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ABSTRACT
Risk assessment is one of the most critical procedures for the evaluation of environmental projects. Over the
last decades, there are several methods and techniques developed in the risk assessment literature establishing
the quantitative risk analysis of waste treatment projects. Herein, the authors focus on the correlation between
the financial sustainability evaluation and the quantitative risk analysis of waste treatment projects, which
are implemented with Build–Operate–Transfer contracts in Greece. Particularly, the authors use a formula
for the investor’s profit rate computation, which corresponds in positive cash flows throughout the project’s
operational phase and ensures the partnership’s financial sustainability. Documentation of the specific formula
is achieved through the quantitative risk analysis of a waste treatment project, where the uncertainty of the
project’s financial sustainability is analyzed and useful conclusions are discussed.
Keywords: Build–Operate–Transfer, financial sustainability, Monte Carlo simulation, quantitative risk analysis, waste treatment projects.

1 INTRODUCTION
Over the past two decades, public private partnership (PPP) contracts are used by many governments
for the purpose of delivering a project or a service that is traditionally provided by the public sector.
Generally, these types of contracts include the collaboration between the public and the private sector,
while in most cases the private partner is responsible for the project funding and the invested capital is
recovered through the operation revenue over the concession period. According to the World Bank
Group’s database [1], for the period 1990–2009, there are 400 investments with private participation
implemented in the waste treatment (WT) field. Since the PPP projects are becoming a popular option
for the public services delivery, there are many authors who refer to specific large WT projects implemented in different countries [2–4], while other researchers focus on the identification and analysis of
their key aspects [5]. These projects are mainly implemented following a Build–Operate–Transfer
(BOT) contract, which is the most commonly used contract type in PPPs [6]. Generally, BOT contracts
can be defined as long-term cooperation agreements for the provision of high quality infrastructure,
products, or services [7], with which significant technical, legal, political, and economic risks are
shared between the public and private sectors [8]. In a previous study, we examined the financial sustainability of the WT projects that were implemented through PPPs in Greece [9] and we developed
a formula for the computation of the investor’s profit rate (PR). The PR’s minimum value that is calculated through the specific formula can be used by decision makers to achieve the positive cash flows on
behalf of the private sector throughout the project’s time horizon, ensuring the partnership’s financial
sustainability. Herein, we use the results arising through the above formula and we implement the
quantitative risk analysis (QRA) of a WT project to validate the project’s financial sustainability.
The rest of this paper is organized as follows. The framework of the BOT contracts is presented in
Section 2 and the review of the literature on the commonly used methods for the financial analysis
and the QRA are presented in Section 3. A QRA for the evaluation of a WT project is implemented
in Section 4, while the results are discussed in Section 5 and useful conclusions are summarized
in Section 6.
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2 FRAMEWORK OF BOT CONTRACTS
In 2006, due to the increased number of PPP projects in Europe, EU Committee issued the Green
Bible on PPPs [10], which included 22 questions relevant to the issues of partnership contracts. This
paper was sent to the EU’s member states for collecting the appropriate data and establishing a common legislative framework for the implementation of PPP projects in Europe. In Greece, three large
infrastructure projects, that is, the Rio – Antirio Bridge, the Attiki Odos Highway, and the International Airport of Athens [11], were already implemented following the BOT contracts, while the
specific national legislative framework for PPPs was established in 2005 with the Law 3389. Currently, among the 52 PPP projects already approved by the Greek interministerial committee, there
are two projects in the environmental sector that include the construction and operation of WT units
in the region of Western Macedonia and the municipality of Rafina. However, implementation of
WT projects requires complicated procedures [12, 13], especially when these projects follow BOT
contracts [14]. Generally, a BOT contract should take into consideration all the project’s parameters
to ensure the value for money that is achieved through the project’s operation [15, 16]. Therefore, the
literature includes several papers analyzing key factors for BOT projects [17] and particularly for
environmental [18] as well as for WT projects [19, 20].
3 FINANCIAL ANALYSIS AND QRA
In the literature reviewed, there are several methods proposed for the investment assessment, while
the WT projects are mainly evaluated through the multicriteria analysis [21], the life cycle assessment [22], and the cost–benefit analysis (CBA) [23]. However, the CBA is a widely used method,
which can be used during the initial stage for the evaluation of the environmental impact [24] as well
as for alternative types of WT projects [25] and particularly for projects that follow BOT contracts
[26]. The formula for the computation of the investor’s PR, which is used in this paper, has as theoretical foundation the CBA guide for investment projects issued by the European Commission (EC)
[27]. A remarkable point is that the submission of a project proposal including a CBA is mandatory
for all large projects (environmental projects with higher than 25 million Euros budget) in the
2007–2013 period, which has been cofinanced by the European Community. According to the EC’s
