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Abstract
Cost Benefit Analysis (CBA) is one of the mostly used methods for the evaluation of the waste 
incineration (WI) projects, by taking into account the social and environmental externalities. 
Generally, a WI project has a number of options on the basis of demand opportunities and technical 
solutions, such as the firing system and boilers, the water-steam cycle and the flue gas cleaning 
system. The evaluation process of these options that is included in the CBA consists of calculating 
the expected value of the options’ evaluation indicators, namely the Net Present Value (NPV) and 
the Internal Rate of Return (IRR). Herein, a new process is presented, which includes the 
development of a single Monte Carlo Simulation (MCS) model, in order to implement the 
quantitative risk analysis of the WI options and to evaluate them. An illustrative case study is used, 
where the options of a WI project are evaluated, while the results as well as useful conclusions are 
discussed. The proposed process can be a useful tool to the investment analysts, as it helps them to 
evaluate the WI options, by taking into consideration the incurred risks.  
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1. INTRODUCTION 
 
In the literature, several decision support systems are proposed for the waste management projects 
[1], while the initial evaluation is mainly implemented through the Cost Benefit Analysis (CBA), 
the life cycle assessment or the multi-criteria analysis [2]. However, the CBA is a widely used 
method that can be used for the evaluation of the waste incineration (WI) projects [3], during the 
initial stage. According to the European guide to CBA [4], a basic step in the investment evaluation 
is the economic analysis, which examines the contribution of the project in the economic welfare of 
the country [5], by taking into consideration the social and environmental benefits and costs. 
Moreover, crucial is the quantitative risk analysis (RA) [6], which ensures the WI project’s 
sustainability [7] and consists of studying the probability that the evaluation indicators get positive 
evaluation, i.e. the Economic Net Present Value (NPV) > 0, or/and the Economic Rate of Return 
(IRR) > social discount rate. Among the several methods that can be used for the RA, the sensitivity 
analysis [8] and the Monte Carlo Simulation (MCS) [9] are distinguished, while the evaluation of 
the WI options can be implemented through the separate Cost-Benefit Analyses of the alternatives, 
in order to compare them and to select the optimum one. However, taking into consideration that 
the NPV and the IRR of each WI option are influenced by many variables, a process that correlates 
these variables in a single MCS model, in order to evaluate the WI options through the calculation 
of the probability for the total evaluation indicators, will be a useful tool to the investment analysts.     
 
2. EVALUATION OF THE WASTE INCINERATION OPTIONS  
 
The MCS technique that is used for the quantitative RA of WI projects [10], can be described as the 
repetitive process of adding random values drawn from a range value of the project’s variables for 
the calculation of the NPV or/and IRR probability distributions, graphically expressed as the 
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cumulative probability distribution functions (CDFs). A new process that can be used for the 
evaluation of the WI options is illustrated in the following Figure 1. It consists of 9 basic steps, 
where the variables of the identified WI options are connected in a spreadsheet including the 
options’ economic analyses in separate calculation sheets as well as a variable-sheet where the total 
variables are used once. These variables are used as inputs in a MCS model, while the options’ 
NPVs and IRRs are defined as outputs. The MCS model calculates the CDFs of the evaluation 
indicators and the results are illustrated in two different graphs that include the total CDFs. 
Specifically, the CDFs of the options’ NPVs are illustrated in the first and the CDFs of the IRRs in 
the second graph respectively. Through these graphs, the investment analysts can have a 
comparable view of the WI options, in order to evaluate them and select the optimum one. 

Figure 1: Process flowchart: Evaluation of the waste incineration options 
 
3. CASE STUDY   
 
3.1 Assumptions
Consider the scenario where there are five identified options for a project in the WI field. These 
options are based on different technical solutions, such as the water-steam cycle and the energy 
recovery, i.e. electricity or combined heat power (CHP) [11]. Thus, each WI option has different 
electricity or heat production performance and results in different revenues for the investors, as 
presented in Table 1. Furthermore, each option has a different initial investment cost as well as 
different operational costs during the project’s lifecycle. The time horizon that is used consist of 1 
year as the construction phase and 15 years as the WI project’s operational phase, while the social 
discount rate that is used in the case study is the 5,5% [4] and the inflation is 1,5%. We mention that 
the values used in the case study are illustrative and do not represent real market values [12]. 
 
