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Abstract: This paper seeks to determine the value of Energy Service Company (ESCO) contracts
based on the guaranteed savings contracts, which are relatively widely used among ESCO contract
models. A framework is proposed based on the collar option model to qualitatively calculate the
profit distribution ratio between energy users and the ESCO. The profit distribution model is defined
with the guaranteed and target savings, changes in energy cost reductions, and volatility. The model
determines a profit distribution ratio such that the energy user offers the ESCO profits equivalent
to the value of the guarantee. The model is evaluated using a case study. The model suggested in
this study is expected to resolve previous issues with making decisions based on past experiences,
as the profit distribution ratio is determined objectively. Moreover, it is possible to effectively assess
various profit structures in guaranteed savings contracts according to changes in the guaranteed and
target savings. Ultimately, this model is expected to assist in revitalizing the Korean ESCO market.

Keywords: guaranteed savings contract; ESCO; collar option model; profit distribution ratio;
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1. Introduction

The 4th IPCC (Intergovernmental Panel on Climate Change) report predicts that the energy
efficiency business has the greatest potential to reduce greenhouse gases in the next 20–30 years [1].
Moreover, the recent fifth report suggested that managing end-user demand would be a core solution
in reducing greenhouse gas emissions. This would require an 18% and 25% reduction by 2030 and
2050, respectively, in the energy used to operate buildings [2], as this makes up approximately 32% of
total global energy usage [3,4]. This has resulted in the commercialization [5,6] of innovative, energy
efficient buildings that use less energy, such as the three-litter house, the 2000-watt house [7], and
the zero energy building [8]. In Korea, buildings constructed before 2000, when insulation standards
were strengthened, make up approximately 74% of all buildings [9] meaning that there is a high
potential to reduce energy use by improving the energy efficiency of buildings.

The potential of energy efficiency improvement is not fully realized due to several barriers,
such as information imbalance, distortion of incentives, lack of resources, risk from new technological
applications, uncertainty regarding performance, and systematic factors [10,11]. The Energy Service
Company (ESCO) is a tool that can overcome these barriers through a performance contract.

ESCO refers to an energy saving expert company or an energy saving service that installs energy
saving facilities by providing technology. It funds and recoups the investment costs from the energy
savings that are generated in a case where the energy user cannot replace the existing energy facilities
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due to technological and/or economic burdens. Firstly, the installation of energy saving facilities
through an ESCO is advantageous because there is no burden of an initial investment cost for the
consumer. The merits also include decreasing economic and technological risks that accompany
facility investment, professional services provided by an ESCO, and tax benefits. Energy users
can reduce energy and maintenance costs through the ESCO contract, which also provides indirect
benefits, such as increased productivity, replacement of deteriorating equipment, and environmental
improvement [12].

ESCO contracts provide clients with great advantages in terms of energy efficiency retrofit
projects. However, both clients and ESCOs are profit-oriented, with building clients mainly
concerned about economic profit during an energy efficiency retrofit project [13]. Moreover, as Korea
is maintaining a low energy pricing policy for the competitiveness of the industrial sector, a relatively
long timeline is required for a return on the investment compared to other countries. Such a financial
barrier in an ESCO business creates a vicious cycle of insufficient technology and professional
manpower, minimal investment in technological development, and a low level of technology.
National financial supports are underway in Korea as the government recognizes the importance
of an energy supply policy and the difficult factors in an ESCO business. However, this initiative is
hindered by diverse problems, such as fund size, interest rates, and public confidence.

This indicates that government supports for an ESCO business should be minimized,
allowing the ESCO businesses to run independently based on long-term market mechanisms.
The enhancement of energy saving technology, the reliability of energy savings predictions, and the
advancements in an ESCO profitability analysis will be critical for this.

A number of studies have been published on energy reduction technology and reliability
measurements for the energy efficiency enhancement of green buildings. Previous reports on ESCO
contracts have been discussed from diverse points of view, including analysis on the developmental
direction, the supplement of procedural problems, and the disturbing factors of an ESCO contract.
However, objective evaluations of an ESCO contract from a market view through the analysis of its
profit structure have been limited.

To address this gap, this study aims to determine the value of ESCO contracts based on
guaranteed savings contracts, the more common ESCO contract model, and to determine the
framework that quantitatively computes the profit distribution ratio between the building client and
the ESCO based on the results.

2. Background

2.1. An ESCO’s Business Structure in a Guaranteed Savings Contract

ESCO contracts can largely be divided into two types: a shared savings contract and a
guaranteed savings contract. However, the proportion of guaranteed savings contracts is relatively
large in advanced countries [14]. Because ESCO businesses in Korea can progress based on a
guaranteed savings contract, this paper focuses on the guaranteed savings contract.

