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DEVELOPMENT OF EXPERT 
ASSESSMENT METHODS IN PLANNING 
ENERGY SUPPLY OF BUILDINGS WITH 
RENEWABLE ENERGY SOURCES

The object of research is the process of expert evaluation in planning the energy supply of buildings using renew­
able energy sources. The conducted research is based on the application of system analysis methods to formalize 
the process of expert evaluation in the planning of an energy system with renewable energy sources. Here were 
used methods of expert evaluation of characteristics of qualitative criteria, methods of the theory of fuzzy sets 
and fuzzy logic for the formation of the value of criteria, and methods of estimating the reliability of the expert 
evaluation. Methods of structural analysis and functional modelling of information systems are used to build 
structural and functional models of the expert evaluation process. The issue of creating an appropriate information 
system for planning a power system with renewable energy sources is considered. One of the components of the 
information system is the unit for evaluating candidate experts. A six-level algorithm of the hierarchical structure 
of expert selection is proposed. As a result of the algorithm, an expert group is formed. This paper shows the process 
of narrowing the circle of experts from twenty to three candidates. The list of criteria influencing the choice of 
experts is formed: length of service, availability of the certificate, the efficiency of decision-making, education. 
The process of assessing the stability of experts’ opinions is shown. It is proposed to use the method of processing 
the opinions of experts to find the value of the membership functions of qualitative criteria. As a result of the 
study, a group of three experts was formed, whose opinions are taken into account when choosing alternatives to 
the energy system. In accordance with the proposed information technology of energy supply planning of build­
ings using renewable energy sources, an information system in the form of a web-oriented application is proposed.  
A separate part of the information system is a subsystem for working with experts. The diagram of sequence of 
actions of the expert and the interface of work with system is developed. The use of the information system al­
lowed to increase the efficiency of questionnaires of experts and decision-making on the choice of the optimal 
structure of the power system as a whole.
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1.  Introduction

In the context of a lack of traditional energy sources and 
an excess of demand for energy resources over supply, the 
construction of distributed energy systems with renewable 
energy sources (RES) becomes urgent  [1]. Methodologi­
cal approaches to modeling power systems are studied in 
works  [2, 3]. The problems of energy efficiency of energy 
systems with renewable energy sources are considered in 
works  [4, 5]. The problems of information support for 
decision making (ISDM) when planning energy systems 
with renewable sources are considered in works  [6, 7].

When planning energy systems for the maintenance of 
buildings using RES, it is advisable to develop and use 
ISDM based on the assessment of alternative combina­

tions of RES. Evaluation can be based on quantitative 
and qualitative criteria. When determining the quality 
criteria, it is possible to involve the knowledge of experts. 
In this case, the tasks of forming an expert group and 
the development of information support for evaluating 
alternatives by experts arise.

So, the object of research is the process of expert as­
sessment in planning the energy supply of buildings using 
renewable energy sources.

The aim of research is to develop a methodology for 
the formation of an expert group and conduct an expert 
assessment of the qualitative criteria for choosing alterna­
tive options for renewable energy sources when planning 
the energy supply of buildings and its implementation in 
an information decision support system.



INFORMATION AND CONTROL SYSTEMS:
SYSTEMS AND CONTROL PROCESSES

52 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 2/2(58), 2021

ISSN 2664-9969

2.  Methods of research

ISDM for planning the structure of an energy sys­
tem  (ES) with renewable energy sources is provided by 
using a set of models  [8, 9]: collection and processing 
of information, formation of a set of evaluation criteria, 
synthesis of alternative ES structures, selection of the 
optimal ES structure. To determine the optimal configu­
ration of the ES, it is proposed to use the method of 
expert assessment of alternative options.

The peer review process for planning the ES structure 
is shown in Fig.  1 in BPMN notation. An expert assess­
ment is proposed to be involved at the stage of assess­
ing alternative ES options with various combinations of 
renewable energy sources. In general, the assessment of 
alternative configurations of the ES is carried out ac­
cording to five qualitative and three quantitative crite­
ria. Quantitative criteria are calculated when calculating 
technical and economic characteristics: ES construction 
costs, an indicator of surplus generated energy, an indica­
tor of the likelihood of power loss. The quality criteria 
include the noise from the installation, the cost of repair 
and maintenance, the aesthetic appearance of the instal­
lation, the influence of the characteristics of the site on 
the production of electricity  [8]. Each criterion is defined 
as a fuzzy dependence on certain parameters  [9], which 
must be evaluated by experts.

To calculate the qualitative criteria, 
it was decided to apply the theory of 
fuzzy sets and represent them through 
linguistic variables, as well as to use 
the method of processing expert opi­
nions to find the value of membership 
functions  [10]:
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lity criterion.

Among the existing methods of 
conducting expert assessments  [11], 

the one that most satisfies the stated requirement was 
chosen. Its essence lies in the fact that experts quantify 
each of the alternatives. The overall score is determined 
based on the assessments of experts. For example, for the 
criterion «Influence of the characteristics of the site on the  
production of electrical energy», experts must assess the 
parameters that define the terrain and shade of the ES 
construction site  [9].