3.2 Evaluation of the waste incineration options with the use of the process
According to the second step of the proposed process, the investment analyst identifies all the 
variables that have an impact on each of the five options’ evaluation indicators, i.e. the NPVs and 
the IRRs. For each option there is a calculation sheet developed according to its variables. 
Following the third step of the process, a spreadsheet is developed that consists of the variable-sheet 
and the five calculation sheets of the WI options. Specifically, each variable is used once in the 
variable-sheet and all the variables included in the rest sheets are connected as equal to the same  
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Table 1. Identified waste incineration options: Calculation of the revenues 
1st Year Values Electricity 

production 
Heat 

production 
Electricity 

Price 
Heat Price 

/ MWh Service fee   Demand  Revenues 

Options MWh/ton 
(Fixed) 

MWh/ton 
(Fixed) 

€/MWh 
(Fixed) 

€/MWh 
(Fixed) 

€/ton 
(Variable) 

ton/year 
(Variable) 

(x 1.000 €) 
(Variable)

1st : Firing system, 
dry, wet and catalytic 

flue gas treatment-
Steam cycle connected 
to an adjacent power 

plant  

0,66 - 25 - 130 200.000 29.300 

2nd: Firing system, dry, 
wet & catalytic flue gas 
treatment with power 

generation  

0,44 - 25 - 130 200.000 28.200 

3rd: Firing system, dry, 
wet and catalytic flue 

gas treatment with 
cogeneration (CHP) 

0,22 1,98 25 6 130 200.000 29.476 

4th: Firing system, 
electrostatic 

ecipitator, precipitation, 
activated coke absorber 
and catalytic plant with 

power generation  

0,44 - 25 - 130 200.000 28.200 

5th: Firing system, dry 
adsorption, activated 

coke absorber and 
catalytic plant with 
power generation  

0,44 - 25 - 130 200.000 28.200 

 
variables in the variable-sheet. In the present case study, the identified variables are illustrated in 
Table 2. As it is shown, there are six common variables that impact the five options, which are the 
demand (ton / year), the personnel costs (€ / year) and the service fee, the discharge and storage 
costs with vehicles, the firing system and boiler and the catalytic flue gas cleaning (€ / ton). These 
variables are used once in the variable-sheet and are connected through functions with the relative 
variables in the five WI options’ calculation sheets. However, each option consist of different 
technical procedures and thus, there are other variables that influence one or more options and have 
no impact on other options. These are the initial investment as well as the operational costs, which 
take different base case values, as presented in Table 2.     

3.3 Calculations 
The next steps of the process include the sensitivity analyses of the evaluation indicators that are 
illustrated in Figure 2 and the probability distribution of the variables as presented in Table 2. 
Further, a single MCS model is developed, in which the variables are defined as inputs and the 
options’ evaluation indicators, i.e. the NPV1, NPV2 ,.., NPV5, and the IRR1, IRR2 ,.., IRR5, are 
defined as outputs, while the results arising through the 5.000 runs of the model are illustrated in 
Figure 3. Specifically, the results of the process consist of two different graphs, including the CDFs 
of the NPVs and the IRRs for the five WI options respectively.  
 
3.4 Results – selection of the optimum waste incineration option 
The investment analysts can further analyze the resulting graphs, in order to select the optimum WI 
option. Specifically, the expected values of the 3rd WI option’s evaluation indicators are calculated 
in NPV3 = Є 51.800.902 and IRR3 = 13,406% respectively, which are both higher than the relative 
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Table 2. Variables of the five waste incineration options in triangular distribution   

 
values of the rest WI options. Thus, the 3rd option, which includes a grate firing system with dry, 
wet and catalytic flue gas treatment with cogeneration as a function of throughput, should be 
preferred. However, the investment analysts can use the resulting through the process graphs 
multiply. Specifically, it is mentioned that not only the 3rd, but also the 1st as well as the 2nd WI 
options should be considered as low risk solutions, as the probability for the NPV < 0 or/and the 
IRR < discount rate is only 0,28%, 0,36% and 0,36% respectively, as illustrated in Table 3. 
Moreover, the resulting graphs can be easily processed by the investment analysts, in order to 
analyze the probability of the WI options’ evaluation indicators in getting specific target values, e.g. 
the IRR > 15%, or the NPV > 40.000.000 in the present case study. However, the distinction of the 
optimum WI option depends on the decision criteria set by the investment analysts and particularly 
on the weight given to each criterion. This issue can be a subject for future research.       