guide, the financial analysis and the risk assessment are two out of the six basic steps that should be
followed in a project’s appraisal through the CBA.
3.1 Financial analysis and financial sustainability
Generally, main purpose of the financial analysis for a project implemented through a BOT contract
is to use the project cash flow forecasts to calculate the suitable net return indicators for the private
sector through the annual payments by the public sector. The financial indicators, which are calculated in the financial analysis, are the net present value (NPV) and the internal rate of return (IRR)
[28]. In BOT projects, the performance of the private capital is implemented through the calculation
of the financial NPV of the private capital. In addition, the investment’s profitability can also be
measured by the profitability index (PI), which is calculated by the total inflows in present value
(PV), divided by the total outflows in PV. In BOT projects, the PI corresponds to the net percentage
profit for the private sector, as it takes into account all the net inflows divided by the relative outflows. These outflows are estimated with the sum of the initial investment for the infrastructure
construction and the capital that will be invested annually for various reasons, such as the payment
of the subcontracting agreements, or the loan repayments, etc. However, crucial in the financial
analysis is the loan’s interest rate as well as the inflation that is used to adjust cash flows in future
value (FV), because both have an impact on the investor’s annual net cash flows calculated through
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the inflows minus the relative outflows. Moreover, financial analysis includes the evaluation of the
project’s financial sustainability, which is a critical issue in all types of investment projects. It is
mentioned that a project is classified as financially sustainable, when it does not incur the risk of
running out of cash in the future. Therefore, the financial sustainability’s criterion is the annual cash
flows to be positive throughout the project’s time horizon for the project’s operator.
3.2 Quantitative risk analysis
QRA is the last step of the CBA and supports the total project’s evaluation process, simply by weighing the performance with the incurred risk. In BOT projects, risk allocation is a critical success
factor, while it is mentioned that the risks should be allocated to the sector that is best able to manage
them [29]. Specifically, it is suggested that the private sector should take the majority of the responsibilities for the project level risks and specifically to take the design, construction, and operation
risks. However, in all cases, a QRA is implemented through the calculation of the cumulative probability distribution functions of the main evaluation indicators, namely the NPV and the IRR. These
functions are analyzed by decision makers to asses the project’s risks during the feasibility stage
[30]. For instance, as shown by Ng et al. [31], in case the probability for negative NPV is higher than
a predefined level, then the examined scenario should be considered as risky and not be preferred,
otherwise, it should be selected.
In the literature, several methods for the investment’s QRA are suggested and some of the mostly
used techniques are the sensitivity analysis and the Monte Carlo simulation [32–34]. In the sensitivity analysis, different values are given separately to the variables to estimate the impact that each
variable has on the main evaluation indicators. Furthermore, the Monte Carlo simulation that is used
in various types of uncertainty analysis [35–37] defines the potential range of the evaluation indicators’ values graphically expressed as the evaluation indicators’ cumulative probability distribution
functions.
4 CASE STUDY: QRA AND FINANCIAL SUSTAINABILITY
ASSESSMENT OF A WT PROJECT IN GREECE
In this section, we consider an investment in the WT field, which is implemented through a BOT
contract and we examine its financial sustainability through the QRA. The project is located in
Greece and includes the reuse of well-purified waste water for multiple purposes after an intensive
tertiary treatment process. Particularly, the private participant is responsible for the construction of
wastewater treatment facilities for a city of 200,000 residents in the first year and the operation
of the assets for 20 years.
4.1 Initial investment, cash inflows and outflows
The initial investment cost for the construction of the WT facilities is estimated at 48,000,000,
which does not include general costs or profits. This cost is funded by the private sector through
a bank loan and is initially divided into annual equal flows throughout the project’s operational phase,
that is, 2,400,000 per year in PV. The annual operational cost for the first year of the operational
phase is estimated at 3,600,000 in PV, in which no general costs or profits are included. These costs
are considered as outflows for the private sector, while the annual payments from the public sector are
considered as inflows. Furthermore, the maintenance cost for the first year is estimated at 0.4% of the
initial investment cost, that is, 220,000 in PV. Other assumptions included in the financial analysis
is the loan’s fixed interest rate of 6.65%, while the annual payments are also fixed and the loan’s
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Figure 1: Process flowchart: investment assessment with the discounted cash flow analysis.
amortization period is equal to the project’s operational phase, that is, 20 years. Furthermore, the
discount rate that is used in the case study is 7.5%, which is normal in the Greek PPP market.
4.2 Financial indicators
All data are adjusted in FV following the inflation, which is considered 3%. In the financial analysis,
the process flowchart for the calculation of the evaluation indicators, namely the NPV, the IRR, and
the PI, is illustrated in Fig. 1. These indicators are calculated on behalf of the private sector, who is
the operator of the investment, to evaluate the project’s performance. Specifically, there are two
options:

