility management mechanism are helpful to mitigate risks of EPCs. Policies may be
appropriately tilted in these aspects to make EPCs more practical to building energy
efficiency for better adapting to climate change.
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