
 

 

  

Abstract— This paper examines the feasibility stage of Public 

Private Partnerships (PPPs) and specifically the evaluation of the 

public sector’s contribution in the project’s funding scheme. We 

focus on those PPP projects, where the initial investment is funded 

by both public and private parts and revenues are shared between the 

two. Generally, a basic step of a PPP project appraisal is the risk 

analysis process, where the probability that the partners’ evaluation 

indicators will take positive values is calculated. Herein, a risk based 

process is presented, which estimates the range of the public and 

private sectors’ funding contribution ratios in a PPP, so that the 

investment is profitable for both parties at a given level of probability 

(in the case study presented here 95%). The proposed process can be 

a useful tool to the public decision makers during the feasibility stage 

of a PPP project, because it helps them to select the appropriate 

funding scheme which strengths the partnership’s financial viability 

and to free up money to invest in other areas of public interest. 

Keywords— decision making, funding scheme evaluation, public 

private partnerships, Monte Carlo simulation 

I. INTRODUCTION 

VER recent decades, traditional public procurement 

methods have been developed following the Public 

Private Partnership (PPP) type. Globally, many governments 

use various contracts for the implementation of PPP, while the 

number of PPP projects is being rapidly increased [1]. PPP 

appears to have no clear definition [2], while a common point 

among different definitions given by scholars is that a PPP 

contract should take into account appropriate risk-sharing 

between private and public parties [3], while the revenues can 

be shared between the two. Generally, among several methods 

that are suggested in the literature for the initial evaluation of 

PPP [4], the cost benefit analysis (CBA) is preferred by the 

UNECE [5]. However, one of the most critical issues that are 

examined in a project’s feasibility stage is the project’s 

financial viability, which is a critical success factors in PPPs 

[6]-[7]. The CBA methodology, as presented in European 

Commission’s guide [8], focus on the project’s financial 

analysis (FA) and risk analysis (RA). Moreover, main criterion 
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for positive project’s financial viability evaluation is that the 

partners’ financial indicators, namely Net Present Value 

(NPV) and Internal Rate of Return (IRR), which are calculated 

in the FA and the RA, take positive values and demonstrate 

that the project is expected to be profitable for both of them. 

However, especially in PPPs, where the initial investment is 

too high and one form of the public support in the contract is 

the sharing of the invested capital [9], crucial in the FA and 

RA, is the funding contribution ratios of the public and private 

participants in the investment. Taking into consideration that 

the shortage of the public funding is a major driver force for 

the implementation of a PPP [7], as the public funds are not 

big enough to afford large infrastructure projects, it is 

important to have the appropriate public funding, in order to 

free up money to invest in other areas of public interest [10]. 

Determination of certain contribution ratios for each of the 

participants will be called in this paper a ‘funding scheme’. 

Generally, the literature includes several papers that examine 

the PPP characteristics and propose models either for different 

financing scenarios [11]-[12], or risk models for the evaluation 

of the concession period [13]. However, Tang et al. [14], who 

reviewed 110 PPP studies, suggest that the research should be 

focused on how to pursue the win-win scenario between the 

public and the private sector.  

Therefore, a risk based process, which calculates the range 

of the partners’ funding contributions ratios in the initial 

investment and further calculates the specific funding schemes 

that ensure the minimum target IRRs for the private sector at a 

given level of probability, will be a useful tool for the public 

decision makers (DMs) during the feasibility stage. Aim of this 

paper, is to present a process that estimates the impact of the 

risks on the project’s performance and calculates the range of 

the public and private funding contribution ratios in the initial 

investment, so as both the public and private parts evaluation 

indicators have positive values (i.e. to strength the financial 

viability of the partnership). The rest of this paper includes the 

review of the commonly used methods for the implementation 

of the FA and RA in section II, while a new risk based process 

for the funding scheme evaluation of PPPs is presented in 

section III. The proposed process is implemented in an 

illustrative case study for the funding scheme evaluation of a 

PPP project in section IV. Through the case study, the 

cumulative probability distribution functions of the public and 

private evaluation indicators are calculated according to 

alternative funding schemes of the initial investment and the 
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results as well as useful conclusions are discussed in section V.   