Table 3. Analysis of the resulting through the process graphs  

Options Probability for negative 
evaluation 

Probability: IRR 
> 15%  

Probability: NPV 
> 40.000.000 

 NPV < 0 , IRR < discount rate   
1st waste incineration option 0,36% 29,52% 69,50% 
2nd waste incineration option 0,36% 29,64% 69,38% 
3rd waste incineration option 0,28% 30,16% 71,20% 
4th waste incineration option 12,20% 1,08% 26,78% 
5th waste incineration option 5,22% 7,56% 44,22% 

 Variable – sheet Applied to Base case value Probability Distribution 
Range

Social Discount Rate 1st to 5th (%) 5,50% - 
Inflation 1st to 5th (%) 1,50% - 

Electricity price 1st to 5th (€ / MWh) 25 - Fi
xe

d
Pr

ic
es

 

Heat price 1st to 5th (€ / MWh) 6 - 
Service fee  1st to 5th (€ / ton) 130 100 ÷ 145 

Demand  1st to 5th (ton / year) 200.000 165.000 ÷ 210.000 
Discharge-storage costs  1st to 5th (€ / ton) 4,24 4,00 ÷ 5,00 
Firing system and boiler  1st to 5th (€ / ton) 36,42 32,00 ÷ 40,00 

Catalytic flue gas cleaning 1st to 5th (€ / ton) 3,20 3,00 ÷ 4,00 C
om

m
on

V
ar

ia
bl

es
 

Personnel costs  1st to 5th (€ / year) 1.800.000 1.750.000 ÷ 1.900.000 
Steam extraction turbine 

(thermal power plant)  1st (€ / ton) 8,19 8,00 ÷ 8,50 

Dry flue gas cleaning 1st, 2nd, 3rd (€ / ton) 7,21 7,00 ÷ 7,50 
Gypsum scrubber  1st, 2nd, 3rd (€ / ton) 5,48 5,00 ÷ 6,00 

1st

Investment costs 1  1st (€) 86.785.000 80.000.000 ÷ 97.500.000 
Steam extraction turbine (50 

bar and 400 °C)  2nd, 4th , 5th (€ / ton) 3,02 2,80 ÷ 3,20 

2nd

Investment costs 2  2nd (€) 86.110.000 82.000.000 ÷ 95.000.000 
Cogeneration (CHP) applying 

steam (50 bar and 400 °C) 3rd (€ / ton) 8,07 7,00 ÷ 9,50 

3rd

Investment costs 3  3rd (€) 88.810.000 82.500.000 ÷ 95.000.000 
Electrostatic precipitator & 
scrubber with precipitator 4th (€ / ton) 14,67 12,00 ÷ 17,50 

Activated coke absorber 4th , 5th (€ / ton) 4,92 4,00 ÷ 6,50 4th

Investment costs 4  4th (€) 95.155.000 90.000.000 ÷ 110.000.000
Dry adsorption 5th (€ / ton) 12,63 9,00 ÷ 16,00 

A
lte

rn
at

iv
es

’ V
ar

ia
bl

es
 

5th

Investment costs 5  5th (€) 89.687.500 85.000.000 ÷ 105.000.000
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4. CONCLUSIONS  
 
CBA is one of the mostly used methods for the evaluation of the WI projects. This paper focuses on 
the evaluation of the WI options, which is included in the CBA. A new process is presented that 
includes the appropriate steps that the investment’s analysts should follow in a CBA, in order to 
evaluate the identified WI options and to select the optimum solution. Initially, the sensitivity of the 
identified WI options in their variables is examined through the process and the variables with the 
higher impact are highlighted, in order to get managed more closely. Moreover, the process takes 
into account the incurred risks in each option, by connecting all the variables in a spreadsheet and 
uses a single MCS model for the calculation of the evaluation indicators’ CDFs. The results consist 
of two different graphs, in which the CDFs of the WI options’ NPVs and IRRs are illustrated 
respectively. The investment analysts can further analyse the resulting through the process graphs, 
in order to distinguish the most suitable WI option. An illustrative case study is used, in which the 
new process is followed for a WI project, where five different WI options are identified and 
evaluated.   
Conclusively, the proposed process can be a useful tool to the investment’s analysts in the CBA of a 
WI project, because it helps them to evaluate the alternative technical solutions that may be 
included in a WI project.  
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