•
•

If the NPV ≺ 0 IRR ≺ discount rate PI ≺ 1, then the project is unprofitable and should not be
accepted by the private investor and
If the NPV ≥ 0 IRR ≥ discount rate PI ≥ 1, then the project should be accepted.

4.3 Consideration of financial scenarios for different values of the PR
To estimate the annual payments by the public sector, there are two scenarios examined, where the
initially estimated costs are increased by 18% and 28%, respectively, according to the PR designated
by the legislation of public construction projects in Greece. These ratios are used in the project’s
budget estimation process to increase the costs arising through the tariffs specified by the Ministry
of Public Works, which contain specific articles for materials and works. Indicatively, the costs of
construction, electromechanical, and other works are summarized and increased by specific PRs,
that is, 18% for projects financed by the public investment program and 28% in other cases [38]. In
the present case study, the diagrams of the cash flows in FV for the scenarios of PR = 18% and PR
= 28% are illustrated in Fig. 2, while the calculations of the NPV and the PI for these scenarios, are
presented in Table 1.
The review of the diagrams in Fig. 2 focuses on the existence of a switching point, that is, the point
where the total inflows are equal to the relative outflows and where there is a change in the project’s
financial liquidity. Moreover, it is mentioned that the PI and the PR take different values, due to the
fact that the cash flows adjusted with the PR are counted in FV, while these cash flows are discounted
in PV with the use of the discount rate in the calculation of the PI evaluation indicator. Therefore, it
is expected that PI ≺ 1 + PR. As can be seen in Table 1, there is NPV 0 IRR discount rate PI 1.
However, even though the investment is profitable for the investor, both the examined scenarios, in
which the annual payments are adjusted in the PR = 18% and PR = 28%, are evaluated as financially
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Figure 2: Cash flow diagrams for different PR scenarios (18%; 28%; and 30.20%).
Table 1: Evaluation of the project's financial sustainability.
Financial Sustainability Assessment
Payments
adjusted at
(PR) (%)

Profitability
index
(PI)

Net present
value
(NPV)

Lack of
liquidity
(years)

Switching point
(start of year)

Availability
capital
(year)

18
28
30.20

1.01417 > 1
1.10012 > 1
1.11903 > 1

+ 1,350,000
+ 9,530,000
+ 11,330,000

0–7
0–2
–

8th year
3rd year
–

8–20
3–20
0–20

unsustainable. This is demonstrated according to the diagrams illustrated in Fig. 2, where there is a
lack of liquidity for the first 2 and 7 years of the operational phase, respectively.
Furthermore, we use the following Formula (1), which is developed by Sotirchos et al. [9]:
c × (1 + r ) +
PR ≥

a
n

1

∑ (1 + p)
1

a
( + c) × (1 + r )
v

n

− 1,

(1)

