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Introduction and optimization of the use of the energy and resource saving innovations in the production
process of enterprises is one of the main conditions ensuring stable development of the economy of any country. Due to
the high level of consumption of fuel, energy raw and auxiliary materials, the introduction of these innovations is
relevant for processing plants. At the same time, management of the energy and resource saving innovations at these
enterprises is complicated by the lack of investment in the processing industry as a whole, low efficiency of use of the
enterprise own financial resources and high level of the credit risk inherent in the innovation projects. In this regard, the
aim of the article is to develop a methodology for evaluating the economic efficiency of innovative energy and resource
saving projects. To achieve this goal, the following research methods were used: system analysis, economic and
mathematical modeling, abstract and logical method. The proposed as a result of the study method of assessing
economic efficiency of innovative projects on the energy and resource saving can be used in the process of integrated
management of the energy and resource saving innovations at the processing plants by implementing basic standards of
resource management taking into account possible risks.

Keywords: processing enterprise, management, resources, energy, innovative project, investment,
methodology.
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1. Introduction

Given the strengthening of the national economies integration into the world economy, one
of the main conditions ensuring stable economic development of any country is the introduction and
optimization of energy and resource saving innovations in the production activities of enterprises.
At the same time, the use of these innovations is relevant for processing enterprises due to the high
level of consumption of fuel, energy, raw and auxiliary materials (Hnatenko, Kuksa, Naumenko,
Baldyk, Rubezhanska, 2020; Kuksa, Hnatenko, Orlova-Kurilova, Moisieieva, Rubezhanska, 2019).
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However, management of the energy and resource saving innovations at these enterprises is
complicated by the lack of investment in the processing industry as a whole, low efficiency of use
of the enterprise own financial resources, and high level of credit risk inherent in innovation
projects (Bilan, Zos-Kior, Nitsenko, Sinelnikau, Ilin, 2017; Kuksa, Shtuler, Orlova-Kurilova,
Hnatenko, Rubezhanska, 2019; Gryshko, Zos-Kior, Zerniuk, 2018). In this regard, the priority in the
development of the processing industry is the constant modernization of production technologies,
optimization of the interaction of financial and credit institutions with processing enterprises,
development and implementation of the economic management mechanisms that will ensure the
most efficient use of the resources available for the enterprises.

The scientific works of many scientists are devoted to the study of innovations in the field of
energy and resource saving and the organization of their implementation in the production activities
of enterprises in various sectors of the economy (McAdam, Dunn, McCall, 2014; Stroud, Evans,
Weinel, 2020). Thus, Xu, Wang, Chiu, Ren (2020) using the financial and economic indicators of
23 heat and power companies in China conducted an empirical study of the impact of innovative
technologies on the energy and resource saving efficiency at these enterprises. Zhang, Li, Han,
Geng, Chu (2020) proposed the AP-MNR method for energy saving and optimization of resources
for real production processes at the processing plants. Zhang, Huang, Yang (2020) and Cunha et al.
(2020) conducted a study of the impact of energy saving measures on the financial indicators of the
enterprises in China and Portugal. Li, Zeng, Xiao, Cao, Yang, Zhang (2019) proposed the use of
resource value analysis to reduce the energy and resource consumption, minimize negative impact
of manufacturing enterprises on the environment and encourage sustainable development of the
entities with limited resources. The articles by Choi, Thangamani, Kissock (2019); He, Liao, Bi,
Guo (2019) present a systemic model for identifying and selecting innovative projects to improve
the efficiency of use and storage of resources in the processing industry. Ting (2011) proposed
measures of state support for energy and resource saving at the paper producing enterprises by
introducing innovative technologies into production. Dobes et al. (2017) developed a
comprehensive tool to identify potential sources of funding for innovative resource saving projects
at agri-food enterprises in Central Europe. Scientists Nofal, Yusof (2013); Chofreh, Goni, Klemes
(2017) considered methods of implementing a system of sustainable resource planning to ensure the
efficiency of energy and resource saving at processing enterprises and, as a consequence, their
stable development and operation. Ozbugday, Findik, Ozcan, Bas¢1 (2020) based on the study of the
enterprises operating in energy-intensive industries in European countries, tested the hypothesis that
investing in the innovative energy and resource saving projects will increase the growth rate of
small and medium enterprises through increasing the efficiency of use of the available resources.
Briiggemann, Stempin, Meier (2020) considered the specifics of data visualization in the energy
management systems of industrial enterprises, which provides the use of new approaches to
optimizing the use of resources in the production process.

