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Abstract. The article shows the practical value of biogas as the second generation biofuel. All the
projects dealing with biogas are subjected to external risks, such as the change of market condition,
customer needs, governmental regulation, etc. In conditions of uncertainty it is necessary for
administration to concentrate on decision-making. Fluctuations of sales volume, energy resources and raw
material prices, etc. should be taken into account. Sensitivity analysis can predict the result of negative
external phenomena. We developed the economic-mathematical model for the analysis of biogas
complexes sensitivity. The profitability index as a criterion for the effectiveness of investment projects is
a special feature in this model. The calculations show that biogas optimal distribution provides much
larger gross income. We also suggested the methodology for sensitivity analysis implementation in
investment projects for biogas complex creation. According to our calculations, the most stable project
has utilization both biomethane (as motor fuel) and carbon dioxide. We demonstrate that the use of the
profitability index as a criterion for an investment project gives higher critical values of input external
factors, that endows assured profitability of an investment project.
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Introduction

Exhaustible fossil energy resources and ecological problems are among the major
threats of modern civilization. Therefore, nowadays there are acute problems such as
efficient use of traditional energy resources, implementation of energy-saving
technologies, reduction of energy production intensity and the use of alternative energy
resources including renewable ones (Brower et el., 2006; Stern, 2007).

Science has developed and used the civilizational approach to the understanding of the
history of mankind. The transition from one stage of civilization maturity to another takes
place due to deep qualitative changes of productive forces of the society and growth of labor
productivity. These changes are impossible without an increase in the use of energy resources.

In the researchers’ opinion, the power engineering is developed as follows (Fig. 1.):

e reducing energy intensity of production;
e increased use of fossil energy resources, which reserves exceed the reserves of
petroleum;
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e the use of renewable energy sources;
e the use of energy resources has to comply with envirinmental standards.

Since the end of the twentieth century, there has been a tendency to reduce the use of
hydrocarbon fossil fuels due to intensive utilization of renewable energy, including
biofuels. Therefore, there has been a spiral trend in the use of energy at a higher
technological level. In ancient times, biofuels were used in the primary form (wood or
agricultural waste), but nowadays they are mainly utilized in a more convenient,
processed form such as briquettes, liquid or gaseous biofuels.

The first generation biofuels are produced from crops. As a result, it decreases food
producing. More than one billion people are starving regularly worldwide. In 2008 this
fact forced the United Nations to appeal to suspend production of biofuels from crops
which can be used for food (LSB, 2013). Thus, production of the second-generation
biofuels (from non-food plant resources) is a promising direction. It will not increase
the deficit of food crops (Patyka et al., 2016). Animal and crop waste, municipal and
industrial waste water, solid waste landfill are substrates for biogas production. Such
gaseous biofuel can be used as a substitute for natural gas and motor fuels. Therefore,
biogas production is an encouraging step forward.

Main energy strategy directions

A 4 A\ 4 A 4
Reducing Use of energy resources, with Use of renewable
energy larger reserves than petroleum energy resources
intensity

J
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Resource-saving
technologies
Nuclear power
Liquid biofuels
Gaseous biofuels
Solid biofuels

Energy-saving
machinery complexes
Natural gas

Figure 1. Main energy strategy directions in power engineering

A significant number of countries are increasing biogas production (ePURE, 2014;
Alberici and Toop, 2013). Thus, in China, biogas production has reached 15 billion m®
per year. This equals about 7,5 million tons of oil equivalent. Futhermore, in the EU,
biogas production exceeds 13 million tonnes of oil equivalent (EBA, 2013).

Moreover, biogas meets recent environmental requirements. In accordance with the
requirements of the Directive 2009/28/EC, reduction of greenhouse gas emissions in the
implementation of renewable energy technologies should be at least 35% compared to
fossil fuels use. Biogas use reduces greenhouse gas emissions by 56-86%, depending on
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the substrate and way of its utilization. This renewable gaseous fuel meets the
requirements of the second generation biofuels (Geletukha at al., 2014). Thus, biogas
production and use can be an attractive investment. Its use allows both to meet the
requirements of the post-industrial society and make a significant contribution to the
energy security.

All investment projects, including building of biogas plants, are subjected to risks.
They are forced with uncertainty. It is a result of a lack of firm data concerning
conditions and parameters of investment project implementation. The administration
should focus on making decisions to achieve maximum profitability in the condition of
uncertainty. Therefore, it is necessary to assess the impact of negative external factors
on effectiveness of an investment project (Pikler, 2014).