II. FINANCIAL ANALYSIS AND RISK ANALYSIS IN PPP  

A. Financial Analysis in PPPs 

Due to the fact that a PPP usually has a time horizon of 20-

30 years [15], the most commonly used method for the FA is 

the discounted cash flow analysis, where future cash flows 

arising in different years of the project’s lifecycle are 

discounted to present value [3]-[12]. Aim of the FA is to 

estimate the future cash flows and to calculate the NPV and 

the IRR, which are the main evaluation indicators in a 

project’s decision making process. According to [8], it is 

suggested that the FA of PPP, should include calculations of 

the NPVpu and the NPVpr evaluation indicators, respectively 

for the public (pu) and the private (pr) parties, showing how 

the improved financial performance of the project is shared 

between them. Generally, the decision criterion for 

undertaking a project is the positive value of the NPVs for all 

participants, or/ and the IRRs to get higher than the discount 

rate values. In PPPs, where there is a high initial investment, 

these indicators are influenced strongly by the investment’s 

funding scheme (i.e. the funding contribution ratios of the 

public and private parties).  

B. Risk Analysis in PPPs 

RA follows the FA and supports the total project’s 

evaluation process, simply by weighting the performance with 

the incurred risk. According to [6], risk allocation is another 

critical success factor in PPP and the risks should be allocated 

to those parties that are best able to manage them. 

Furthermore, it is suggested that the private sector should take 

the majority of responsibilities for the project level risks [16] 

and particularly to take the design, construction and operation 

risks [17]. However, in all cases, the RA 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 used by the 

DMs to asses the project’s risks during the feasibility stage 

[18]. For instance, as shown by [19], in case that the 

probability for negative NPV is higher than a pre-defined 

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 

quantitative RA are suggested and some of the mostly used 

techniques are the sensitivity analysis and the Monte Carlo 

Simulation (MCS). In the sensitivity analysis different values 

are given separately to the variables, in order to calculate the 

impact that each variable has on the main evaluation indicators 

[20]. Total results of this process are illustrated in a graph, so 

as the DMs can have a comparable view of the variables and 

distinguish those with the higher impact on the project. On the 

other hand, main limitation of the sensitivity analysis is that it 

estimates only the impact from variables’ changes in the 

project’s evaluation indicators, while no forecasts for the 

variables values are taken into account [21]. In order to assess 

the project’s variables behavior, the MCS is proposed for the 

evaluation of PPP projects [22]. However, enforcement of 

MCS aims at defining the possible range of the evaluation 

indicators values, taking into account the influence of a 

number of input variables [23] – [24]. Specifically, in cases 

that there are no details of the variables’ past behavior, the 

probability distribution that should be preferred is the 

triangular one [8]-[25]. This distribution is developed with the 

use of the well known three point estimate for each variable as 

inputs (minimum, maximum and most probable value). With 

the use of the MCS the procedure results in the definition of 

the potential range of the evaluation indicators values, 

graphically expressed as the cumulative probability 

distribution function [26] – [27]. 

III. RISK-BASED PROCESS FOR FUNDING SCHEME EVALUATION 

OF PPP 

In Figure 1 is illustrated the flowchart of a new process, 

which can be used by DMs during the feasibility stage of a 

PPP, in order to come up with a mutually beneficial outcome 

for both the public and private sectors. The process applies 

mostly to those PPPs, where the project’s revenues as well as 

the initial investment’s funding are shared between the 

cooperative parties, while the operational risks are allocated to 

the private sector. Initially, the process suggests that after the 

implementation of the FA, the public DMs define a specific 

percentile for the cumulative probability distribution functions 

of the NPVpu and NPVpr, namely ‘x’, where x Є (0,1). The ‘x’ 

percentile is the control criterion and defines the wish of the 

DMs that the NPVpu (X>x) and NPVpr (X>x) > 0 for each X Є 

(x, 1]. That is, there is 1-x probability that the NPV for both 

the public and private sector will be positive. Next step is to 

select an initial funding contribution ratio for each of the 

participants and calculate the cumulative probability 

distribution functions of the NPVpu and NPVpr through the 

MCS technique. Right after that the DMs calculate NPVpu (x) 

