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SUMMARY 

Investment assessment is one of the most critical procedures for the evaluation of a waste 
incineration project. Over the last decades there are several methods and techniques 
developed in the investment assessment literature establishing the financial and quantitative 
risk analyses of waste incineration projects. Herein, we present the commonly used 
techniques for the financial and risk analysis we introduce a specific process for the 
evaluation of a waste incineration project’s technical options. The proposed method aims to 
be a useful tool to project analysts, as it can be used for the comparison of various types of 
waste incineration solutions. 
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INTRODUCTION 

Nowadays, the development strategy of a public or private organization includes the 
implementation of specific investments. Due to the fact that each investment is implemented 
within a given macroeconomic and sector context, it is regarded as an incremental change to 
an existing structure and has its own characteristics, requirements and objectives. Generally, a 
waste incineration (WI) project is regarded as investment, because it includes the 
infrastructure construction as well as the operation of the assets for a long time horizon. 
Moreover, all the WI projects have some common basic objectives, such as the waste that 
should be burned, the environmental protection, or the energy that can be produced. However, 
each WI project that is considered to satisfy specific objectives can be implemented following 
different technical procedures, such as the water-steam cycle and the energy utilization, i.e. 
electricity or combined heat power (CHP) [1]. Specifically, these options result in different 
energy production and thus, there are different revenues for the investors in each case. 
Therefore, it is concluded that a project’s analyst should take into consideration all the 
possible technical solutions for the implementation of a WI project, which should be 
evaluated properly, in order to select the most profitable option. Aim of this paper, is to 
present the most commonly used methods for the investment evaluation, in order to introduce 
a specific method for the evaluation of various options of a WI project.   

REVIEW OF THE INVESTMENT ASSESSMENT METHODS AND TECHNIQUES 

In the literature reviewed, several decision support systems are proposed for waste 
management projects [2], while the initial evaluation is mainly implemented through the Cost 
Benefit Analysis (CBA) [3], the life cycle assessment or the multi-criteria analysis [4]. 
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However, the CBA is a widely used method that can be used for the initial evaluation of a WI 
project [5]. According to the European Commission’s guide to CBA of investment projects 
[6], 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 [7], by taking into 
consideration the social and environmental benefits and costs. Generally, an investment’s 
evaluation result is positive, when the evaluation indicator, namely the economic Net Present 
Value (NPV) is higher than zero. Particularly, NPV is the main evaluation indicator and is 
calculated through the difference between the present value of project cash inflows and the 
present value of the relative outflows [8; 9]. That is, if NPV > 0, then the project is expected 
to be profitable for the investor. However, taking into consideration that most projects in the 
WI field are classic cases of a monopoly market, it is quite difficult to estimate the project’s 
revenues, e.g. because market prices may not exist [10]. In this case, the most common 
approach is to estimate the citizens’ willingness-to-pay (see example in [11]) for the specific 
services. Moreover, crucial in the investment evaluation process is the quantitative risk 
analysis (RA) [12], which ensures the WI project’s sustainability [13] and consists of studying 
the probability of the evaluation result to be positive, i.e. the NPV > 0. Particularly, among 
the several methods that can be used for the RA, the sensitivity analysis [14] and the Monte 
Carlo Simulation (MCS) [15] are distinguished. In the sensitivity analysis, different values are 
given separately to the variables that influence the evaluation indicator (NPV), in order to 
estimate each variable’s potential impact. Total results of this process are illustrated in a 
graph, so as the investment analysts can have a comparable view of the variables and 
distinguish those with the higher impact on the project’s profitability. However, main 
limitation of the sensitivity analysis is that there are no forecasts considered for the variables 
values and thus the MCS is enforced. Specifically, MCS defines the possible range of the 
evaluation indicator’s values, taking into account the influence of a number of input variables 
[16; 17; 18; 19]. The MCS technique can be described as the repetitive process of adding 
random values drawn from a range value of the project’s variables [20; 21; 22; 23] for the 
calculation of the NPV probability distribution. However, taking into consideration that each 
project in the WI field has a number of technical options [24], e.g. the energy utilization [25] 
or/and the wastewater management [26], a process that combines the options’ variables in a 
single MCS model, in order to calculate the probability distributions of their NPVs [27] and to 
evaluate them, will be useful to investment analysts.     