Paying tribute to the above research, it is worth noting the need for further research to
improve the management of energy and resource saving innovations at the processing enterprises.
Therefore, the aim of the article is to develop a methodology for evaluating the economic efficiency
of innovative projects on energy and resource saving.

The object of the study is processing enterprises using energy and resource saving
equipment and technologies in their activities. The subject of the study is management of energy
and resource saving innovations at the processing enterprises.

The theoretical basis of the research was fundamental propositions and scientific works on
innovations in the field of energy and resource conservation and organization of their
implementation in the production activities of enterprises of various sectors of the economy. The
research methodology is based on the dialectical method of cognition of socio-economic
phenomena, systematic and comprehensive approaches to the implementation of energy and
resource-saving innovations in the activities of enterprises, which provided an opportunity to
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develop optimal methods for assessing the economic efficiency of innovative energy and resource
saving projects.

The study used the following methods of cognition of economic phenomena and processes
to solve the problems posed in the work: system analysis - to reveal the basics of the conceptual
apparatus for the analysis of innovative projects on energy and resource saving; economic and
mathematical modeling — to calculate the model for assessing the economic efficiency of the
components of the energy and resource saving innovation projects; abstract-logical method - to
formulate conclusions and make theoretical generalizations on the formation of methodology for
assessing the economic efficiency of innovative projects on energy and resource saving.

The method of evaluating economic efficiency of innovative energy and resource saving
projects, proposed as a result of the study, can be used in the process of the integrated management
of the energy and resource saving innovations at the processing enterprises by implementing basic
standards of resource management and taking into account possible risks.

2. Research results and discussion

We believe that analyzing the effectiveness of innovative energy and resource saving
projects at the processing enterprises, it is advisable to compare two alternative situations when the
enterprise implements or does not implement these projects. In a modified form, this situation can
be represented as formula (1):

P = APp.r. - AKp.r. (1)

where P is profit generated by resource savings achieved in the process of implementing the
program of resource saving innovations;
AP,, are profit changes caused by resource savings achieved in the process of
implementing the program of resource saving innovations;

AK,, are changes in costs caused by resource savings achieved in the process of

implementing the program of resource saving innovations;

This approach characterizes the economic efficiency of the energy and resource saving
innovation projects in the most general form. Its detailed study, however, requires the use of a more
advanced apparatus.

Based on the methods of analysis of investment projects (Petryk, Semenov, Hnatenko,
Samiilenko, Rubezhanska, Patsarniuk, 2020; Samborskyi, Isai, Hnatenko, Parkhomenko,
Rubezhanska, Yershova, 2020; Hnatenko, Orlova-Kurilova, Shtuler, Serzhanov, Rubezhanska,
2020; Goncharov, Zos-Kior, Rakhmetulina, 2013; Ganushchak-Efimenko, Hnatenko, Kozhushko,
Rebilas, Rubezhanska, Krakhmalova, 2020), the economic efficiency of the energy and resource
saving projects at the processing enterprises can be determined using a system of indicators that
reflect the ratio of costs and results. These indicators include: PV - present value, NPV - net present
value; IRR - internal rate of return of the project; PBP - payback period; PI - profitability index and
MIRR - modified internal rate of return. Let us consider these indicators in more detail.

Thus, PV characterizes the present value of the cash flow generated by the energy and
resource saving project (2):

Pm
S (A+n™ )

where m is the number of years during which the calculations are performed.

PV

The NPV indicator is calculated as the difference between the values of resource savings
discounted before the start of the project and values associated with implementation of the project
on the energy and resource saving innovations (3):
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NPV = Z NPV, 3)

where n is the number of individual measures for the implementation of the energy and
resource saving innovations.

