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Abstract 

Sustainable development encompasses environmental, economic and social aspects, which should 

be considered in decision-making for environmental projects. This paper introduces a sustainable 

decision-making tool that can be used in cases where two different projects are compared and the 

Economic Net Present Value (ENPV) and Economic Rate of Return (ERR) methods provide 

contradictory results. A new process is presented, which combines the economic analysis that 

includes the ENPV and ERR criteria with the quantitative risk analysis that is used for handling the 

uncertainty included in project evaluation through the Monte Carlo simulation technique. 

Specifically, the Total Project's Uncertainty Index (TPUI) is used for rating the overall uncertainty 

included in each project. The process developed here can be a useful tool to decision-makers, as it 

helps them to compare alternative projects and to select the most sustainable.  
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1. INTRODUCTION 

 

The most commonly used method for investment evaluation is the discount cash flow analysis 

(DCFA) [1], where the discount rate is used for the adjustment of future flows in Present Value 

(PV) [2]. This method implies specific indicators for the project‟s assessment, which are the Net 

Present Value, where the project‟s acceptance criterion is the positive value for the NPV and the 

Internal Rate of Return, where the acceptance criterion is the IRR to be higher than the discount 

rate. Moreover, the mainly used method for environmental project evaluation is the Cost-Benefit 

analysis that includes the project‟s Economic Analysis (ECA), which appraises the project‟s 

contribution to the economic welfare of the country and is made on behalf of the whole of society. 

In the ECA, the evaluation indicators are the Economic Net Present Value (ENPV) and the 

Economic Rate of Return (ERR). These indicators take into account the economic (shadow) prices 

as well as the project‟s environmental impacts (positive or negative), while the social discount rate 

is used for the adjustment of future flows in PV. Moreover, these indicators can be applied not only 

to the evaluation of a single project, but also to the evaluation of two different investments. Many 

authors analyze their advantages and limitations [3, 4], while others have reported on their 

connectivity [5] and the results arising form their comparison [6, 7]. Specifically, when evaluating 

different projects, it is desirable to calculate both the evaluation indicators for all the examined 

scenarios at the same time horizon. The scenario that is selected, is the one where both the 

evaluation indicators are higher than the relative indicators of the rest projects, i.e. the ENPV of the 

selected scenario is positive and higher than the ENPVs of the other scenarios and further, the ERR 

of the selected scenario takes higher value than the social discount rate and the other projects‟ 

ERRs. However, there may be cases where these indicators present contradictory results, e.g. in the 

evaluation of project A and project B, one project is preferable following the ENPV criterion, while 

another project is preferable following the ERR criterion, i.e. ENPVA > ENPVB > 0 and the social 

discount rate < ERRA < ERRB. 
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2. FORECASTING AND UNCERTAINTY ANALYSIS METHODS    

 

It is mentioned that the values used in the ECA, are nothing more than results obtained from a series 

of forecasting on the project‟s variables values, i.e. the initial cost, the implementation time, the 

operating costs, the demand and the revenues, the environmental impacts, etc. Consequently, in 

cases where two or more alternative projects are analyzed and especially in cases where the ENPV 

and ERR indicators have controversial results, best approach is to further implement the uncertainty 

analysis of the examined options, as the extent of uncertainty is directly related to the possible 

outcomes of the project [8]. In this paper, it is preferred to use the term uncertainty which represents 

either threats or opportunities [9], instead of the term risk, which in most cases includes the 

dimension of a threat [10]. In the literature, the most widely used method for handling uncertainty is 

the Monte Carlo simulation [11]. Moreover, the predictability level is very low when empirical data 

are used [12], while many authors point out the existence of „‟Fat Tails‟‟ [13, 14], in the forecasts 

that are made for the variables‟ behavior (see example in Figure 1).  
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Figure 1. Example of “Fat Tails” in a Probability Distribution 

 

3. A PROCESS FOR SUSTAINABLE DECISION MAKING    

 

The aim of this paper is to present a process that can be used in cases where the ENPV and ERR 

indicators give contradictory results and also it is difficult to identify and analyze all projects‟ 

variables. The proposed process includes a new index, the „‟Total Project‟s Uncertainty Index‟‟ 

(TPUI), where TPUI Є (0, 1). This index is used in each project by the project examiner, after the 

qualitative evaluation of the project‟s uncertainty, following the criterion of proportionality, i.e. the 

greater the uncertainty about the project‟s critical factors, the higher value the TPUI index takes. 

This assessment should consider the complexity of the identified variables, the magnitude of their 

impact using, the time constraints, the political parameters and the market regulation. In other 

words, the value of the TPUI index is based on the experience and the expertise of project 

examiners. In cases where the examined projects have similar scope and parameters, these indexes 

may receive the same values. The flowchart of the proposed process is illustrated in Figure 2.  