and NPVpr (x). The process continues to perform iterations by 

testing different funding schemes (gradually increasing/ 

decreasing the funding contribution ratios of public/private 

parties) until both ‘switching funding schemes’ have been 

determined. The first switching scheme occurs when NPVpu 

(x) = 0 and NPVpr (x) > 0, and the second when NPVpu (x) > 0 

and NPVpr (x) = 0. All the funding schemes included in these 

switching funding schemes are financial viable, as there is at 

least 1– x probability for the project to be profitable for both 

public and private parties. Moreover, public DMs can use the 

proposed process in order to calculate accurately the funding 

schemes that correspond to a minimum target IRR for the 

private sector. Specifically, if they wish to calculate the 

funding schemes with which the private sector will achieve at 

least a 13%, or 15%, or 18% IRR with a 1– x probability, then 

they should run the process three times, by taking as the 

discount rate the 13%, the 15% and the 18%, respectively. The 

switching funding schemes, where the NPVpu (x) > 0 and 

NPVpr (x) = 0 that result each time, are the three funding 

schemes, which ensure with a 1– x probability that the private  
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party will get at least a 13%, 15% and 18% IRR, respectively.  

Therefore, DMs can examine whether the available public 

funds are big enough for the project’s implementation and if 

yes, they are able to select a specific funding scheme that 

allows them to free up money to invest in other areas of public 

interest. In the next section, a case study is presented for the 

illustration of the proposed process.   

IV. IMPLEMENTING THE PROPOSED RISK BASED PROCESS 

A. Case Description 

The illustrative case study is presented here not to expose a 

real situation but rather to guide the reader towards how to 

implement the proposed risk based process. The case is 

regarded to be a BOT type project, which is probably the most 

commonly used type in PPPs [3] - [28]. The project concerns 

wastewater treatment investment, for the reuse of well purified 

waste water for multiple purposes after an intensive tertiary 

treatment process. It includes the construction of a new water 

purifier for a city of 190,000 residents in the initial year, with 

the population growing at 0.5% annually. The initial 

investment is funded by both the public and private parties and 

the service fee paid to the private sector is fixed. During the 

feasibility stage of the project, the local public authorities have 

a specific capital that can be invested in this project. Thus, 

they decide to evaluate alternative funding schemes by the 

public and private sectors, in order to estimate all the financial 

viable funding schemes and to select a specific funding scheme 

that helps them to free up money to invest in other projects.  

BOT projects include the infrastructure construction and the 

operation of the assets, so the specific project is divided in a 2 

year construction phase and 18 year operational phase. Only 

financial inflows and outflows are considered, so value added 

tax, depreciation of fixed assets and other accounting tools are 

not counted, not as a limitation of the process but for the sake 

of simplicity. Furthermore, the initial investment cost is 

estimated at €30 million and the operational expenditures 

(employment part) for the first year of the operational phase 

are estimated at €378,000 (15 persons, €25,200/person/year). 

On the other hand, the non-employment annual operational 

costs are estimated at €100,000 while the life-cycle cost that 

includes the annual investments during the operational phase 

to maintain the asset, are estimated at €450,000. All these 

costs follow a 2.5% escalator rate, i.e. the inflation. The initial 

investment costs are funded by both public and private parties 

(the funding contributions ratios is the question), the 

operational costs are covered by the private sector, while its 

inflows are the annual payments from the public sector. Taking 

into consideration that the daily water actual supply is 

estimated at 200 lt/resident with a reduction factor of 0.8 due 

to water network leakages, while the purification charge will 

be €0.32/m
3
, the expected revenues in the first year of the 

operational phase are calculated as: (190,000)(200)(365)(0.8) / 

(1000)(0.32)=3,550,720 €, which is increased by 3% annually 

(2.5% the inflation and growing population - demand 0.5%). 

Revenues will be collected by the public party and the service 

fee paid to private sector is 80% of the purification charge. 

Moreover, the nominal discount rate that is used in the case 

study is 6.09% [29]. 

B. Base case funding scheme 

Initially, a base case funding scheme is examined, where the 

private sector’s funding contribution ratio in the initial 

investment is 80% and the rest 20% is covered by the public 

sector, i.e. equal to the fixed revenue sharing ratios. It should 

be mentioned here that half of the public funds are given by a 

national fund (10% of the total initial investment) and the 

other half by the local public capital. Additionally, 10% of the 

private financing is given by equity and 90% by loan with a 

5% interest rate and 10 years amortization period (8% and 

72% of the total initial investment, respectively). The FA is 

implemented and the results illustrated in Table I, show that 

the 80%-20% funding scheme is financial viable, because both 

the NPVpu and NPVpr indicators take positive values. 