Let P and S be respectively discounted values of the profit generated by resource savings
and costs associated with implementation of the project on energy and resource-saving/conservation

innovations. Then (4-5):
T
t
b= Z 1pJ(r)' v
i (1+10)

s =s® L, i=>KO +V+h,
; /(1+1) = K( )

where p(t) is income/profit generated by resource savings during period t;

s(t) is cost of implementing the program of resource saving innovations in the period t;
i is discount rate;

t =(1,...,T) istime period.

(4)

—

Based on (2) and (3), net discounted income from energy and resource savings resulting
from the project on energy and resource saving innovations can be calculated by expression (6):

T
t s(t
NPV=P-S = % - (].(T)l)t
t=1 t=1 (6)

Since the NPV indicator is significantly influenced by the discount rate (i), it is advisable to
assess and analyze the economic efficiency of the energy and resource saving innovation projects
by calculating the dependence of the NPV on the discount rate.

The IRR indicator is the i*discount rate, at which the discounted value of the energy and
resource savings expected from an innovative project on energy and resource saving at the
processing plant is equal to the discounted cost of its implementation, i.e. the total economic effect
covers the amount of borrowings, interest on them and the corporate income tax. So (7):

IRR = i*; {NPV(i*) = 0},

o p(D) — st
NPV =D P R = O
£ (1+1RR) @)

The value of the indicator is the threshold value of the discount rate at which the
implementation of the project is appropriate. The decision on project financing should be made on
the basis of comparing IRR with the normative profitability of the project on the energy and
resource saving innovations. Furthermore, the higher the value of IRR and the greater the difference
between its value and the normalized discount rate, the greater the margin of financial strength of
the project is.

PBP is the payback period of an innovative energy and resource saving project, defined as
the period of time t* required to recoup the investment with the money saved during the project
implementation and accumulated by the enterprise. Analytically, the payback period of the project
is defined as (8):

PBP = t*; {NPV(t*) = 0}. (8)
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The implementation of the project is appropriate if the calculated payback period does not
exceed the repayment period of the loan agreed with the investor.
PI is profitability index which reflects the relative profitability (discounted profitability) of
the project (9):
v _p@®
pl = 2t=1 1+ r)t
T _s(t)
S+t (9)

This indicator characterizes the efficiency of investment in the project implementation and
must meet PI > 1 condition.

Another indicator, similar in content to /RR, is a modified internal rate of return - MIRR
calculated by formula (10):

KO NP (1+g)
~ (1 + g)t ~ (1 + MIRR)t ' (10)

To assess the future costs and results of innovative projects on energy and resource saving, it
IS necessary to determine the limits of the calculation period, the duration of which (planning
horizon) is taken based on the duration of the development and implementation of the energy and
resource saving innovations, achievement of the set characteristics of savings from the measures
realization, and investor requirements.

To determine the economic efficiency of the project on the energy and resource saving
innovations, we consider it necessary to introduce the following indicators:

CJ; are funds invested in the j measure;

NPV; is return on the j measure;

PJ; is profitability of the j measure.

Let JV be the funding for the project under study. Then (11):

n

Z:’ (11)

where n is the number of measures.
Return on the project (12):

NPV = Z NPV, (12)

Given that the considered projects are implemented during one year, their present

discounted value will be determined as follows (13):
P

V=15 (13)
where P is the expected inflow of funds from savings resulting from the program
implementation;

i is discount rate.

Without taking into account the probabilistic approach, each indicator can be given a certain
weight indicator through expert assessments and build a rating of energy and resource saving
measures. With this approach:

1) the greater the NPV in relation to CJ, the higher the "weight" of NPV

2) the greater the PJ and IRR in relation to the return on the assets of the enterprise, the
higher the "weight" of PV

One of the main problems in assessing the efficiency of innovations is the uncertainty of the
expected return. Due to the uncertainty of cash flows received from the implementation of the
energy and resource saving project, there is some risk of investing in the energy and resource saving
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innovations. To assess the risk, it is advisable to use the coefficient of variation (“iota-coefficient™)
(14):

o
I=w (14)
where ] is the iota-coefficient,
o is the standard deviation;
M is mathematical expectation of the estimated value.
For the draft measures (15):
oNPV

J=v (15)

where o NPV is the standard deviation of the net present value from resource savings during
project implementation.