Evaluation of investment projects is possible while applying different methods, such
as the break-even analysis, sensitivity analysis, scenario method, theory of games,
decision-making theory, etc. One of the simplest and most effective methods is
sensitivity analysis. This analysis is a calculating procedure used to predict the impact
of input data on output results of a project. This procedure is often used for investment
decision-making related to investment project evaluation in conditions of uncertainty
(Adler, 1987; Kalinichenko et al., 2016). However, the methodology of sensitivity
analysis for investment projects of biogas producing is still not developed enough and
needs to be investigated.

The aims of this study were to clarify the procedural technique for the sensitivity
analysis of a biogas plant investment project, determine the degree of input values set
influence on their cost-effectiveness and reveal the difference in results for the accepted
criteria: NPV and PI.

Literature Review

One of the challenges for the biofuel industry, including biogas plants, is the high
level of uncertainty. These uncertainties complicate the assessment of investment
decisions (Kim et al., 2011). The input variables are regarded as uncertain. These are
the investment costs, discount rate, sale prices, sales volume, economic plant life, etc.
The sales volume consists of electricity, heat, fertilizer, biomethane, by-product (carbon
dioxide). They are every year changeable and dependent from the current market prices.
Both the achievable sales volume and the selling price are uncertain (Blohm, 2006;
Hoffmeister, 2008; Pikler, 2014).

The sensitivity analysis is suitable if there is no statistical data. It allows us to
identify factors on which managers’ attention should be focused during project
implementation (Willem and Groenendaal, 1998; Borgonovo and Peccati, 2004). The
purpose of the sensitivity analysis is selecting “critical” variables of the model which
have the biggest influence on the criteria of an investment project and cause the most
significant changes in these parameters.

The theoretical risk classification, assessment methods and risk management have been
studied by a number of scientists. The analysis of these works shows that the risk is a
complex, multifaceted phenomenon. There are different interpretations of the concept.

The studies were focused both on the general sensitivity analysis of investment
projects and the risk in general (Milanovi¢ et al., 2010; Burja and Burja, 2009; Analti,
2003; Jovanovic, 1999). The sensitivity analysis is a mandatory attribute of the financial
analysis of energy projects.
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Federica Cucchiella and Indiano de D’Amado have evaluated financial feasibility of
biomethane plants and proposed a mathematical model. The Net Present Value and
Discounted Payback Period are the indicators of the above. The sensitivity analysis on
the critical variables was also conducted (Cucchiella and D’Amado, 2016). General
aspects of the sensitivity analysis were studied by Mirela Iloiu and Diana Csiminga. In
their research, viability of investment projects are based on the Internal Rate of Return
(IRR) and Net Present Value (NPV) criteria (Iloiu and Csiminga, 2009).

Despite the number of studies (Menind and Olt, 2009; Kossmann et al., 2009; Pingping,
2010; Amnorsso, 2011), the sensitivity analysis is still not very well understood and this
reduces the quality of management decisions. The sensitivity analysis of biogas projects is
used to facilitate decision making under uncertainty. This can provide an adequate insight into
the possible problems for the decision maker (Mészaros, 2014).

Peter Jovanovic considered the Net Present Value, Internal Rate of Return and
Payback Period as criteria of investment projects (Jovanovic, 1999). In the authors’
previous study, only NPV was accepted as a criterion (Gavrish and Perebijnos, 2015).
The NPV is an absolute criterion, which cannot give an unambiguous answer about a
project’s suitability. In our opinion, the Profitability Index (PI) is a more appropriate
criterion. That is why both NPV and PI criteria are used for this study.

Research Methodology

The methods used in this study include on-site data collection and literature review.
The on-site data collection includes technical information about biogas plants
accumulating, their efficiency, risk and uncertainty. The literature review helps to do a
financial analysis.

First of all, we defined a set of criteria as a basis for the investment project
evaluation. The assessment of an investment project is actually based on an estimation
of future cash-flows. We also selected and identified a set of input key factors.

The resulting calculations are the values of individual criteria determining the values
of certain input variables to determine the maximum (or minimum) values that certain
variables can take if the investment project remains profitable. Finally, the results were
analyzed and interpreted. It helps us to prevent or remove adverse impacts and make
certain improvements.