Conceptually, the guaranteed savings contract involves an exchange wherein the energy user
finances the energy reduction system and the ESCO is responsible for the performance of the business.
The energy user gathers the financial capital required through a bank or equipment lease, and the
ESCO guarantees the savings from the energy reduction system. If the minimum pre-agreed level
of energy reduction is not achieved, the ESCO compensates the energy user and thus guarantees
project performance [15,16]. Table 1 provides the key terms in a standard guaranteed savings contract
in Korea.
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Table 1. Key definitions for standard guaranteed savings contracts in Korea.

Term Definition

Energy savings Energy reductions from the installation of the energy
reduction system

Target savings
The maximum energy savings that the ESCO calculates
through an energy usage diagnosis or other methods to
guarantee a level of performance

Performance guarantee
The act of guaranteeing an energy reduction value from
installing the energy reduction system. The ESCO provides
this guarantee to the energy user

Guaranteed savings
The amount of guaranteed energy reductions that the ESCO
provides to the user, which must be more than 80% of the
target reduction value

Performance guarantee period The period to recover the entire project investment amount
through the guaranteed energy savings

Profit distribution The distribution of profits resulting from surpassing the
target reduction value between the energy user and the ESCO

Combining the major terms in Table 1 with the conceptual definition of the guaranteed savings
contract above, the profit structure of the guaranteed savings contract can be defined in three parts,
as shown in Figure 1. First, zone 2 is where the energy savings are between the guaranteed savings
and the target savings; this can be regarded as a neutral zone. In this zone, the ESCO obtains profits
from the energy user as a service cost when implementing the energy saving business. This is based
on the general contract relating to the energy saving business. Accordingly, the standard contract
specifies that the ESCO and the energy user are not obligated to allocate guarantees of performance
if the energy savings fall between the guaranteed savings and the target savings. The characteristic
feature of the guaranteed savings contract is that zone 1 and zone 3 are generated in the profit
structure. During zone 1 , the energy savings are lower than the guaranteed savings. In this case,
the ESCO must pay the difference to the energy user based on the additional performance guarantee
contract. Zone 3 is where the energy savings exceed the target savings. In this case, the ESCO
obtains a certain part of the performance that exceeded the target savings based on an additional
performance distribution contract. As a result, the ESCO acquires the right to obtain additional profit.
Here, the value of the guarantee that the ESCO provides in zone 1 and the value of the right to profit
acquired in zone 3 differ according to the set guaranteed savings and the target savings. Such energy
savings are generally determined by the ESCO, but the energy users verify this based on an energy
diagnosis report by an external expert organization.

Because zone 2 takes the form of a general service contract, the value of the guarantee provided
in zone 1 and the value of the right to profit obtained from the performance distribution contract
of zone 3 must be identical. Hence, if the ESCO-guaranteed value in zone 1 is evaluated and the
profit distribution ratio is computed in zone 3 to match that evaluated value, a logical guaranteed
savings contract between the ESCO and the energy user can be determined.
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2.2. Literature Review

Long-term payback time, risk exposure, and initial cost are the financial barriers in the activation
of a green building project [17]. An important goal of investors is to secure profit through investment.
The rate of return can be divided into three indices: payback time, return on investment, and
internal rate of return. In particular, payback time is the most commonly used index for assessing
investment value. Investment projects that improve energy efficiency require a payback time of
approximately eight years in general [17]. However, ordinary investors prefer an investment with a
shorter payback time [18]. A longer payback time means a higher opportunity cost of the investment,
that is, a higher accrued interest that emerges with time. As a result, investors try to reduce this cost.
With buildings having a life cycle of over 30 years, the time to recoup an investment cost by reducing
operational costs through higher energy efficiency can be long. Consequently, investors become
very conservative regarding investments in green building projects [17]. Risk exposure is one of the
factors that investors take seriously. In general, a higher risk exposure means a higher rate of return.
Investors normally prefer the safest investment that yields the highest rate of return. Although a
green building project generally has a high-risk exposure due to the long payback time, its rate of
return is low compared to the risk. This acts as a deterrent when procuring resources for a green
building project [17].

Finally, an increase in the initial cost is also a factor of concern. A previous study indicated
that consumers who agreed to buy products with a long life cycle showed a tendency of eventually
purchasing products that had a low energy efficiency due to the low initial cost [19]. Although cash
flow can be improved by using various technologies and facilities that can enhance energy efficiency,
lenders tend to take a very conservative position due to the possibility of an increase in the initial
cost. As a result, financial barriers, including long payback time, relatively high interest rates, and
increasing initial cost act as a major hindrance to the activation of a green building project.