The standard deviation NPV of the project is determined using the theorem of the

probability theory (16):
n
D==2§Il
j=1

where D = ¢ is variance of the NPV project.
D = o7 is variance of individual project measures. Then (17):

(16)

17)
It gives us the iota-coefficient of the innovative project on the energy and resource saving at

a processing plant (18):
n n
Inev = | D 0%/ ) NP,
j=1

= (18)
In the simplest case, if the "weights™ of the measures that can be included in the project have
the same indicators (19):

0 = 0p; NPV; = NPV, (19)

From (18) we obtain the ratio (20):

]:Im
\/H’

J="™/\py, (20)

where J,, is the iota-coefficient of the measure, which is equal to the ratio of the project
financing fund (CJ) to the cost of financing the medium-sized measure.
The obtained ratio is equivalent to (21):

_JFE
PR =5/ (21)

where PFR is the average risk of the insurer per firm;

JFE is individual risk of the firm;

n is the number of identical insured firms.

Thus, the risk of project implementation is lowered by reducing the average cost of the
measures included.
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Taking into account the risks, the guaranteed level of net present value from energy and
resource savings during the implementation of the energy and resource saving project can be
determined using the definition of the confidence interval of a random variable. It will be (22):

NPV > NPV — t - onpy = NPV(1 — t - Jnpy), (22)

where aypy IS the standard deviation of the net discounted value of the project;

Jnpy IS iota-coefficient of the project;

t is the coefficient of the confidence interval.

To evaluate the project, one can use the indicator of the guaranteed NPV, which is proposed
to be determined by using the following formula (23):

NPV,

NG=Fpv = 1t new, (23)

where NG is an indicator of the guaranteed NPV of the project on the energy and resource
saving innovations.
By the theorem on the variance of linear functions of random variables (24):

Dnpyv = Z Dnpy; = Z [GPV /(1 + 1)] a+2 (Z Pv)

\/—NPV I+i + 1 ory; JZ Opv? JZ Opy?
7

Inpv = M(NPV) 1+1 YR P
_PV_YPV,
GI ZGIJ-'
(ZG]]> > Doy,

Opj VD \/Z 02/(X GJ)? \/Z GPV

ST /A DT it

X Gy
(24)
For IRR, a similar expression would be as follows (25):
Y. PV
RR=—=—-1.
: LY
2 G]) Z pPV;-
1 ==
] _G_] ZG%V _ VZO'IZ;,V _ Jpv
—G] 2 PV(1 - W) (1- W) (24)
For NPV (25):
NG =1 — tpy. (25)
For PJ (26):
PG =1 — t]py. (26)

For IRR (27):
G
1G = [(1— tpv)/(1 ~ —P\],)]. (27
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These indicators depend on the number of measures included in the innovative project on
energy and resource saving, confidence probability; NG and g—{/ ratio.

But under current conditions, not only the flow of money from energy and resource savings,
but also the level of interest rates on loans and discount rates are unstable. Therefore, it is necessary
to clarify the definition of the coefficient of variation NPV, which depends on them.

Numerical characteristics of functions of a random variable are known to be determined by
decomposing them into a Taylor series, and are usually limited to a linear decomposition. Then for
the project on energy and resource saving we have (28):

NPV n—PVj C
_Zlﬂ_ )
]=

where NPV is expected value - mathematically expected net present value;
PV; is the expected value of the return on the j measure;

GJ is cost of financing the energy and resource saving project.
The variance of the function of random variables is defined as (29):

D= z(_)z <k T2 Z( (6Xm) mk * Oxp, Oxks 29)

where: D is the variance of the function;
D, is the variance of the k argument;

2 o o
% are individual derivatives.
k

(28)