C. Risk analysis with the process 

Among the project’s variables that are used for the 

calculation of the evaluation indicators (NPV, IRR), those that 

may substantially volatile is the initial investment cost, the 

inflation, the labor cost, the non employment operational cost, 

the life-cycle cost and the loan’s interest rate. The sensitivity 

analysis diagrams for the NPVpu and the NPVpr evaluation 

indicators in the current case study are presented in Figure 2. 

 

Fig. 1.  Risk based process flowchart. 
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Through these diagrams, it is demonstrated that all the 

variables have greater absolute impact on the NPVpr than on 

the NPVpu. The differentiation spotted by the sensitivity 

analysis gives rise to the concept that MCS should be used for 

a more detailed approximation of the potential result. 

 Following the proposed process (refer to Figure 1), the ‘x’ 

is defined as 5%, so the 1 – x = 95% is the wishful probability 

for positive NPVs for both parties. Since the initial funding 

scheme has been regarded as 80% / 20% (private / public), 

next step is the calculation of the cumulative probability with 

the MCS. For each one of the aforementioned project 

variables, the triangular distribution has been used to estimate 

the potential volatility of the variable. The triangular 

distribution takes three values; the minimum, the most 

probable and the maximum value for each variable, as 

presented in Table II.  

The resulting cumulative probability distribution diagrams 

of the partners’ evaluation indicators show that the NPVpu will 

be higher than €5,164,450 with a probability of 95% and its 

mean value is 5,701,231, while the relative mean value for the 

private sector’s evaluation indicator is 2,146,849. The ‘x
th

’ 

percentile for private sector is negative NPVpu (5%) = -

587,230. Moreover, the probability that the evaluation 

indicators will have negative values is 0% for the NPVpu and 

9.69% for the NPVpr. These results lead to the conclusion that 

the base case funding scheme of the initial investment, where 

the funding contribution ratios is 80% for the private and the 

20% for the public sector, cannot be characterized as financial 

viable, because there is a 9.69% probability to be unprofitable 

for one of the partners. It should be reminded here, that the 

NPV (5%) > 0 constraint is logical, however indicative and 

can change by DMs. Since we have not achieved to determine 

the switching scenarios, the process starts iterating and 

evaluates alternative funding schemes for the initial 

investment, in order to determine the switching funding 

schemes. This procedure includes the repeated use of the MCS 

technique under alternative funding schemes. In this case the 

funding schemes examined for the public-private parties are: 

95%-5%, 80%-20%, 70%-30%, ….., 20%-80%, 5%-95%. The 

results are illustrated in Figure 3, where each cross represents 

a different funding scheme. For each of the alternative funding 

schemes, there is the expected value point of the NPVpu and 

the NPVpr evaluation indicators (center of the cross) and 

further their 90% probability ranges, from NPV (5%) to NPV 

(95%), which are illustrated through the horizontal and vertical 

TABLE I 

BASE CASE FUNDING SCHEME 

Symbol 

Funding contribution 

ratio in the initial 

investment 

Value 

Public Contribution   

Local Public Equity (10%) 3,000,000 € 

National/ Regional Fund (10%) 3,000,000 € 

Total (20%) 6,000,000 € 

Private Contribution 
  

Equity (8%) 2,400,000 € 

Loan (72%) 21,600,000 € 

Total (80%) 24,000,000 € 

Initial Investment 100% 30,000,000 € 

 NPV IRR 

Local public equity (pu) +5,678,450 +23.37%   

Private equity (pr) +2,621,510 +9.04% 

 

TABLE II 

VARIABLES’ VALUES IN TRIANGULAR DISTRIBUTIONS (COSTS IN €) 

 

Variable 
Minimum 

Value 

Most 

probable  

Maximum 

Value 

Mean 

Value 

Inflation (%) 1.5 2.5 4.0 2.67 

Annual labor cost 352,800 378,000 453,600 394,800 

Annual Operational 

cost     
90,000 100,000 150,000 113,330 

Annual life cycle cost 350,000 450,000 600,000 466,670 

Construction cost 28,500,000 30,000,000 34,500,000 31.000,000 

Loan’s Interest (%) 2.0 5.0 6.5 4.5 

 

 
Fig. 2.  Sensitivity analysis of the public and private sector's 

evaluation indicators 
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lines respectively for the public and private sectors. 