Du et al., 2014 [20] studied 15 barriers with the aid of information collected through
questionnaires and semi-structured interviews. Analysis of the entire sample showed that the
stakeholders’ reluctance to use it was the largest barrier, followed by high initial investment and
low profitability [20]. Zhang et al., 2011 [21] examined the costs and barriers in applying the green
elements to the process of developing property projects. By analyzing the additional cost of the
three types of green buildings, it is concluded that the major barrier, the higher costs, has hindered
the extensive application of green technologies in China [21]. Shi et al., 2013 [22] classified the general
barriers to the implementation of green construction in China by a questionnaire survey and proposed
initiatives to push forward an integrated system between government and contractors for green
construction. The results showed that additional cost, incremental time, and limited availability
of green suppliers and information are critical barriers [22]. As such, not only technological or
institutional aspects, but also a business model from a market point of view is very important for
the vitalization of green building. The ESCO business model can be an alternative.

The literature related to ESCOs can be largely classified into two types. The first stream analyzes
reasons behind the difference in the level of investment in energy efficiency between the real and
socially optimal levels from the perspectives of market failure or market barriers, and proposes ESCO
contracts as one of the methods to overcome this difference.

Goldman et al. (2005) empirically analyzed the ESCO’s business characteristics and results in
the US as a business entity, its average investment by sector, type of equipment, and investment
return periods, and proposed that the ESCO has a role in overcoming obstructing factors and market
failures such as risks related to energy efficiency projects, information asymmetry, and transactional
costs [12]. Steinberger et al. (2009) suggested that for ESCO contracts to grow as a performance-based
energy policy tool to attract socially optimal levels of investments in energy efficiency, they require
financial resources, improvements to the regulations related to ESCO contracts, standardized contract
protocols, training for experts, and the spreading of ESCO-related information [23].
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The second stream analyzes national ESCO policies in the US, Japan, China, Europe, and
developing countries, in addition to relevant case studies, to empirically identify the factors
obstructing the ESCO business and suggest methods for improvement. Vine (2005) estimated the
size of the ESCO market using survey results from 38 countries, and analyzed ESCO’s investment
characteristics by country, factors restricting regulations on ESCOs, and obstructive factors from the
users’ perspectives [24]. Painuly et al. (2003) focused on ESCOs’ potential in the energy reduction
business, and listed various limiting factors, such as the barriers in raising capital, policy and financial
barriers, and cultural barriers [15]. Gan (2009) proposed market, policy, financial, and technological
barriers as factors limiting the growth of ESCOs in China, which ranks second in the world in energy
use and greenhouse gas emissions, and is only in the implementation stage of ESCOs [25].

Moreover, research has been conducted related to ESCOs’ applicability for energy efficiency
projects. Xu et al. (2011) develop a set of Critical Success Factors (CSFs) of energy performance
contracting (EPC) for sustainable Building Energy Efficiency Retrofits (BEER) of hotel buildings in
China, which include the project organization process, EPC project financing, knowledge of EPC,
implementation of a sustainable development strategy, contractual arrangements, and the external
economic environment [13]. Jensen et al. (2013) present current research on Danish municipalities’
use of ESCOs as a way to improve public buildings and to increase energy efficiency [26]. Li et al.
(2009) describe ESCOs as an alternative to bridge the technical and financial gaps in the building
efficiency market [27]. Earlier research highlights the possibility of effectively carrying out building
energy efficiency projects through the ESCO business model. For the guaranteed savings contract,
which is one of the ESCO business models, applicability to green building will be particularly
high considering it can minimize the uncertainty of investors as the guarantee on energy savings
is contained. Realistically, the profit structure between the building owner and the ESCO is very
important and there are limited valuations of the ESCO contract model based on energy performance.

2.3. Real Options

The Discounted Cash Flow (DCF) model, which was used as the main stream of an evaluating
model, pointed out the main problems because it could bring about erroneous investment decisions
by ignoring uncertainties of a project’s expected cash flows and a manager’s strategic flexibilities
to cope with these uncertainties [28,29]. To overcome DCF’s problems, Myers (1984) proposed the
framework of real options as the methodology for making investment decisions based on the option
pricing theory [28].

As shown in Table 2, there are several similarities between financial options and real options,
but variables are somewhat different because of characteristics of the investment assets [30].

Table 2. Comparison of real options’ variables with those of financial options.

Financial Options Real Options

Stock price Present value of expected incomes
Exercise price Costs of irreversible follow-on investment

Time to maturity Time until the investment opportunity disappears
Volatility of stock return Variability of project value
Risk-free rate of return Risk-free rate of return

Copeland et al., 2003 [30].

There are five main techniques to valuing options: the Black-Scholes Option Pricing Model
(BSOPM), the Binomial Option Pricing Model (BOPM), the Risk-Adjusted Decision Trees (RADT),
the Monte Carlo Simulation (MCS), and finally, Hybrid Real Options (HRO) [31].