If there is no correlation between the random arguments of the function, then the last term in
(29) is zero.
If the return from the project measure is correlated, then for PV (30):

D= ZD +ZZk 0j * Ok
j<k (30)

If all program measures are equally correlated o; = a; k;, = k, the expression will take the

form (31):
n
D=ZGZ+ZZkGZ=02 n+22k,
=1 i=1

where k meets the condition: —1 < k < +1.
Then the value of the iota-coefficient for the present value of the cash flow will be
determined by formula (32):

Y PV, PV, 'n M In n2 (32)

31)

From (32), having performed mathematical transformations, we can obtain the following
formula for estimating the iota-coefficient, which characterizes the overall risk of the project (33):

] 1 n—1
+ .
Jm n n (33)
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In addition, we believe that in determining the economic efficiency of the energy and
resource saving innovation projects, it is necessary to take into account the impact of volatile
discount rates. In the first approximation (34):

D ——)?D;.
(apv) vt (5D (34)
where Dypy IS variance of the net present value from the project implementation;
Dpy - variance of the present value of the cash flow generated by the project;
D?- variance of the discount rate;
d - partial derivatives.

1 1 1
= |——— o2, +PV? 2 = 2, + PV? )
ONPY j(l +1)2 PV + A+ "1+ i\/GPV + 1+1)2 (35)

where g; is the standard deviation of the discount rate

I _ ONPV
NPV = NPV’ (36)

where oy py IS the standard deviation of the net present value from project implementation.

1 .
NPV = ——— [PV — GJ(1 +1)].

NPV = v [1 1+
T1+i Ypy

NPV = [1 -4y D
- 13l ‘( +‘)/p—v]-
1 o
| ONpY 1+1\/GPV+PV (1+1) \/( PV)2_|_(1+ )2
NPV = -
NPV B - i/p) 1 (1+)/ 3]

Ji =0i/i >0y =]

]NPV=\/]PV (1 _:1)2 /[1_(1+1)/P]]

NP P
JNPV—JPVJH(] Ly’ /11— D/,

Jpv

Opy — /Z O-PV' ; PV = Z PVI

Y PV
=sg~t (37)
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Thus, using the obtained expressions that take into account the instability of discount rates
for NPV (38):
NG=1- t]va. (38)

where t depends on n (number of measures in the program of resource saving innovations)
and the confidence probability P.

Thus, we have identified seven parameters the economic efficiency of innovative energy and
resource saving projects at the processing enterprises depends on, namely:

number of measures of the project on the energy and resource saving innovations (n);

discount rate (i);

profitability of the energy or resource saving innovation (r);

iota-coefficients of savings from the implementation of each of the project measures (Jrv);

iota-coefficient of the discount rate (J;);

the ratio of the iota-coefficient of the discount rate and the iota-coefficient of the cash flow
generated by the energy and resource saving innovations ( ///,y);

correlation coefficients between the amount of savings from each of the energy and resource
saving project measures (k).

At the same time, it should be emphasized that the effective management of innovative
energy and resource saving projects requires improvement of the management mechanism of the
processing enterprises, its focus on the program-target planning and flexible management structures
that ensure the development of these entities in a rigid competition and constant changes in the
environment.

3. Conclusion

As a result of the study aimed at optimizing management of innovative energy and resource
saving projects at the processing enterprises, it is proposed to improve the methodology for
determining the economic efficiency of these projects by assessing the risk of each measure
included in the project and the project as a whole. In this regard the selection of measures for a
particular innovative project on energy and resource saving should be based on determining the
maximum economic efficiency and minimum level of risk of each of them. Optimal in terms of risk
project structure is ensured through effective risk diversification, which consists in selection of
measures aimed at saving energy and diverse types of resources. Risk reduction should be ensured
by the introduction of an effective management system of the processing enterprise, focused on the
implementation of energy and resource saving projects.

The use of the proposed method of assessing the economic efficiency of innovative projects
on energy and resource saving will promptly improve solutions in the process of integrated
management of the energy and resource saving innovations at the processing plants by
implementing basic standards of resource management and taking into account possible risks.
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