 

Generally, the DMs control criterion for the selection 

among alternative funding schemes is that both the evaluation 

indicators, NPVpu and NPVpr, should be positive, not only in 

their expected values, but also in the predefined probability 1 – 

x. Specifically, the funding scheme where both the evaluation 

indicators have positive values for NPV(5%) (95% probability 

of being positive), as it is calculated by the MCS, can be 

characterized as a financial viable funding scheme. On the 

other hand, the funding scheme where one of the evaluation 

indicators may take negative values, even if the NPV (5%) > 0, 

should be regarded as risky, due to the fact that there is 

probability that the project will be unprofitable for one of the 

partners. Furthermore, the two switching funding schemes, 

where in between rest all the financial viable funding schemes, 

are calculated following the trial and error method. These 

schemes occur, when for a funding scheme that is tested, the 

NPV (x) value is equal to zero for one partner and positive for 

the other. Indicatively, the first switching funding scheme 

occurs when the NPVpu (x) = 0 and the NPVpr (x) > 0 and the 

second switching scheme occurs when the NPVpu (x) > 0 and 

the NPVpr (x) = 0. In the current case study, the resulting 

switching funding schemes are the funding contribution ratio 

of 54.6% in the initial investment by the public sector, while 

the ratio for the private sector is 45.4% and the second 

switching funding scheme is the 22.0% by the public and 

78.0% by the private sector contribution ratios. Any of the 

alternative funding schemes which are included between the 

two switching funding schemes can be selected by the public 

DMs, as it is satisfied the control criterion NPVpu (X>x) and 

NPVpr (X>x) > 0 for each X Є (x, 1]. An optical representation 

of the financial viable funding schemes in this case study is 

presented in Figure 4.  

As can be seen, the funding schemes ranging from 95%-5% 

to 54.6%-45.4% include all the lose – win funding schemes, 

those ranging from 22%-78% to 5%-95% include the win – 

lose funding schemes and those ranging from 54.6%-45.4% to 

22%-78% (between the two switching funding schemes), 

include the financial viable or the win – win funding schemes 

for the initial investment. Thus, the public party should select 

the funding scheme that will not exceed the 54,6% initial 

funding on behalf of it and also should take into account that a 

contribution of less than 22% will lead to an unfavorable 

outcome for the private sector.  

Conclusively, public DMs are able to compare the available 

public funds with the range that is calculated with the process 

and to select an option that not only satisfies the project’s 

financial viability criterion, i.e. the win-win scenario for both 

the public and private parties, but further it can free up money 

to invest in other areas of public interest. It should be stressed 

here that the viability of the PPPs is based on mutual benefits, 

thus a fair decision for both parties involved.   

V. CONCLUSIONS 

PPPs are contract types that are used worldwide over the 

last decades, while it is expected that due to fiscal limitations, 

PPPs will continue to play an important role in future public 

procurement. This paper examines the funding scheme 

evaluation process, implemented by DMs during the feasibility 

 
Fig. 4.  Alternative funding schemes of the initial investment 

 
Fig. 3.  Alternative funding schemes of the initial investment 
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stage of a PPP. A risk based process is presented, which 

includes the steps that the DMs can follow, in order to evaluate 

the funding contribution ratios by the public and private 

parties in the initial investment, so the investment will be 

profitable for both. The process takes into consideration the 

risks that are allocated to the partners and estimates through 

the MCS process the switching funding schemes that include 

all the project’s financial viable funding schemes at a 

predefined level of probability (wishful probability for positive 

evaluation indicators). An illustrative case study with the 

implementation of the process is used and the base case 

funding scheme, in which the initial investment’s funding 

ratios are equal to the revenue sharing ratios, is evaluated as 

financial unviable, because there is a 9.69% probability to be 

unprofitable for one of the partners. Furthermore, by following 

the proposed process and with the constraint put on 95% 

probability of the evaluation indicators being positive, the 

switching funding schemes are calculated, while it is 

demonstrated that the specific schemes present the range in 

which all the financial viable funding schemes rest inside. 