As shown in Table 3, the results of evaluating the value of a project using RADT and MCS are
unclear. Because of estimating the volatility considering only one factor in this paper, HRO is not
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needed. BSOPM, which assumes a continuous timeline, is unsuitable for applying to real assets.
This study therefore uses the Binomial Option Pricing Model (BOPM) for valuing the ESCO contracts.

Table 3. Valuation methods.

Methods Advantages Disadvantages

BSOPM Simple to calculate the option value.

Only applicable to European options;
Only works with normal distributions;
Require advanced financial knowledge;
Required assumptions limit the use of the
model (price, volatility, duration);
Able to deal with only one factor
of uncertainty.

BOPM

Effective when dealing with one factor
of uncertainty;
Provides project managers with an
appropriate evolution of the underlying asset;
Estimates the value of several option futures.

Requires advanced financial knowledge;
Able to deal with only one factor
of uncertainty.

RADT

Allows mapping complex problems;
Able to deal with multiple uncertainties;
Enables decision makers to develop insights
into ROs;
Useful in the case of a possible drastic change
in systems.

Does not provide the true value of
the project;
If the number of branches is high, it
becomes too complicated and unclear.

MCS

Demonstrates graphically the analysis results;
Able to deal with multiple uncertainties;
Not required to understand financial theory;
Helpful for problems with path-dependency;
User-friendly multiple document interface.

Lacks transparency;
Hard methodology to implement with
American options.

HROs

Able to deal with multiple uncertainties;
Combining the best of decision analysis and
options analysis;
Independent handling of technical and
financial parts.

Hard methodology to implement
(it requires highly sophisticated
mathematical modeling skills).

Martins et al., 2015 [31].

Based on the theoretical basis, there have been many studies applying the real options in the
construction sector.

Cui et al. (2008) presented an independent analysis of the effectiveness of the warranty clauses.
This paper evaluated the warranty-ceiling clause on NM 44 (New Mexico Highway 44) using the
real options approach [32]. Kim et al. (2012) proposed a real option-based framework for rationally
quantifying the amount of government subsidies required by private entities in order to implement a
clean energy generation system [33]. Park et al. (2013) proposed a real option–based contract model
to ensure appropriate privatization risk sharing in underground infrastructures between private
entities and governments [34]. Lee et al. (2014) developed and exemplified a real options valuation
framework that could be used to evaluate the financial impact of phased investments in a building
portfolio [35]. Kashani et al. (2015) addressed the theoretical limitations of current real options models
and created a new real options model to evaluate investment options for renewable energy systems
under uncertainty [36]. Mirzadeh et al. (2015) developed an option-pricing framework that enabled
the financial assessment of different types of road projects in the presence of different government
support mechanisms [37]. Martins et al. (2015) provided an overview of the current literature on
real options, thereby filling a gap in the current academic literature. It addressed the main types of
options and valuation mechanisms and provided an extensive overview of their application to the
infrastructure sector [31]. As a result, this study uses real options as a way to evaluate the value of
ESCO contracts.
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3. Research Methodology

3.1. Profit Distribution Framework Using the Collar Option Model

The collar option model is used to value the ESCO guarantee and compute a profit distribution
ratio such that the ESCO’s share of the profit is equivalent to the guarantee.

An option is defined as the security of giving the right to buy or sell an asset, subject to certain
conditions, within a specified period of time [38]. An option is a right, but not an obligation, to take
an action in the future. In financial markets, the most common types of options are a call option and a
put option. A call option gives the owner the right to buy stock at a predetermined exercise price on
a specified maturity date. A put option can be viewed as the opposite of a call option. A put option
gives its owner the right to sell the stock at a fixed exercise price. Stock prices are notorious for their
volatility [39].

A collar option is a more complex arrangement than a put option and a call option; it is a
combination of a call option and a put option [40]. A popular type of collar is the zero-cost collar.
Typically, the proceeds from the sale of the call are used to offset the cost of the put, which eliminates
the cost of the hedging instrument. The put provides insurance to the holder against any downward
movement in the stock price below the strike price. Any movement above the strike price of the call
is lost profit [41].

Figure 2 illustrates the profit structure of the guaranteed savings contract using the collar option
model. This model comprises the zone of exercising a put option for the energy user when the energy
savings decreases (Zone A), the zone of exercising a call option for the ESCO when the energy savings
increases (Zone B), and a neutral zone (Zone C). The exercise price of the put option is the guaranteed
savings, and the exercise price of the call option is the target savings. If the expected energy savings
after installing the energy reduction system at the beginning of the performance guarantee period
(t = 0) is S0, S0 rests between the exercise price of put option (Xp), the guaranteed savings, and the
exercise price of the call option (Xc), the target savings.
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Figure 2. Valuation of guaranteed savings contract based on the collar option model.