 

4. AN ILLUSTRATIVE CASE STUDY 

 

The illustrative case study includes the evaluation of two projects, in which the most probable 

values of their cash flows give contradictory results, i.e. 0 < ENPVA < ENPVB and (social discount 

rate) < ERRB < ERRA. It is assumed that project A concerns a construction project, (with fixed 

annual revenues) and project B is a service supply investment. Moreover, it is assumed that after a 

qualitative assessment, the uncertainty which lies in project B is quite small, so TPUIB = 0,2 = 20%, 

while the relative uncertainty for project A is higher and TPUIA = 0,3 = 30%. The proposed process 

includes the use of TPUIA and TPUIB in the spreadsheet. The future cash flows of the A and B 

projects, are increased and decreased, multiplied by the (1+TPUIA), (1-TPUIA) values and the 

(1+TPUIB), (1- TPUIB) values respectively. The resulting values are discounted using the same 

social discount rate, and the ENPV range is calculated for each project: ENPVA
(min.)

 , ENPVA
(m.p.)

  

and ENPVA
(max.)

 for project A and ENPVB
(min.)

 , ENPVB
(m.p.)

  and ENPVB
(max.)

 for project B 

respectively. The calculations are presented in Tables 2 and 3, for projects A and B respectively. 
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Figure 2. Process flowchart 

 

Table 1. Projects ΄΄A΄΄ and ΄΄B΄΄ annual economic flows (Most Probable values) 

 Project ΄΄Α΄΄ (Social discount rate: 5%) 

 Initial Investment 1
ο
 2

ο
 3

ο
 4

ο
 5

ο
   

Future Value -17.5 5 5 5 5 5 NPVΑ IRRΑ 

Present Value -17.5 4,76 4,53 4,31 4,11 3,91 4,14 13,20% 

 Project ΄΄Β΄΄(Social Discount Rate: 5%) 

Future Value -17.5 0 5 5 7,5 10 NPVΒ IRRΒ 

Present Value -17.5 0 4,53 4,31 6,27 7,83 5,36 12,83% 

 

Table 2. Calculations of the ENPV range for project ΄΄Α΄΄, with the use of TPUIA = 0.3 = 30%.   

  Initial 1 2 3 4 5  

P
ro

je
ct

 A
  

T
P

U
I A

 =
 0

.3
 =

 3
0
%

. 
  Maximum: 

 (Most prob.) x (1+TPUI) 
-17.5 6,5 6,5 6,5 6,5 6,5 ENPVA

(max.)
 

Present Value -17.5 6,19 5,89 5,61 5,34 5,1 + 10,64 

Most probable -17.5 5 5 5 5 5 ENPVA
(m.p.)

 

Present Value -17.5 4,76 4,53 4,31 4,11 3,91 + 4,14 

Minimum: 

 (Most prob.) x (1-TPUI) 
-17.5 3,5 3,5 3,5 3,5 3,5 ENPVA

(min.)
 

Present Value -17.5 3,33 3,17 3,02 2,87 2,74 - 2,34 

P
ro

je
ct

 B
  

T
P

U
I B

 =
 0

.2
 =

 3
0
%

. Maximum: 

 (Most prob.) x (1+TPUI) 
-17.5 0 6 6 9 12 ENPVA

(max.)
 

Present Value -17.5 0 5,44 5,18 7,40 9,40 + 9,93 

Most probable -17.5 0 5 5 7,5 10 ENPVA
(b.g.)

 

Present Value -17.5 0 4,53 4,31 6,27 7,83 + 5,36 

Minimum: 

 (Most prob.) x (1-TPUI) 
-17.5 0 4 4 6 8 ENPVA

(min.)
 

Present Value -17.5 0 3,62 3,45 4,93 6,26 + 0,78 



 

Following the fourth step of the process, the examiner introduces the calculated ranges of the ENPV 

evaluation indicators in a MCS tool for the two projects separately. The resulting probability 

distribution diagrams of the ENPV for both projects are illustrated in Figure 3. Next step is the 

selection of the benchmark criterion by the project examiner. Indicatively, the criteria that are 

chosen to be analyzed with the specific case study, is the lowest probability of the ENPV to take 

negative values and the highest probability of the same indicator to get values higher than the target 

value, e.g. the ENPV = 10.000. These analyses of the probability distribution diagrams for the 

ENPV indicators of A and B projects are presented in Figure 3. As can be seen, the probability for 

the ENPVA and ENPVB to get negative values, are estimated in 20.44% and 6.72% respectively, so 

according to the criterion of the lowest probability for negative values of the ENPV, project B 

should be selected. On the other hand, the probability of the ENPV to take higher than the 10.000 

value, are estimated at 12.41% for the ENPVA and 9.54% for the ENPVB respectively, implying the 

selection of project A. Conclusively, in the current case study, the use of different project 

acceptance criterion leads to the selection of different each time project. 