Mathematical Model Development

In this study, the net present value and profitability index were chosen as criteria of
the investment project. The NPV and Pl have been selected as they are the main
parameters for investors while making decisions.

The NPV is a difference between the present value of cash inflows and present value
of cash outflows. The profitability index is a ratio of payoff to investment of a
suggested project. It allows to quantify an amount of value created per unit of
investment. If the PI is more than 1.2, a project is acceptable.

The sensitivity analysis procedure is as follows:

e identify all the variables used to calculate the output of economic analyses;

e carry out a qualitative analysis for an impact of the variables in order to select
those having little or marginal elasticity;

e having chosen the significant variables, it is possible to evaluate their elasticity;
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e identify the critical variables, apply the chosen criterion.

In the investment project evaluation, there is a set of input values (income, costs,
discount rate, value of investments, etc.) and a set of output ones (NPV and PI). Having
used the input values, it is possible to determine certain individual output values (Fig. 2)
(Stone, 1988).

Input values

Calculating values of individual
criteria: Output values of criteria

- Net Present VValue (NPV) >

- Profitability Index (PI)

4

Figure 2. Calculation of individual criteria using input and output values

Let us analyze the critical points, i.e. determine the level of project-specific factors
leading to the zero net present value. With respect to the biogas plant, the NPV is
defined by the following formula

" GI, —OC, (

NPV = ~ 1, +Z|—a"} (Eq. 1)

= (1+d) T (1+d)"

where Gl; is a gross revenue from the biogas plant operation (use of electrical energy,
thermal energy, biomethane as motor fuel, carbon dioxide, manure, etc.) in the i time
period, EUR; OC; is operating expenses in the ith period, EUR; d is the discount rate; n
is the economic plant life, years; lo is the initial cost of the total investment, EUR; I, is
a the cost of the j™ additional investments, EUR; T; is time of the j" additional
investment, years.

While projects are planned to operate and be efficient for a time period of
approximately 20 - 25 years, we assume that their plant life is 20 years (Gkamplia et al.,
2012; Henning, 2011). But a depreciation period of some equipment (pumps, stirrers,
heating system, combined heat and power generation, etc.) is shorter and is about 7 - 10
years (Henning, 2011). So, additional investments are made to renovate some
equipment with shorter lifetimes.

As for the profitability index, its value should not be less than 1.2

" Gl -OC,
Bl = .Zzll (1+d)

Ty

Next, we will consider three ways of biogas utilization with:
e combined heat and power generation;
e motor fuel replacement;

>1.2 (Eq. 2)
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e motor fuel substitution and carbon dioxide use (resulting in biogas upgrading).
We propose to study an impact of the following major risk factors:
the initial investment value;
the additional investments value;
the substrate cost;
the biogas plant load factor;
the discount rate;
e the actual biogas plant life;
e biogas plant operating expenses;
e revenue from electric power sale;
e revenue from heat sale;
e revenue from biogas (biomethane) sale (as motor fuel);
e revenue from carbon dioxide (by-product of biogas upgrading) sale.
The factors having a low variation are the most risky elements of the investment
project. The relative deviation of each factor is determined as follows:

AF = %-100% (Eq. 3)

0

where F, is the influence factor value established according to the initial prognosis;
Fer is the critical influence factor value.

To determine the degree of influence of each factor on the net present value, we
should to determine the elasticity coefficient. Therefore, we use the following formulas:

dNPV / NPV
Epoy/p =— ———— Eq. 4
NPV /F dF/F ( q )
or
dP1/PI
AR Eq.5
PI/F dF/F ( q )

These expressions determine the elasticity at a particular point. In many cases
(including dependence of the linear model), elasticity is different at various points.
Thus, it is advisable to calculate the average value of the elasticity coefficient as a ratio
of percentage changes in NPV, Pl and F

ANPV / NPV
= E . 6
NPV /F AF/E (Eq. 6)
or
API /Pl
=—_ Eq. 7
NPVIF T T ETE (Eq.7)

Having taken into account that (for NPV)
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ANPV = NPV (F,)— NPV (F,),
AF =F, —F,,

F=05(F+F,)
NPV =0,5-(NPV (F,)+ NPV (F,)),

we get the final expression for the elasticity coefficient (for NPV)

(NPV (F, ) — NPV (F,))/(NPV (F,) + NPV (F,))