A PROCESS FOR THE EVALUATION OF A WASTE INCINERATION PROJECT  

A novel process that can be used for the evaluation of a WI project’s technical options is 
illustrated in Figure 1. The process consists of seven basic steps, in which the identified WI 
options’ variables are functioned in a spreadsheet that includes the options’ NPVs in separate 
sheets. A MCS model is developed, where these variables are used as inputs and the options’ 
NPVs are defined as outputs. Through the simulation, the probability distributions of the 
options’ NPVs are calculated and their potential values are illustrated in one graph. In this 
graph, the investment analysts can have a comparable view of the WI options, in order to 
evaluate them and to select the most profitable one.   

 NUMERICAL EXAMPLE 

Consider a 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 CHP. Therefore, 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 
operational costs throughout the project’s lifecycle, which is considered as 1 year for the 

 
 
Figure 1: Process flowchart: Evaluation of the waste incineration options  
 

construction of the plant and 15 years as the project’s operational phase. We mention that the 
values used in the case study are illustrative and do not represent real market values [28], 
while the discount rate used is 5.5% [6] and the inflation is 1.5%. According to the proposed 
process, the investment analysts identify all the variables that have an impact on the options’ 
evaluation indicators, i.e. the NPVs. These variables are used once in a spreadsheet that 
consists of the variable-sheet and the five calculation sheets of the options’ NPVs. In the 
current example, all the identified variables are illustrated in Table 2. As can be seen, there 
are six common variables influencing all the examined options, that is the demand (ton / 
year), the personnel costs (€ / year) and the service fee, the discharge and storage costs with 

 

Table 1. Identified waste incineration options: Calculation of the revenues 
 

Options 
Revenues 
(electricity) 

Revenues 
(heat)  

Revenues 
(Services)   Demand  Total 

Revenues 
€/ton   €/ton €/ton ton/year   (€ / year)   

1st : Firing system, dry, wet and 
catalytic flue gas treatment-Steam 
cycle connected to a power plant  

16.50 - 130.00 200,000 29,300,000 

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

power generation  
11.00 - 130.00 200,000 28,200,000 

3rd: Firing system, dry, wet and 
catalytic flue gas treatment with 

cogeneration (CHP) 
5.50 11.88 130.00 200,000 29,476,000 

4th: Firing system, electrostatic 
precipitator, precipitation, 

activated coke absorber and 
catalytic plant: power generation  

11.00 - 130.00 200,000 28,200,000 

5th: Firing system, dry adsorption, 11.00 - 130.00 200,000 28,200,000 



 

activated coke absorber and 
catalytic plant: power generation  

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 includes 
different technical procedures and thus, there are other variables that influence one or more 
options and have no impact on the others. These are the initial investment as well as the 
operational costs, which take different mean values (μ), as presented in Table 2.     

 
Table 2. Variables of the five waste incineration options in normal distributions  

 

 