As shown in Figure 3, if the energy savings (S) fall below the guaranteed savings (Xp), the energy
user can receive the difference from the guaranteed savings, and the value of the guarantee is positive.
However, if S is larger than Xp, the value of the guarantee from the energy user’s perspective is
equivalent to 0. Therefore, depending on the change in S, the value of the guarantee is represented
by the graph, which demonstrates the change of value of the put option.
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Figure 3. Change in the value of the guarantee according to fluctuation in the energy savings.

Moreover, as shown in Figure 4, if energy savings (S) increase beyond the target savings (Xc),
the ESCO can obtain a certain portion of the difference between the energy savings and the target
savings as profit. However, if S is less than Xc, there is no profit. Therefore, based on Xc and the
corresponding changes to S, the ESCO obtains the right to profit. The change in the value of the right
to profit is shown in a graph that demonstrates the value of the call option.
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Figure 4. Change in the value of the Energy Services Company’s (ESCO) right to profit according to
fluctuation in the energy savings.

Thus, from Figure 2, the energy user has a put option where the guaranteed savings is the
exercise price (Xp), and the ESCO has a call option where the target savings value is the exercise price
(Xc). As the guaranteed savings contract is a bilateral agreement between both parties, if one profits,
the other faces a loss. Therefore, the value of the option possessed by each side must be equal. If the
target and guaranteed savings are set contractually between the ESCO and the energy user, the value
of the put option owned by the energy user is determined. Therefore, the profit distribution ratio (K)
in Zone B, where the value of the call option is determined, can be modified to change the slope by
using Equation (1) such that the value of the energy user’s guarantee and the ESCO’s right to profit
are equal.

Valueput “ Valuecall ˆ K (1)

Valueput : value of put option; Valuecall : value of call option; K: Profit distribution ratio.
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3.2. Binomial Lattice Model to Calculate the Option Value

Cox et al. (1976) suggested the binominal lattice model as a method to evaluate the value
of options assuming that changes in the underlying asset follows a binomial distribution [42].
The binomial lattice model can solve a more complex and realistic option for pricing problems.
The binomial lattice model has two calculations, where Figure 5 illustrates the binomial tree of
the distribution of underlying assets, and Figure 6 illustrates another binomial tree constructed to
calculate the option value [43]. The underlying asset (S) in Figure 5 must first be determined.
In this study, as changes in the value of the option is determined by changes to the energy savings, the
underlying asset is the present value of the expected energy savings at the endpoint of the guaranteed
savings contract. The binomial tree following a forward process is the process for determining
probable scenarios created over time based on the uncertainty of the energy savings. Under the
option theory, the binomial tree is calculated using Equations (2) and (3) to determine the rise and fall
rates, and these rise rates (u) and fall rates (d) are applied repeatedly to the underlying asset (S) to
determine the binomial tree.

u “ eσ
?
δt (2)

d “ e´σ
?
δt (3)

u: rise rates; d: fall rates; σ: volatility.
Based on a binomial tree from the forward process (Figure 5), the backward process in Figure 6

is used to calculate the option value. Equation (4) is an example of the correlation between the node
at t-1 and the two nodes at t. In other words, Equation (4) indicates that the OVuu node is obtained by
calculating the expected value using the OVuuu node, and the OVuud node. In this way, the binomial
tree in Figure 6 displays the process of repeated calculations on the present node after calculating the
value of the call or put option using the equation at the final stage. Risk-neutral probabilities (p) are
determined using Equation (5).

OVuu “ rpOVuuu ` p1´ pqOVuuds {
´

1` r f

¯

(4)

p “
er f pδtq

´ d
u´ d

(5)

r f = risk-free rate; p = risk-neutral probabilities.
This study uses the binomial lattice model to evaluate the value of the guarantee owned by

the energy user, and the value of the ESCO’s right to profit. Equation (1) determines the profit
distribution ratio.Sustainability 2015, 7, page–page 
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4. Applications

4.1. Data Collection

This section presents a case study that applies the proposed profit distribution model to assess
its realistic use. As shown in Table 4, the case project is a retrofit project for the energy efficiency
improvement of an office building that has a total floor area of approximately 30,147.63 m2 and has
been over 20 years since the completion of construction.

Table 4. Project overview.

Category Details

Year Built 1994 (20 years since completion)
Site area 97,140.28 m2

Principal use Office space
Building size 1 floor underground, 7 floors aboveground
Building area 17,512.66 m2

Total floor area 30,147.63 m2

Equipment Absorption chiller-heater, steam boiler

Total project cost
Heat insulation 317,570 USD

Windows 298,010 USD
Total 615,580 USD

This case includes a guaranteed savings contract between the ESCO and the energy user who
sought to increase energy efficiency through heat insulation and windows at a total project cost of
USD 615,580.