E = Eg. 8
nPIE (F _Fo)/(Fo+Fcr) (q )

cr

A positive value of the elasticity coefficient indicates the coincidence of trends of
both factors and the net present value, and a negative one — that the directions of the
changes of a factor and NPV have different signs. In equation (1) at the critical point
NPV(F.) = 0. If NPV(F,) = 0, then the elasticity factor is

(0-NPV (F,))/(NPV(F,)+0) F +F,

E = =— Eqg. 9

N (Fcr - Fo )/(Fo + Fcr) I:cr - Fo ( | )
Similarly, we obtain the expression for the profitability index
PI(F,)-PI(F,))/(PI(F,)+PI(F

Ep|/|: :( ( CI’) ( O)) ( ( O) ( cr)) (qu 10)

(Fcr - Fo )/(Fo + Fcr)

In equation (2) at the critical point PI(Fcr) = 1.2.

Sensitivity Analysis Procedure

Performing the sensitivity analysis procedure involves the study of changes in the
indicator, considering the remaining constants. If we take into consideration that the
additional capital investments are made once in a biogas plant lifetime, the equation (1)
is simplified and takes the following form

.Gl -0C, I
NPV _;W (IO + (1+d)TJJ (Eq. 11)

If we assume that there is a regular cash flow, the annual return will be

R, =GI, —OC, = const (Eq. 12)
So,

_GL-0C [l Y a1 |
s v (v e e O

Let us determine the critical point, i.e. the value of specific factors leading to zero net
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present value.

All the factors influencing the project effectiveness can be divided into two groups:
the first group includes general ones (independent on technological features of the
investment project) and the second group (dependent on technology). The values of the
initial investment, additional capital investment, lifetime, discount rate belong to the
first group. The values of the biogas plant load factor, revenue from energy resourses
(biomethane, electric and heat power) and carbon dioxide sale belong to the second
group.

The actual investment costs may deviate from the established ones according to the
initial prognosis. They may be a result of tax legislation amendments, for example. The
critical value of the initial investment is

n I,

o .Z 1+d) (l+d) (Fa. 14)

where Ry is the annual return according to the initial prognosis.

Such substitution can be made in case of constant difference in the gross income and
operation expenditure during the project lifetime.

The critical value of additional investment is

| =(+d) ( Z J (Eq. 15)

The critical value of the annual return is

ot
R~ ) (Eq. 16)
2

= (1+d)

The critical value of the project lifetime can be determined as the discounted payback
period (provided it is shorter than the additional investment period). If we take into
account that

n 1-(1+d)™"
le 1+d) d (Eq.17)

the discounted payback period is equal to
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Ter =DPP =- Eq. 18
“ In(l+d) (Fa. 18)

The critical value of the discount rate is found from the equation

I,
0= Z1+d) (" (1+dcr)“} (6 19)

where d, is the critical value of the discount rate.

The root of the equation (19) is found numerically. In fact, the critical value of the
discount rate is equal to the internal rate of return, i.e. d, = IRR.

Let us consider the factors that are directly determined by the parameters of the
biogas plant and its products. A gross income from the biogas plant operation and all
related costs are determined as follows. Based on this, we consider the impact of the
following factors on the project effectiveness: the substrate cost, operating expenses,
heat and electricity use, biomethane use to replace conventional motor fuel (gasoline or
diesel), carbon dioxide use.

The substrate cost is equal to

SC=M,-S, (Eg. 20)

where M;s is the annual consumption of the substrate, ton; Sy, is the substrate price
(production cost), EUR/.

The critical value of the substrate price (production cost) can be found from the
following formula

Ro =Ry =Ms(S,. +(Sp. =S, ) (Eq. 21)

where S is the substrate price (production cost) in the base case, EUR/; S is the

critical value of the substrate price (production cost), EURIL.
So, the critical value of the substrate price (production cost) is

_ o _ = (L+a) (Eq. 22)

The critical value of operating expenses is
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|
ey
0C, =Gl - (1+1d) (Eq. 23)

S (1+d)

Let us consider three possible options of the biogas plant project. A company (a
founder of the biogas plant project) may consume both heat and electric energy. Three
options of biogas utilization have been considered:

e the company’s energy requirements are covered with heat and electric energy
produced by biogas plants;

e upgraded biogas (biomethane) is used as motor fuel (instead of petroleum
fuels), carbon dioxide (a by-product of upgrading) is not used;

e both upgraded biogas (biomethane) and carbon dioxide are utilized or sold at
the market price.

