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Investments in tangible fixed assets significantly affect the 
future production capacity of the company, they are a 
stimulator of the company's development. At the same time, 
they are associated with a degree of uncertainty that needs to 
be taken into account when making investment decisions. The 
article presents an approach to optimizing inhomogeneous 
production in order to maximize the economic efficiency of a 
particular business investment. The economic efficiency of the 
investment is assessed comprehensively in terms of 
profitability, liquidity and risk. The risk is addressed through 
Monte Carlo simulation and the production program is 
optimized using OptQuest. The result is a production program 
that maximizes the return on the assessed corporate 
investment.  
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1 INTRODUCTION  

The current business environment is highly competitive, subject 
to geopolitical influences and changes that are frequent, rapid 
and difficult to predict. The success of a company in such an 
environment is based on skills, right decisions and real 
performance. One of the ways to ensure the future success and 
prosperity of the company is to invest in the renewal of 
obsolete or development of new production technology. In this 
way, the production capacity of the company is increased, 
which the company can use and respond flexibly to market 
requirements and the associated degree of uncertainty. For this 
reason, production planning and the overall efficiency of 
corporate investments should be implemented with a 
stochastic approach and the application of simulation-
optimization techniques. This issue is addressed by several 
authors who have focused their work on various areas of 
business. These include: [Gansterer et al. 2014], [Topal and 
Nakir, 2018], [Fedorko et al. 2018], [Strohmandl and Cujan 
2019], [Digernes et al. 2018], [Zhang et al. 2021], [Şenyigit and 
Mutlu 2021], etc.. 

For example, investment decisions are made by authors 
[Haghighat and Zeng] based on scenarios. For this purpose, 

they developed a stochastic two-level optimization program. 
The authors [Smirnov et al. 2021] model this problem as a two-
stage stochastic program with strategic decisions in the first 
phase and operational decisions in the second phase. 

[Marques et al. 2017] represent production planning, which is 
based on a combination of an integer linear programming 
model and Monte Carlo simulation. The Monte Carlo simulation 
framework is designed as a two-step sampling procedure based 
on the Bernoulli and normal distribution function. The achieved 
results confirmed the significant impact of input risk variables 
on expected profitability. Subsequently, they presented 
measures that maximize expected profits, which provide a 
valuable knowledge framework to support a long-term 
decision-making process. [Dheskali et al. 2020] developed a 
probabilistic mathematical model for risk quantification. They 
use the Monte Carlo simulation to estimate the cumulative net 
present value distribution function, considering a large amount 
of uncertainty. 

The authors [Janekova et al. 2018] compare the deterministic 
and stochastic approach to assessing the economic efficiency of 
development investment focused on mass production with an 
emphasis on maximizing Net present value (NPV). Even in this 
case, a stochastic approach based on simulation-optimization 
techniques is preferred. A detailed overview of simulation-
optimization techniques used in solving problems with 
stochastic optimization was compiled by the authors [Ghasemi 
et al. 2021]. At the same time, they introduced a new 
simulation-optimization technique, Evolutionary Learning 
Based Simulation Optimization, inserted into Ordinal 
Optimization. 
The aim of the research is to decide on the acceptability or 
unacceptability of the proposed investment. The decision-
making is implemented and compared using a deterministic 
and stochastic approach to evaluation the economic efficiency 
of a proposed investment by dynamic financial criteria. In the 
case of acceptable investment, the effort is to optimize 
inhomogeneous production to achieve its maximum economic 
efficiency. The optimization of the production program is 
realized by the OptQuest tool through the financial criterion of 
NPV. 

2 MATERIAL AND METHODS 

The case study is focused on assessing the economic efficiency 
of development investment, focused on expanding the 
company's production program with three new products A, B, 
C. Product A consists of two components A1 and A2 and its 
production is supported by a closed long-term order of 3,500 
pieces per year. The remaining free time capacity of the 
production facilities will be used for the production of products 
B and C so as to maximize the value of the financial criterion 
NPV. The annual production volume is determined by the 
annual effective time fund of production facilities and the 
selected production program. The solution procedure is 
implemented using a deterministic and stochastic approach. 
 

2.1 Economic efficiency of investment - deterministic 
approach  

In this case, the evaluation of the economic efficiency of the 
investment is carried out using a deterministic financial model, 
compiled for six years, including a one-month period of 
construction of the investment. Achieving the expected level of 
economic efficiency of the investment is influenced by time, 
cost and yield factors (see Tab. 1). 
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Input variables (unit) 
Value 

A B C D 

Production (pcs/year) 3,500 3,500 - - 

Production with non-
utilized Tef  (coeff.) 