Table 5 provides the key data from the guaranteed savings contract. The ESCO suggested the
target and guaranteed savings, of 88,200 USD/year and 70,560 USD/year, respectively. Moreover,
an external agency confirmed the expected savings of 77,616 USD/year throughout the performance
guarantee period. The energy user, based on the report, concludes the guaranteed savings contract
with the ESCO.
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Table 5. Guaranteed savings contract: key information.

Category Estimated Value

Target savings 88,200 USD/year
Guaranteed savings 70,560 USD/year

Expected savings 77,616 USD/year
Performance guarantee period 9 years

To determine the performance guarantee period, a discount rate was first calculated (Table 6).
The discount rate was obtained by calculating the real annual discount rate using the interest rate
and the inflation rate through Equation (6) and then averaging it. As a result, the discount rate was
set at 0.96%.

Table 6. Discount rate calculation.

Year Interest Rate Inflation Rate Real Discount Rate Average Discount Rate

2004 3.75 3.6 0.14

0.96

2005 3.57 2.8 0.74
2006 4.36 2.2 2.11
2007 5.01 2.5 2.45
2008 5.67 4.7 0.93
2009 3.23 2.8 0.42
2010 3.18 3.0 0.17
2011 3.69 3.6 0.09
2012 3.43 2.2 1.20
2013 2.70 1.3 1.38

I “ tp1` iq { p1` jqu ´ 1 (6)

I = Real discount rate; i = interest rate; j = Inflation rate.
The performance guarantee period means the period for recouping the investment cost from

the guaranteed savings, as shown in Table 1. Accordingly, Table 7 shows the calculation of the
performance guarantee period of the USD 615,580 investment cost in guaranteed savings. In this
paper, the performance guarantee period was determined by first discounting the guaranteed savings
to the present value by using the discount rate obtained above, and then summing them. As can be
seen in Table 7, most of the investment cost is retrieved in around nine years. Hence, our performance
guarantee period was set at nine years.

Table 7. Calculation of the performance guarantee period.

Time Investment
Cost

Guaranteed
Savings

(Constant)

Guaranteed
Savings

(Discounted)

Guaranteed Savings
(Discounted)

Accumulated Sum

0 615,580
1 70,560 69,889 69,889
2 70,560 69,225 139,114
3 70,560 68,566 207,680
4 70,560 67,914 275,594
5 70,560 67,269 342,863
6 70,560 66,629 409,492
7 70,560 65,995 475,487
8 70,560 65,368 540,855
9 70,560 64,746 605,601

10 70,560 64,131 669,731
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4.2. Results

Table 9 displays the key variables used in the valuation of the guaranteed savings contract. First,
the underlying asset(S) becomes the starting point to calculate the various estimated energy savings
values with the volatility resulting from uncertainty. As such, the proxy values for the underlying
asset was set as the underlying asset’s future expected values, and converts the annual estimated
savings value for the performance guarantee period to the present value, which was defined as the
applicable variable. The underlying asset is thus valued at USD 668,158.

Using Figure 2, the exercise price of the put option (Xp) in Zone A is USD 607,416, which is the
present value of the annual guaranteed savings. The exercise price of the call option (Xc) in Zone B is
USD 759,270, which is the present value of the annual target savings.

Volatility (σ) was calculated based on the annual gas and electricity usage data over the past
10 years, shown in Table 8. Although gas and electricity prices differ each year, they were assumed to
be identical. This is because the energy price is identically applied in the ESCO contract as a standard
price. Considering this, the volatility estimation also focused on the change in the savings rather
than the price fluctuation. The derived volatility was approximately 10%. The reason behind such
volatility could be the constant energy consumption by the building. However, it is conjectured that
diverse factors, including temperature change, behavioral patterns of the users inside the building,
and various actions for energy savings have affected the results.

Table 8. Volatility estimation.

Year
Gas Electricity Energy

Cost
(USD)

Change
Rate

Volatility
Used Amount

(Nm3)
Unit Price
(USD/Nm3)

Used Amount
(KWh)

Unit Price
(USD/KWh)

2004 58,717 0.925 2,575,682 0.127 381,425

10.00

2005 74,759 0.925 2,743,321 0.127 417,554 9.05
2006 47,324 0.925 2,442,482 0.127 353,970 ´16.52
2007 48,783 0.925 2,649,536 0.127 381,615 7.52
2008 42,286 0.925 2,526,969 0.127 360,039 ´5.82
2009 65,515 0.925 2,637,817 0.127 395,604 9.42
2010 51,018 0.925 2,520,640 0.127 367,313 ´7.42
2011 82,245 0.925 2,661,946 0.127 414,144 12.00
2012 69,083 0.925 2,629,320 0.127 397,825 ´4.02
2013 50,736 0.925 2,544,804 0.127 370,121 ´7.22

The risk-free rate (r f ) was set at 2% based on the 3-year government bond rate, and the unit of
time is in years. Based on this, the rise rate (u), fall rate (d), and the risk-neutral probabilities (p) were
calculated using Equations (2), (3), and (5); Table 9 reports the results.