Conclusively, the switching funding schemes which are 

calculated with the use of the process in a PPP project, present 

the range including the entire win – win funding schemes by 

the public and the private sectors, which ensure the financial 

viability of the partnership as a whole. The new process can be 

a useful tool to DMs during the feasibility stage of a PPP 

project, as it helps them to select a financial viable funding 

scheme that will be fair for both partners and allows them to 

free up public funds to invest in other areas of public interest. 

Future research can be focused on a generalized model, for the 

quantitative risk assessment in all types of cooperative 

agreements. This model will define the equal risk-sharing 

between two or more partners. 

REFERENCES   

[1] I. Ruuska, and R. Teigland, ‘‘Ensuring project success through 

collective competence and creative conflict in public–private 

partnerships – A case study of Bygga Villa, a Swedish triple helix e-

government initiative’’, Int. J. Project Manage., vol. 27, no. 4, pp. 323-

334, 2009. 

[2] C. Jacobson, and S. O. Choi, ‘‘Success factors: public works and 

public-private partnerships’’, Int. J. Public Sect. Manage. vol. 21, no. 6, 

pp. 637-657, 2008. 

[3] A. Sotirchos, A. C. Karmperis, K. Aravossis, and I. Tatsiopoulos, 

‘‘Financial sustainability of the waste treatment projects that follow PPP 

contracts in Greece: a formula for the calculation of the profit rate’’, 

Ecosystems and Sustainable Development VIII, WIT Transactions on 

Ecology and the Environment, vol. 144, eds. Y. Villacampa & C.A. 

Brebbia, WIT Press: Southampton, pp. 285–299, 2011. 

[4] D. Grimsey, and M. K. Lewis, ‘‘Are Public Private Partnerships value 

for money? Evaluating alternative approaches and comparing academic 

and practitioner views’’, Account.  Forum, vol. 29, no. 4, pp.345–378, 

2005. 

[5] UNECE, ‘‘Guidebook on Promoting Good Governance in Public 

Private Partnerships’’ United Nations Economic Commission for 

Europe, Geneva, 2008, pp. 60-61. 

[6] X. Zhang, ‘‘Critical Success Factors for PPP in Infrastructure 

Development’’, J. Constr. Eng. Manage, vol. 131, no.1, pp. 3-14, 2005. 

[7] Y. Ke, X. Liu, and S. Wang, ‘’Equitable Financial Evaluation Method 

for Public-Private Partnership Projects’’, Tsinghua Sc. Tech., vol. 13, 

no.5, pp.702-707, 2008. 

[8] European Commission, ‘‘Guide to Cost-Benefit Analysis of Investment 

Projects’’ Directorate General Regional Policy, Brussels, 2008, pp.13-

15, 41-42, 99, 233-239. 

[9] R. Takashima, K. Yagi, and H. Takamori, (2010). ‘’Government 

guarantees and risk sharing in public–private partnerships’’ Rev. Fin. 

Econ., vol. 19, no.2, pp.78–83, 2010. 

[10] A. Ng, and M. Loosemore, ‘‘Risk allocation in the private provision of 

public infrastructure’’, Int. J. Project Manage., vol.25, no.1, pp.66–76, 

2007. 

[11] D. A. Tsamboulas, and S. Kapros, S., ‘‘Freight village evaluation under 

uncertainty with public and private financing’’, Trans. Policy, vol. 10, 

no.2, pp.141-156, 2003. 

[12] A. C. Karmperis, A. Sotirchos, K. Aravossis, and I. Tatsiopoulos, 

‘‘Funding evaluation model for the implementation of wastewater 

treatment projects through Public Private Partnerships.’’ Environmental 

Economics and Investment Assessment III, WIT Transactions on 

Ecology and the Environment, vol. 131, K. Aravossis and C. Brebbia, 

eds, WIT Press, Southampton, pp.147–160, 2010. 

[13] S. Th. Ng, J., Xie, Y. K., Cheung, and M. Jefferies, ‘‘A simulation 

model for optimizing the concession period of public-private 

partnerships schemes’’ Int. J. Project Manage. , vol.25, no.8, pp.791-

798, 2007. 