The next steps of the process include the sensitivity analyses of the options’ NPVs and the 
probability distribution of the variables, as illustrated in Figure 2 and Table 2, respectively. 
Further, a single MCS model is developed, in which all the variables that are normally 
distributed are defined as inputs and the 1st, 2nd, …, and 5th options’ evaluation indicators, 
namely NPV1, NPV2 ,.., and NPV5, respectively, are defined as outputs. The results arising 
through the 5,000 runs of the model are illustrated in Figure 3. As can be seen, there are five 
different probability distributions functions presented in one graph, i.e. one per each 
examined option. According to these values, the investment analysts can select specific 
evaluation criteria, in order to evaluate the identified options and to select the most profitable 
one. Particularly, these distributions can be easily analyzed in specific NPV value, e.g. NPV < 
0 and NPV > 108. The probability values arising for each WI option’s NPV to have negative 
and higher than 108 values, are presented in Table 3. Further research can be focused on the 
evaluation criteria that decision makers can use, in order to evaluate the WI options according 
to their attitude towards risk, i.e. whether they are risk-averse, risk-neutral, or risk-seeking. 
Future papers can also be focused on the development of a Fuzzy decision support system, in 
which all the probability values of the WI options’ NPVs will be included.  

Variable – sheet Applied to Untis Mean value  
(μ) 

Standard 
Deviation  

(σ) 
Service fee  1st to 5th (€ / ton) 130.00 35.00 

Demand  1st to 5th (ton / year) 200,000.00 25,000.00 
Discharge-storage costs  1st to 5th (€ / ton) 4.24 0.50 
Firing system and boiler  1st to 5th (€ / ton) 36.42 10.00 

Catalytic flue gas cleaning 1st to 5th (€ / ton) 3.20 0.40 
Personnel costs  1st to 5th (€ / year) 1,800,000.00 150,000.00 

Steam extraction turbine (thermal power)  1st (€ / ton) 8.19 0.70 
Dry flue gas cleaning 1st, 2nd, 3rd (€ / ton) 7.21 1.60 

Gypsum scrubber  1st, 2nd, 3rd (€ / ton) 5.48 1.00 
Investment costs 1  1st (€) 86,785,000.00 5,000,000.00 

Steam extraction turbine (50 bar, 400 °C)  2nd, 4th , 5th (€ / ton) 3.02 0.35 
Investment costs 2  2nd (€) 86,110,000.00 4,000,000.00 

Cogeneration applying steam (50 bar , 400 °C) 3rd (€ / ton) 8.07 2.00 
Investment costs 3  3rd (€) 88,810,000.00 7,500,000.00 

Electrostatic precipitator & scrubber with 
precipitator 4th (€ / ton) 14.67 7.50 

Activated coke absorber 4th , 5th (€ / ton) 4.92 2.80 
Investment costs 4  4th (€) 95,155,000.00 9,000,000.00 

Dry adsorption 5th (€ / ton) 12.63 6.00 
Investment costs 5  5th (€) 89,687,500 7,000,000.00 
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Figure 2: Sensitivity tornado graphs of the option evaluation indicators (NPVi) (i = 1,2,3,4,5) 



 

 
Figure 3: CDFs of the project’s alternatives evaluation indicators (NPVs) 

 
Table 3: Analysis of the options’ NPV distributions in specific values  

 

Options 
Probability of 

NPV < 0 NPV > 100,000,000.00 
1st waste incineration option 18.53749% 32.94281% 
2nd waste incineration option 18.44629% 33.74895% 
3rd waste incineration option 17.74608% 32.36883% 
4th waste incineration option 27.88348% 22.63572% 
5th waste incineration option 23.84748% 27.71443% 

CONCLUSIONS 

NPV is one of the most widely used evaluation indicators for the investment assessment of 
WI projects. This paper focuses on the evaluation of a WI project’s options. A novel process 
is presented that includes the appropriate steps that the investment’s analysts should follow, in 
order to evaluate the identified WI options and to select the most profitable one. Initially, the 
sensitivity of the options’ NPVs is examined 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, through the connection of all variables in a spreadsheet and 
the use of a single MCS model for the calculation of the options’ NPV distributions. The 
results arising consists of a graph that illustrates all the NPVs’ distributions, which can be 
further analyzed in specific NPV values, in order to distinguish the most profitable WI option. 
Conclusively, the proposed process can be a useful tool to investment analysts, as it helps 
them to evaluate the alternative technical solutions that may be posed in a WI project. 
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