where: a = capital funded through loan, v = operational phase (in years), c = annual operating costs,
r = interest rate (inflation), p = loan’s interest rate (fixed), and n = loan’s amortization period (in years).
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According to the values used in the case study, that is, a = 48,000,000.00; v = 20.00; c =
3,820,000.00; r = 3.00%; p = 6.65%; and n = 20.00, Formula (1) gives PR ≥ 30.20%.
The 30.20% is the PR’s minimum value to achieve positive cash flows throughout the project’s
operational phase, ensuring the partnership’s financial sustainability. Particularly, with the use of
this value for the adjustment of the annual payments by the public sector, the results presented in
Table 1 and Fig. 2, demonstrate that the specific scenario is financially sustainable.
However, the main limitation in the above calculations is that variables get only their most probable values and no forecasts are considered regarding their variations. That is, in the following
subsection we implement the QRA for the specific WT project to study the probability of the project’s financial sustainability as well as its performance on behalf of the private investor.
4.4 Quantitative risk analysis
Initially, we use Formula (1) to implement the sensitivity analysis of the PR’s minimum value.
Specifically, the base case values of the variables: capital funded through loan; operational phase
(in years); annual operating costs; inflation; loan’s interest rate, are increased and decreased by
15% and we examine the impact that these variations have on the PR’s minimum value. The results
are illustrated in Fig. 3. As can be seen, the project’s operational phase has greater impact on the
PR’s value, which is initially estimated at 30.20%, because a change of ± 15% in the variable’s
value that is 20 years, that is, 17 and 23 years respectively, has a total variation of 15.2241%, that
is, it minimizes and maximizes the PR’s minimum value from 21.9216% to 37.1457%. Further,
while the impact of the loan’s interest rate is 10.8220%, the relative impact of the operational cost
is 5.5983%, and the impact of the initial investment and the inflation are counted at 5.5744% and
0.609%, respectively.

Figure 3: Sensitivity analysis of the PR’s minimum value.
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Table 2: Probability distribution of the project’s variables.
Variables

Units

Probability Minimum Base case Maximum
distributions
value
value
value

Operational phase (Years) Triangular
Loan’s interest rate
(%)
Normal
Operational cost
( )
Triangular
Initial investment (× 1,000) Triangular
( )
Inflation
(%)
PERT

17

20
23
µ = 6.65%, σ = 0.15
350,000 382,000 450,000
42,000
48,000
58,000
1.50

3.00

5.50

These results give rise to the concept that Monte Carlo simulation should be used for a more
detailed approximation of the potential result. We mention that a variable’s impact on the PR’s
minimum value is calculated when the other variables retain their base case values. Thus, there are
different probability distribution functions assigned to each one of the variables in Formula (1) to
develop a Monte Carlo simulation model and to calculate the overall impact of the variables on the
project’s performance. These distributions are presented in Table 2.
Furthermore, a Monte Carlo simulation model is developed where the variables illustrated in
Table 2 are defined as inputs while the private sector’s NPV is defined as output, respectively. Moreover, there are three different PR scenarios, which are evaluated according to the Monte Carlo
simulation model. These are the PR = 18%, PR = 28%, and PR = 30.2%, which result in the NPV(18%),
NPV(28%), and NPV(30.2%), respectively. The simulation is performed with 5,000 runs using random
quantities of the defined inputs [39, 40], so that the overall impact of the project’s variables is taken
into account and the possible range of the NPV(18%), NPV(28%), and NPV(30.2%) evaluation indicators
is calculated, graphically expressed as the cumulative probability distribution functions. These functions are illustrated in Fig. 4.
Through the simulation, the evaluation indicator’s expected value for each PR scenario is estimated,
which is defined as the sum of all possible values of the NPV where each value multiplied by its probability of occurrence. As can be seen in Fig. 4, the expected value of the NPV(18%) = –66,244 , while
the relative expected values of the other PR scenarios are estimated: NPV(28%) = 7,679,055 and
NPV(30.2%) = 9,514,183 . This means that the first scenario, where the annual payments by the public
sector are increased at the PR of 18%, is expected to be unprofitable for the private sector. Furthermore,
we analyze the resulting cumulative probability distribution functions of the evaluation indicators in
two specific NPV values, which are the NPV = 0 and NPV = 10,000,000. Specifically, we estimate the
probability of the examined scenarios’ NPVs to get higher than these values. The results are illustrated
in Table 3.
As can be seen in Table 3, for the first PR scenario, where the annual payments by the public sector are adjusted at the PR = 18%, there is 48.28% probability for the NPV(18%) to be positive, that is,
there is (100–48.28)% = 51.72% to be negative. Moreover, for the second and third scenarios, where
the annual payments are adjusted at the PR = 28% and PR = 30.2%, respectively, the probability for
the NPV(28%) ≥ 0 is estimated at 83.86% and the relative probability for the NPV(30.2%) ≥ 0
is estimated at 88.90%. These results demonstrate that the probability of the investment to be unprofitable is (100–83.86)% = 16.14% and (100–88.90)% = 11.10%, for the second and third scenarios,
respectively.
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Figure 4: Cumulative probability distribution functions for different PR scenarios.