[14] L. Tang, Q. Shen, and E. W. L. Cheng, ‘‘A review of studies on Public–

Private Partnership projects in the construction industry’’, Int. J. Project 

Manage., vol.28, no.7, pp.683-694, 2010.   

[15] A. B. Alonso-Conde, C. Brown, and J. Rojo-Suarez, ‘‘Public Private 

Partnerships: Incentives, risk transfer and real options’’, Rev. Fin. 

Econ., vol. 16, no.4, pp.335-349, 2007. 

[16] Y. Ke, S. Wang, A. P. C. Chan, and P. T. I. Lam, ‘‘Preferred risk 

allocation in China’s public–private partnership (PPP) projects’’, Int. J. 

Project Manage., vol.28, no.5, pp. 482–492, 2010. 

[17] L.-Y. Shen, A. Platten, and X.P. Deng, ‘‘Role of public private 

partnerships to manage risks in public sector projects in Hong Kong’’, 

Int. J. Project Manage., vol. 24, no.7, pp.587–594, 2006. 

[18] A. C. Karmperis, A. Sotirchos, K. Aravossis, and I. P. Tatsiopoulos, ‘‘A 

cooperative game theory approach for the equal profit and risk 

allocation, In: NAUN-2nd European Conference of Systems (ECS'11), 

Puerto De La Cruz, Tenerife, December 10-12, 2011, Tenerife. 

[19] S. T. Ng, J. Xie, M. Skitmore, and Y. K. Cheung, ‘‘A fuzzy simulation 

model for evaluating the concession items of public–private partnership 

schemes’’, Automat. Construct. , vol.17, no.1, pp.22–29, 2007. 

[20] H. E. Klingelhofer, ‘‘Investments in EOP - technologies and emissions 

trading – Results from a linear programming approach and sensitivity 

analysis’’, Euro. J. Opera. Res., vol.196, no.1, pp.370-383, 2009. 

[21] P. Belli, J. R. Anderson, H. N. Barnum, J. A. Dixon, and J.-P. Tan, 

‘‘Economic Analysis of Investment Operations, Analytical tools and 

Practical Applications’’, World Bank Institute Development Series, 

Washington D. C, 1997, pp. 85-88.  

[22] D. Grimsey, and M. K. Lewis, ‘‘Evaluating the risks of Public Private 

Partnerships for infrastructure projects’’, Int. J. Project Manage., vol. 

20, no.2, pp. 107-118, 2002. 

[23] A. Rentizelas, G. Tziralis, and K. Kirytopoulos, ‘‘Incorporating 

uncertainty in optimal investment decisions’’ World Rev. Entrepreneur. 

Manage. Sustain. Dev., vol. 3, no. 3/4, pp. 273-283, 2007. 

[24] G. Tziralis, K. Kirytopoulos, A. Rentizelas, and I. Tatsiopoulos, 

‘‘Holistic Investment Assessment: Optimization, Risk Appraisal and 

Decision Making’’. Manage. Dec. Econ., vol. 30, no. 6, pp.393-403, 

2009. 

[25] ADB, ‘‘Handbook for Integrating Risk Analysis in the Economic 

Analysis of Projects’’. Asian Development Bank, Philippines, 2002, 

pp.19, 87-96. 

[26] A. C. Karmperis, A. Sotirchos, K. Aravossis, and I. Tatsiopoulos, 

‘‘Waste management project’s alternatives: A risk-based multi-criteria 

assessment (RBMCA) approach’’, Waste Manage., vol. 32, no 1, pp. 

194-212, 2012.    

[27] V. Diamantas, K. Kirytopoulos, and V. Leopoulos, ‘‘Project's duration 

prediction: traditional tools or simulation?’’, World Rev. Entrepreneur. 

Manage. Sustain. Dev., vol. 3, no. 3/4, pp. 317-333, 2007. 

[28] X. Q. Zhang, and M. M. Kumaraswamy, ‘‘Hong Kong experience in 

managing BOT projects’’, J. Constr. Eng. Manage., vol.127, no.2, 

pp.154–162, 2001. 

[29] HM Treasury, ‘‘VfM Quantitative Assessment User Guide’’, 2007. 

Recent Researches in Applied Mathematics and Economics

ISBN: 978-1-61804-076-3 25