Biomethane and carbon dioxide are primary meant to be sold externally.

The gross income for the first option is determined as follows:

Gl =W, -E, +Q,-H, +M,-M, (Eq. 24)

where W is electric energy production and use, KWh; Qe is heat energy production and
use, KWh; Eyy is the electric energy price, EUR/KWh; H,, is the heat price, EUR/KWh;
M is the annual manure production, t; My, is the manure price, EUR/t.

So, the critical values of the electricity and heat consumption will be

W, =W, - R, =Ry (Eq. 25)
pr
and
R0 B Rcr
Qecr = Qe - (Eq 26)
H,
The critical value of the manure utilization volume is
R -R
Mm, = Mm,————~ (Eq. 27)
M,
The equation for determining the gross income in the second option is
Gl =V, -&-F +Ms-S (Eq. 28)
b Q pr pr
f

where Fp, is the motor fuel price, EUR/liter; Vy, is annual biogas production according
to the initial prognosis, m*; Qy is lower heat values of biogas, MJ/m®; Q; is lower heat
values of motor fuel, MJ/kg.
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The critical value of biogas volume (in the form of biomethane) to substitute
petroleum motor fuels is

Ve =Vho RoRe Q0 (Eq. 29)
Fpr Qb
The equation to determine the gross income in the third option is
Q
Gl :Vb-Q—"-Fp,+0,01.§-V,D-CDprJrMm-Mpr (Eqg. 30)
f

where Vyo is annual production of biogas according to the initial prognosis, m* & is
carbon dioxide content in biogas,%; CDy is the carbon dioxide price, EUR/I.

The critical value of biogas volume (in the form of biomethane) to substitute
petroleum motor fuels is determined by the formula (30), and the volume of carbon
dioxide sale is

R, - R
CD

pr

V

=0,01-&-Vb, =0,01-£-V,, — i (Eq. 31)

cd cr

If the maximum possible change of a factor does not result in reduction of the net
present value to zero, the critical value of the net present value is

NPV " = NPV (F") (Eq. 32)

where F* is the maximum possible value of a factor.

Let us consider the determining of critical points if profitability index is used as a
criterion of an investment project. At the same time, we are going to take into account
the fact that the profitability index values should be at least 1.2.

The critical value of the initial investment can be found from the equation of the
profitability index

PI"=12=——" (Eq. 33)

So,

ly =+ Eq. 34
cr PI (1+dcr)Tj ( q )

The critical value of the additional investment is
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>

o =, )| )y (€939
The critical value of the annual return is
o+ 3
* ( (1+ dcr )Tj J
R. =Pl (Eq. 36)

i=1

¢ S 1
2 (L+d)

The critical value of the economic plant life is to equal to the Discounted Payback
Period (DPP)

Inf1-P1"-d-—— "=/

T, =DPP =

Eq. 37
In(L+d) (Ba.37)
Example of Sensitivity Analysis

In order to exemplify the sensitivity analysis, the below biogas plant project is used.
The annual capacity of biogas plant is equal to 599,1 thousand m®. The initial data for
different variants is listed in Table 1.

Table 1. Initial data for biogas plant project options

. Options
No Parameters Unit 1 5 3
1 Initial investment thgg;nd 765.22 884.78 913.48
2 Additional investment th‘é‘ﬁ;”d 19130 | 31087 | 33957
3 Period of additional investment year 11.00
4 Annual biogas production thousand m® 590.21
5 Lifetime of project year 20.00
6 Discount rate 7.50
7 Annual consumption of thousand 92.97
electricity by a biogas plant kWh '
8 Annual consumption of thermal thousand 449 36
energy by a biogas plant kWh '
9 Annual use of biogas to thousand m’ 0.00 282.73 282.73
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substitute diesel fuel
Annual carbon dioxide 3
10 production thousand m 0.00 0.00 171.75
1 Company’s annual eI_ectrlcaI thousand 1146.96 0.00 0.00
power consumption kwh
12 Company’s annual thermal thousand 1029.86 0.00 0.00
energy consumption kWh

To assess financial risks, we will use the above factors. The resulting calculations are
demonstrated in Table 2.