Table 9. Guaranteed savings contract—key information.

Variables Estimated Value

Underlying asset (S) 668,158 USD
Put option exercise price (Xp) 607,416 USD
Call option exercise price (Xc) 759,270 USD

Volatility(σ) 10.0%
Risk-free rate (r f ) 2.00%

Time interval 1 year
Rise Rates (u) 1.105
Fall Rates (d) 0.905

Risk-neutral probability (p) 0.576
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Using the values from Table 9, Table 10 provides the various probable scenarios for the
underlying asset generated from the forward process. The maximum energy savings value is
approximately USD 1,643,403, and the minimum is approximately USD 271,653.

Based on the binomial tree of S’s distribution created from the forward process, the backward
process was applied to calculate the value of the guarantee obtained by the energy user, which is
the difference between the energy savings and guaranteed savings calculated using the put option
valuation model. As shown in Table 11, the value of the guarantee owned by the energy user is
USD 15,601.

Table 10. Results of S’s distribution using the forward process.

0 1 2 3 4 5 6 7 8 9

668,158 738,429 816,090 901,919 996,775 1,101,606 1,217,463 1,345,505 1,487,013 1,643,403
604,574 668,158 738,429 816,090 901,919 996,775 1,101,606 1,217,463 1,345,505

547,041 604,574 668,158 738,429 816,090 901,919 996,775 1,101,606
494,984 547,041 604,574 668,158 738,429 816,090 901,919

447,880 494,984 547,041 604,574 668,158 738,429
405,258 447,880 494,984 547,041 604,574

366,693 405,258 447,880 494,984
331,797 366,693 405,258

300,223 331,797
271,653

Table 11. Valuation of guarantees for the energy user using the backward process (put option).

0 1 2 3 4 5 6 7 8 9

15,601 7752 2968 701 35 0 0 0 0 0
26,993 14,614 6186 1638 85 0 0 0 0

45,073 26,745 12,654 3823 204 0 0 0
72,083 47,139 25,240 8916 491 0 0

109,348 79,094 48,592 20,775 1182 0
155,580 124,237 88,651 48,357 2842

205,472 178,411 147,538 112,433
251,901 228,741 202,158

295,224 275,619
335,764

Next, the value of right to profit is the difference between the energy savings and target savings,
calculated using the call option valuation model. As shown in Table 12, the value of right to profit is
USD 94,651. At this point, the value of the guarantee obtained by the energy user and the value of
the ESCO’s right to profit must be equal, and as such requires a ratio that distributes the value of the
right to profit, calculated using Equation (1). Table 13 shows the profit distribution ratio for the ESCO
as 16.5%.

An analysis was performed on the ESCO profit distribution ratio, as shown in Table 14.
Guaranteed savings (Xp), target savings (Xc), and volatility were selected as major variables for the
sensitivity analysis. Guaranteed savings and target savings are the points where guaranteed value
and right to profit are created. When each one changes, there is an impact on the guaranteed value
and the right to profit. As volatility is an index that indicates the extent of energy savings uncertainty,
it is likely to have a great influence on the ESCO profit distribution ratio.

Based on the results of the analysis, we confirmed that the ESCO profit distribution ratio
increases as the guaranteed savings (Xp) increases. Since the increased guaranteed savings (Xp)
means that a relatively high business safety of the ESCO is provided to the energy user through
the guarantee, the ESCO profit distribution ratio increases. We also confirmed that the ESCO
profit distribution ratio increases as the target savings (Xc) increase. Since the increased target
savings (Xc) means that acquiring profit becomes relatively difficult following excessive performance,
the right to profit decreases. As the guaranteed value that is calculated under the condition of
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fixed guaranteed savings (Xp) and the volatility are identical, the ESCO profit distribution ratio
increases relatively. Finally, we confirmed that the ESCO profit distribution ratio increases as volatility
increases. An increase in volatility means greater uncertainty for energy savings, which eventually
increases the ESCO profit distribution ratio.

Table 12. Valuation of right to profit using the backward process (call option).