- - 0.5 0.5 

Production time 
(hour/pc) 

0.25 0.30 0.18 0.10 

Product price (EUR/pc) 18.80 20.20 12.20 6.50 

Material consumption 
(EUR/pc) 

5.00 6.00 3.40 2.10 

Effective time fund of 
machine_2 machines 
(hour/year) 

3,577 

Use of production 
capacity (coeff.) 

0.8 

Energy consumption 
(hour/year) 

3,000 

Personnel costs 
(hour/year) 

36,000 

Repair and maintenance 
costs (hour/year) 

4,200 

Other costs (hour/year) 7,000 

Depreciation (hour/year) 70,000 

Income tax (%) 21.0 

Discount rate (%) 3.0 

Lifetime of investment 
(years) 

6 

Investment costs (EUR) 420,000 

Table 1. Input variables 

The expected level of economic efficiency of an investment is 
assessed by dynamic financial criteria, such as net present value 
(NPV), profitability index (PI) and discounted payback period 
(DPP). In this work, only the financial criterion of NPV is 
considered, which is calculated according to relation (1), (2): 
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Where: CF is annual cash flow; dr discount rate; IC amount of 
one-off investment costs; N economic lifetime of the 
investment; n number of years of economic lifetime of the 
investment; EBITDA earnings before interest, tax, depreciation 
and amortization; D yearly depreciation; t coefficient of income 
tax rate. 
 

2.2 Economic efficiency of investment - stochastic approach  

The evaluation of economic efficiency in this case is carried out 
through a stochastic financial model using Monte Carlo 
simulation and optimization of the production program through 
the OptQuest tool. In order to be able to use the Monte Carlo 
simulation, probability distributions and their statistical 
characteristics are defined for each risk input variable from the 

deterministic financial model (see Tab. 2). Subsequently, the 
mean NPV investment is determined. 

Variables 
Probabi-
lity distri-

bution 
Min. 

Like-
liest 

Max. 

Revenues 

Price of product 
A1 

Triangular 16.92 18.80 20.68 

Price of product 
A2 

Triangular 18.18 20.20 22.22 

Price of product B Triangular 11.50 12.20 13.50 

Price of product C Triangular 5.50 6.50 7.15 

Costs 

Material 
consumption for 
A1 

BetaPERT 4.50 5.00 5.50 

Material 
consumption for 
A2 

BetaPERT 5.40 6.00 6.60 

Material 
consumption for 
B 

BetaPERT 3.06 4.40 4.47 

Material 
consumption for 
C 

BetaPERT 1.89 2.10 2.31 

Energy 
consumption 

BetaPERT 2,700 3,000 3,300 

Personnel costs BetaPERT 32,400 36,000 39,600 

Repair and 
maintenance 
costs  

BetaPERT 3,780 4,200 4,620 

Other costs BetaPERT 6,300 7,000 7,700 

Investment costs Triangular 400,000 420,000 462,000 

Times 

Production 
capacity 
utilization 

BetaPERT 0.72 0.80 0.88 

Production time 
A1 

Triangular 0.24 0.25 0.26 

Production time 
A2 

Triangular 0.29 0.30 0.31 

Production time 
B 

Triangular 0.17 0.18 0.19 

Production time 
C 

Triangular 0.10 0.10 0.11 

Table 2. Probability distributions of input variables and their statistical 

characteristics  

The following constraints are considered when optimizing the 
production program with OptQuest:  

 the minimum production volume of product A (A1 and A2) 
is 3,500 pieces per year,  

 the maximum amount of the effective time fund (Tef) of 
the production facility is at the level of 2,861 hours per 
year, at the same time the following must be met: 

CBAAef TTTTT  21                                                   (3) 
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Where: TA, B, C  are production times. 

 ensure that neither product B nor product C is excluded 
from production, therefore their share of the free time 
capacity of the production facility is minimum 0.1 and 
maximum 0.9. The free effective time fund of production 
facilities (Tef (free)) is calculated according to relation (4): 

   21 AAeffreeef TTTT                                                 (4) 

3 RESULTS 

The results of the evaluation of the economic efficiency of the 
investment by a deterministic approach are shown in Tab. 3. 

Based on the calculated values of the financial criteria, it can be 
stated that the investment is acceptable. 

Financial 
criteria 

Unit 
Acceptance of the 

investment according to 
Value 

NPV EUR NPV > 0 33,010 

PI coeff. PI > 1 1.08 

DPP years DPP < 6 years 5.49 

Table 3. Values of financial criteria 

The stochastic approach using the Monte Carlo simulation 
method takes risk into account when assessing the economic 
efficiency of an investment. The result is the mean NPV 
prognosis in graphical and numerical form (see Fig. 1). 