Table 3: Analysis of the cumulative probability distribution functions.
Payments adjusted at
the PR
18
28
30.20

Probability of
NPV’s expected value
–662,443.5
+7,679,055.0
+9,514,185.0

NPV ≥ 0 (%)
48.28
83.86
88.90

NPV ≥ 10,000,000 (%)
8.06
39.69
49.001

Therefore, according to the results presented in Table 3, we conclude that the use of Formula (1),
not only ensures the partnership’s financial sustainability, but also has a positive impact on the
project’s performance, as the probability of the is increased or the relative probability of the is
decreased.
5 DISCUSSION
The incurred conclusion is that in the WT projects implemented through BOT contracts in Greece,
where the bank loan’s interest rate is fixed and the annual payments are equal, it is inefficient to follow the conventional public procurement process to estimate the project’s budget, that is, to increase
the estimated costs with a PR of 18% or 28%. Therefore, Formula (1) that is developed by Sotirchos
et al. [9], can be a useful tool to public decision makers, as it computes the PR’s minimum value to
achieve positive cash flows throughout the project’s operational phase and to ensure the partnership’s financial sustainability. However, the specific formula can be used similarly in other investment
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types, for example, in cooperative agreements among two or more partners [41] or for the calculation of the appropriate PR in selling products.
Herein, we examine the results arising through this formula to demonstrate that there is also
a positive impact on the project’s performance. Particularly, we use a basic method for the investment
assessment that is the discounted cash flow analysis, where the main evaluation indicators used is the
NPV, the IRR, and the PI. A specific case study is presented, where a WT project implemented in
Greece through a BOT contract is examined. Initially, the project’s financial analysis is implemented,
where the scenarios for the payments by the public sector are adjusted in the PR of 18% and 28%,
as obliged by the Greek law on conventional public projects procurement, but are evaluated as financially unsustainable. Furthermore, we use the variables included in the specific formula and
implement the QRA for the above scenarios (PR = 18% and PR = 28%) as well as the scenario calculated through the formula (PR = 302.2%). In the QRA, the sensitivity analysis of the project’s
variables is implemented, where the project’s variables are classified according to their impact on the
project’s performance. In addition, specific probability distributions are assigned to these variables
and a Monte Carlo simulation model is developed, where the variables are defined as inputs and the
NPV evaluation indicator is defined as output. The Monte Carlo simulation is performed once for the
three PR scenarios and the resulting cumulative probability distribution functions of the NPV(18%),
NPV(28%), and NPV(30.2%) are further analyzed.
6 CONCLUSIONS
This research, having as a strong theoretical foundation of the QRA approach, as presented in the
EC’s guide to CBA for investment projects, examines a formula for the computation of the investor’s
PR in WT projects that follow BOT contracts in Greece. The examined formula calculates the PR’s
minimum value, which results in positive cash flows throughout the project’s operational phase,
ensuring the partnership’s financial sustainability. A QRA is implemented, which includes the sensitivity analysis of the formula’s variables and the Monte Carlo simulation of three different PR
scenarios. Through the QRA, it is concluded that the examined formula ensures the partnership’s
financial sustainability and increases the probability of the project to be profitable for the investor.
Conclusively, the specific formula as well as the method that is used for the QRA can be very useful
to the investment analysts, as it helps them to estimate with accuracy the WT project’s initial budget
and to evaluate alternative PR scenarios.
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