Table 2. Project sensitivity analysis

Relative deviation
Option 1 Option 2 Option 3
Ne Parameters se 25 88 25 82 25
S g S S S = S =
Sc | 85 | 8« | 8% | 8w 2%
25 |Wg | E5 | W8 | %5 | WS
@) @) @)
1 Initial investment 0.61 -4.30 0.36 -6.55 1.58 -2.26
2 | Additional investment 5.37 -1.37 2.27 -1.88 9.44 -1.21
3 | Plant’s economic life -0.59 2.37 -0.52 2.88 -0.77 1.58
4 Discount rate 1.13 -2.77 0.84 -3.39 2.57 -1.78
5 Bioga? plant-load 035 | 467 | 024 | 743 | -058 | 247
actor
6 | Substrate cost value 1.45 -2.38 1.00 -3.00 4.53 -1.44
7 Operating expenses 0.76 -3.64 0.15 -14.62 0.58 -4.45
8 Electric energy use -0.41 3.91 - - - -
9 | Thermal energy use -0.99 1.03 - - - —
10 Manure sale* -1.00 0.90 -0.73 1.76 -1.00 0.54
11 | Diesel fuel substitute - - -0.12 15.51 -0.55 2.64
12 | Carbon dioxide sale - - - - -0.94 1.13

* Zero scope of manure use does not lead to a decrease in the net present value to zero in the first and
third options.

The obtained data shows the main risk factors for the project:
o the first option — biogas is utilized to generate electric or/and heat power;
¢ the second and third options —biogas is used to substitute diesel fuel.
The projects’ options prove to be stable to the value of an additional investment and
substrate cost value. Use of the PI as a criterion for an investment project gives lower
values of the input critical variables (Table 3).
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Table 3. Comprehensive assessment of the project sensitivity

Option 1 Option 2 Option 3
o S v S v S v S o S o ©
2> | 28_|2€>| 2€_ | 2€> | 2€_
82ha | 837 | 8342 | 833 | 834 | 831
Ne Parameters G52 | 655|652 | 655 | 5% | 05 o
T2 | st W 8L | 82| ®G.C
Qe @ L 8w Lo & £ L O 'w Lo @ £ L 8w
= %Y 'n e i | = = 'n = - 3 = ' e
' ®© S ' @®© ' ®© S ' @®© ' ®© S ' @®©
0% 0% 0% 0% 0% 0%
Initial investment
1 value 0.61 0.32 0.36 0.11 1.58 112
Additional
2 investment value 5.37 2.86 2.27 0.67 9.44 6.68
Project lifetime -0.59 -0.38 -0.52 -0.17 -0.77 -0.66
Biogas plant load ) ) ) ) ) )
factor 0.35 0.22 0.24 0.08 0.58 0.49

The sensitivity analysis of the project was carried out graphically. It is proposed to
improve the classic method by introducing a line of the minimum allowable value
project performance criteria (NPV = 0 or Pl = 1.2). In percentage terms, the NPV = -
100%, while for the P1 it is

*

Pl = %-100% (Eq. 34)

Fig. 3 shows that 20% decrease of return and 30% increase of investment cause
critical reduction of PI. In the second option, 10% deviation of investment or return
makes the project unprofitable (Fig. 4). The third option proves to be the most stable
one (Fig. 5). The sensitivity analysis shows that the NPV and PI approximately respond
to changes in the biogas plant capacity.
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Figure 3. Sensitivity analysis of the first option
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Figure 4. Sensitivity analysis of the second option
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Figure 5. Sensitivity analysis of the third option

Conclusions

The profitability index is proposed to be used as a criterion of an investment project
for the sensitivity analysis procedure. It can guarantee profitability of an investment
project at the critical points. The economic and mathematical model for sensitivity
analysis of an investment project of biogas plant has been developed. It takes into
account the main input factors having influence on a project criterion.

According to the calculations for the biogas plant projects, the most risky option is to
use biogas as vehicle fuel and not to use its by-product (carbon dioxide). The most
sustainable project is using both biomethane (as vehicle fuel) and carbon dioxide for
sale. This study has revealed that biogas plant progects are more sensitive to biogas

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 15(4):969-985.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1504_969985
© 2017, ALOKI Kft., Budapest, Hungary



Kalinichenko et al.: Sensitivity analysis in investment project of biogas plant
-984 -

plant load factor, and less sensitive to the additional investment and substrate cost.

For further research, we suggest taking into account the scenario method to study
probability of external factors. The sensitivity analysis methodology can be improved.
The price ratio of biomethane and petroleum fuels should be subject to future study.
Moreover, location and capacity have a high level of uncertainty.
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