 

 
 

Figure 3. Projects Probability Distributions (TPUIA = 30%, TPUIB  = 20%) 

 

5. ENPV OR ERR?  

 

In the above example, it was assumed that the examined projects A and B have different scope and 

parameters and the TPUI indexes take different values. However, if these projects have the same 

scope, then the TPUIA = TPUIB. Thus, according to both the first and second project acceptance 

criterion, i.e. the probability for negative values of the ENPV and the probability for the ENPV to 

take higher values than the target point ENPV = 10.000, project B should be preferred in both cases. 

This is demonstrated through the probability values of the ENPV < 0 and ENPV > 10.000 for both 

projects, under different values of uncertainty, i.e. TPUI Є (0, 1), as presented in figure 4. As can be 

seen, the probability values of both projects follow an upward path, according to the increased each 

time uncertainty, which increases both the probability that the ENPV will take negative or higher 

than the target point values respectively.  Moreover, it is demonstrated that for any value of the 

index TPUI between (0, 1), which is equal for both projects, project A has the higher probability for 

a negative ENPV, while the same project has lower probability of ENPV > 10.000. In other words, 

when comparing projects where the estimated future economic flows initially give contradictory 

results, the equivalent increase and decrease in these values due to the impact of uncertainty, leads 

to greater reduction in the ENPV value range of the project which was originally introduced a 

higher IRR and further leads to a greater increase in the ENPV value range of the project that was 

originally introduced a higher ENPV. This may be an answer to the question of comparison 

between two commonly used criteria, that is the NPV and the IRR criterion. Specifically, for the 
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Figure 5. Probability of Projects‟ ΄΄A΄΄ and ΄΄B΄΄, ENPV < 0 and ENPV > 10.000 

 

evaluation of different projects, where the indicators give contradictory results, the NPV should be 

considered as a less risky method, while the acceptance of the project which was initially presented 

a higher IRR, is recommended for investors who accept a greater probability of a negative NPV and 

less probability to overcome a specific target value. However, the final project selection of the more 

secure investment or not depends on the willingness of the investor. Thaler and Johnson [15] have 

shown that the investor‟s behavior is influenced by previous investments, i.e. if a previous 

investment was enough profitable, investors are willing to take the more risky option, otherwise if 

the previous investment was unprofitable, they are more cautious in undertaking risks of a new 

investment. Conclusively, the IRR or ERR criterion may be more convenient for decision makers, 

as they can easily compare it with the current market rates, i.e. the inflation or the interest rate for a 

bank loan; however, through the comparison of the specific criterion with the corresponding NPV 

or ENPV, the IRR – ERR should be considered as more risky, while the NPV – ENPV should be 

considered as more secure method.    

 

6. DISCUSSION AND CONCLUSIONS 

 

This paper examines the project evaluation indicators that are used in the ECA, the ENPV and the 

ERR. These methods are combined in a new process, which can be used in cases with contradictory 

results, i.e. the 0 < ENPVA < ENPVB and (social discount rate) < ERRB < ERRA. The process 

introduces a new index TPUI, which represents the degree of uncertainty that arises after a 

qualitative assessment of the projects‟ critical success factors. This index is used in order to increase 

and decrease the most probable values of the estimated future flows, in order to calculate the ranges 

of the ENPV for the examined projects and further to use them in a MCS tool for the computation 

of the probability distribution functions. The process distinguish the most sustainable project, 

according to the decision criteria used by the project examiner, i.e. the project with the lowest 

probability of the ENPV < 0, or the project with the highest probability of the ENPV to be greater 

than a target point, or combination of the above. A critical issue in the proposed process is the 

qualitative assessment, which is based on the experience and the expertise of the examiners, and 

thus it is crucial to consider any optimism bias [16], i.e. the underestimation of the project‟s 

uncertainty. An illustrative case study is presented, within which the main evaluation criteria ENPV 

and ERR are compared with the use of the TPUI, while the results provided are the same with the 



 

arguments arising by the literature [17, 18]. Specifically, the ENPV should be preferred as a 

decision criterion, as it is less risky than the ERR. This is demonstrated through the calculations of 

the uncertainty‟s impact in the project, in which the project that is initially preferred by the ENPV 

criterion, has a higher probability for exceeding a target value point and also has lower probability 

to get negative value.  
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