 

Figure 1 Probability distribution of NPV and statistical characteristics before optimization 

 

The goal of optimization is to increase the return on 
investment, i.e. determine the volumes of products A1, A2, B 
and C in such a way as to achieve a maximum NPV in 
compliance with the defined production conditions. Decision 
variables are defined as shown in Tab. 4.  

Decision 
variables 

Lower 
bound 

Base 
case 

Upper 
bound 

Type Step 

Production A1  3,500 3,500 3,600 Discrete 1 

B_share in 
Tef(free)  

0.1 0.5 0.9 Conti-
nuous 

- 

C_share in 
Tef(free)  

0.1 0.5 0.9 Conti-
nuous 

- 

Table 4. Parameters for decision variables 

 

Figure 2. OptQuest results - graphic output 

The number of selected optimization repetitions is 1,000 and 
the results obtained from the OptQuest optimization are shown 
in Tab. 5 and Fig. 2. 

Objective Value 

Maximize the mean of NPV 
(EUR) 39,208 

Constraints Left side Right side 

TA1+TA2+TB+TC <= 2,861 2,859 2,861 

B+C share in Tef(free) <= 1 1.00 1.00 

Decision variables Value 

Production A1  3,600 

B_share in Tef(free)  0.90 

C_share in Tef(free)  0.10 

Table 5. OptQuest results – best solution 

By optimizing production to 3,600 pieces per year of products 
A1 and A2 and redistributing the acquired free production 
capacity in a ratio of 0.9 in favor of product B with a production 
volume of 4,405 pieces and 0.1 for product C with a production 
of 881 pieces, a maximum mean NPVopt value of EUR 39,208 is 
achieved. The probability that the NPV will be at least as 
calculated deterministically is 60.58 % for the optimized 
variant. Further statistical characteristics of the optimized 
variant are recorded in Fig. 3.  

The investment risk analysis is supplemented by a sensitivity 
analysis of the effects of the uncertainties of the input risk 
variables to the uncertainty of the output. From the graph 
(Fig. 4) it is clear that the uncertainty of the mean NPVopt 
forecast is mostly influenced by the following input variables: 

 positive uncertainty of the price of product A2, the price of 
product A1 and the price of product B, 
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 negative uncertainty of investment costs and personnel costs. 

 

Figure 3 Probability distribution of NPV and statistical characteristics after optimization 

 

 

Figure 4. Graph of sensitivity of input risk variables to NPV after 
optimization 

Identifying the most serious risk factors is important from a risk 
management perspective, as it allows to choose measures that 
increase the likelihood of achieving the expected result or 
reduce the negative effects of their changes. 

4 CONCLUSIONS 

It can be stated that the presented approaches to assessing the 
economic efficiency of the investment led to the same 
conclusion when deciding on the acceptance of the investment. 
The difference between the applied approaches lies in the way 
of including risk in investment decision-making and the 
subsequent possibility of analysis and management of risk. Risk 
considerations can be applied not only when deciding on 
investments, production planning, logistics but also other 
decision-making tasks. 

The deterministic approach to investment assessment is 
currently the most commonly used. Dynamic financial criteria 
are preferred, which consider the time value of money, thus 
partially involving risk in the form of a discount rate. This 
approach does not make it possible to assess the impact of 
individual risk factors on the monitored financial criterion, nor 
at the same time to assess the impact of the uncertainty of 

several input variables. This means that this approach simplifies 
reality, which can lead to wrong decisions. 

The stochastic approach in the assessment of investments uses 
simulations that allow multiple repetitive calculations of the 
observed financial criterion with the values of risk input 
variables according to their probability distributions. Thus, the 
simulations consider the impact of risk input variables on the 
observed financial criterion. At the same time, the outputs of 
the simulation provide a picture of the reliability of the forecast 
of the monitored financial criterion through statistical 
characteristics and the possibility to examine the impact of 
individual risk input variables on the monitored financial 
criterion. 

These approaches have also their limitations associated with 
their application. Although the deterministic approach 
considers risk to a small extent and only with dynamic financial 
criteria, it is more independent in terms of the subjective 
influence of the evaluator. On the contrary, the stochastic 
approach uses software simulations, but the result is strongly 
dependent on the expertise of the evaluator. This means that 
incorrect selection of risk factors, incorrect definition of their 
probability distributions or unprofessional evaluation of 
simulation outputs can also lead to incorrect decisions in the 
company. 

The limitation of the study is the fact that the uncertainty of 
demand was not considered in the stochastic approach of the 
solution. In order to increase the reliability of the forecast, it is 
appropriate that, where historical data exist, uncertainties be 
defined using quantitative forecasting methods. For this 
reason, further research in this area will focus on the use of 
simulations and quantitative forecasting methods in solving 
optimization problems in the field of investment decision-
making. 
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