0 1 2 3 4 5 6 7 8 9

94,651 131,390 179,186 239,637 313,746 401,651 502,707 616,249 742,924 884,133
49,234 72,693 105,559 150,319 209,192 283,386 372,254 473,321 586,235

19,704 31,498 49,766 77,475 118,322 176,092 252,589 342,336
4619 8182 14,492 25,669 45,467 80,535 142,649

0 0 0 0 0 0
0 0 0 0 0

0 0 0 0
0 0 0

0 0
0

Table 13. ESCO Profit distribution ratio.

Category Estimated Value

Value of guarantee 15,601 USD
Value of right to profit 94,651 USD

ESCO Profit distribution ratio 16.5%

Table 14. Results of sensitivity analysis.

Xc (USD) Volatility (%) Xp (USD)
560,000 580,000 600,000 620,000 640,000 668,158

668,158
5% 0.17% 0.34% 0.77% 1.21% 1.92% 4.21%

10% 7.07% 8.58% 10.10% 13.34% 17.10% 22.39%
15% 16.64% 19.07% 23.15% 27.24% 31.32% 37.07%

680,000
5% 0.19% 0.37% 0.84% 1.31% 2.07% 4.56%

10% 7.42% 9.01% 10.60% 14.01% 17.95% 23.51%
15% 17.19% 19.71% 23.93% 28.15% 32.37% 38.31%

710,000
5% 0.24% 0.46% 1.05% 1.64% 2.59% 5.69%

10% 8.49% 10.32% 12.14% 16.04% 20.5% 26.91%
15% 18.78% 21.54% 26.15% 30.76% 35.37% 41.86%

740,000
5% 0.30% 0.58% 1.33% 2.07% 3.27% 7.19%

10% 9.90% 12.02% 14.14% 18.68% 23.94% 31.35%
15% 20.70% 23.74% 28.82% 33.90% 38.98% 46.13%

770,000
5% 0.40% 0.79% 1.80% 2.81% 4.43% 9.74%

10% 11.05% 13.42% 15.79% 20.87% 26.74% 35.01%
15% 23.06% 26.44% 32.09% 37.75% 43.41% 51.38%

800,000
5% 0.54% 1.05% 2.39% 3.73% 5.89% 12.95%

10% 12.51% 15.20% 17.88% 23.63% 30.28% 39.64%
15% 24.88% 28.53% 34.63% 40.74% 46.85% 55.44%

5. Discussion and Conclusions

This paper proposes a profit distribution model based on the collar option model to support fair
decision-making in guaranteed savings contracts between an energy user and an ESCO. The profit
distribution model uses the guaranteed and target savings as reference points to calculate the value
of the guarantee and the right to profit. The right to profit was set to equal the value of the guarantee
to calculate the profit distribution ratio.

When the profit distribution model was applied to a case study, the project had a profit
distribution ratio of 16.5%. This also uses probability theory to objectively determine the profit
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distribution ratio, and could improve past methods where decisions were based on past experience.
Moreover, this model easily calculates the profit distribution ratio for different scenarios according
to changes in the target and guaranteed savings. In other words, this model can be used to assess
various profit structure scenarios in guaranteed savings contracts.

For Korea, aging buildings is a serious issue since approximately 74% of all buildings are more
than 20 years old, and many of these have very low energy efficiency. On the national level of energy
supply and demand, energy efficiency in the building sector is highlighted as a very important issue,
and the related technology is developing at a rapid rate. From this perspective, the Korean ESCO
market has a very high potential for growth.

ESCOs mainly depend on financial support from the government. This is because investment in
the private market is not voluntarily undertaken. To induce active participation of the private sector
in the ESCO business, the improvement of profitability and transparency, and the promotion of the
ESCO business are critical. From this point of view, the ESCO profit distribution model suggested in
this paper is believed to be effective in securing the transparency and objectivity of the ESCO contract.
However, the real problem of the ESCO profit distribution model is the reliability of the variables
that are determined during the initial business contract, such as guaranteed savings, target savings,
and predicted savings. The technology and professional manpower that are currently required for
a comprehensive energy diagnosis are not sufficient in most cases except for several companies in
Korea. Moreover, energy users cannot logically determine each condition in the contract, as they are
usually not equipped with professional knowledge in the ESCO business.

In solving these problems to enhance the usability of the ESCO profit distribution model and to
guarantee the transparency and objectivity of the ESCO contract, public institutions that have public
confidence need to comprehensively manage the verification work on the clauses within the initial
contract. Moreover, if direct intervention by public institutions is likely to create a market disturbance,
public institutions will need to provide support by reviewing the introduction of the systems, such as
the ESCO certificate system at a minimum, so that energy users can built trust in the ESCO.

The advancement of management is also important in the development and commercialization
of technology. We believe that if energy savings reliability can be secured, the ESCO profit distribution
model suggested in this paper will contribute to the vitalization of the ESCO market in Korea.
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