2.1.  Expert group selection method. To implement the 
selection of a professional group of experts who will conduct 
the assessment, an algorithm for the hierarchical structure 
of expert selection is proposed (Fig.  2).

The algorithm consists of the following steps:
–	 first level – selection of experts for assessment;
–	 second level – selection of experts for the working 
group;
–	 third level – formation of criteria influencing the 
choice of experts;
–	 fourth level – selection of expert candidates for the 
working group;
–	 fifth level – assessment by criteria that affect the 
rating of expert candidates;
–	 sixth level – formation of an expert group of n spe­
cialists.
The criteria influencing the choice of experts include 

work experience in the direction, education, the availabi­
lity of a certificate in the direction 
of research and the timeliness of 
decision-making.

The process of evaluating ex­
perts begins with the receipt of  
a request for consent to be included 
in the expert group by the can­
didate. The invitation is sent to 
the postal address of persons who 
are specialists in the field of ES 
design. After giving consent to be 
included in the list of candida­
tes  as experts, the specialist recei- 
ves a questionnaire of professional  
qualities.

 
Fig. 1. The process of peer review in planning energy system structures

 
Fig. 2. Hierarchical structure for the selection of experts
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According to the algorithm proposed above, the infor­
mation system selects 10 experts who will be considered 
as candidates for inclusion in the expert group. At the 
next stage, candidates receive a confirmation letter and 
data for authorization in the system. Selected candidates 
conduct an initial assessment of the alternatives against 
qualitative criteria. After a specified period of time, the 
candidates for experts re-evaluate the alternatives according 
to the same criteria in order to determine the stability 
of their judgments. The calculation of the indicator of 
stability of experts’ judgments is carried out using the 
paired comparison method, which is presented in  [12]:
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where (Kij)H – quantitative value of the advantage of the 
j-th object according to the judgments of the i-th expert 
as a result of the initial examination; (Kij)n – quantitative 
value of the advantage of the j-th object according to 
the judgments of the i-th expert as a result of repeated 
expert assessment, respectively; n – quantitative value of 
the selected expert candidates; m – quantitative value of 
the objects of examination. The formation of an expert 
group from candidates is carried out according to the 
results of ranking expert candidates according to the value 

ku – a comprehensive assessment of the significance of the  
j-th expert’s judgment.

The result of the application of the proposed method is 
the formation of an expert group of three people, which will 
deal with the tasks of assessing the criteria for influencing the 
choice of alternative ES options for renewable energy sources.

3.  Research results and discussion

The process of conducting an expert assessment of quali­
tative criteria for choosing alternative renewable energy 
sources is presented using a sequence diagram (Fig.  3).

The expert begins the work on confirming the request 
from the system administrator. The next step is to register in 
the expert assessment subsystem through the web interface, 
go to the main page and authorize. The expert is invited 
to fill out the criteria evaluation forms on the web page 
of the expert evaluation subsystem. The data entered by 
the expert is stored in the database.

An example of the page for entering expert information is 
presented in Fig. 4, a. The entered data through the system 
interface are entered into the database according to Fig.  1.

On their basis, the values of the qualitative criteria are 
calculated (formula (1)) and according to the model for de­
termining the optimal ES configuration  [8], the final result 
becomes available to the user through the interface in Fig. 4, b.

Fig. 3. Diagram of the sequence of actions of the expert

Fig. 4. An example of an information system interface:  
a – page for entering criteria characteristics by experts; b – page for presenting the results of the information system

a b
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4.  Conclusions

To assess alternative solutions for choosing the optimal 
structure of the energy system when conducting an expert 
assessment, a method for forming an expert group is proposed. 
A list of criteria influencing the choice of experts has been 
formed, as a result of the analysis by the self-assessment 
method, a rating of experts and an expert group are formed. 
An assessment of the stability of experts opinions was car­
ried out using the method of pairwise comparison, which 
made it possible to create software tools to reduce risks 
when assessing alternative options for the power system.

The proposed method was tested on the example of 
forming a group of three experts to assess the qualita­
tive criteria that affect the choice of ES components for 
renewable energy sources. The software implementation 
of the proposed method is a subsystem for conducting 
an expert assessment with a web interface, which is an 
integral part of the planning information system of the 
ES structure for renewable energy sources. The introduc­
tion of the peer review subsystem made it possible to 
increase the efficiency of decision-making when choosing 
the optimal ES structure.

References

1.	 Mandelli, S., Barbieri, J., Mereu, R., Colombo, E. (2016). Off-
grid systems for rural electrification in developing countries: 
Definitions, classification and a comprehensive literature review. 
Renewable and Sustainable Energy Reviews, 58, 1621–1646. 
doi: http://doi.org/10.1016/j.rser.2015.12.338 

2.	 Shchur, I., Klymko, V. (2014). Feasibility study of parameters 
of hybrid wind-solar power supply system for the individual 
object. Electromechanical and energy saving systems, 2, 92–100.

3.	 Lazarou, S., Oikonomou, D. S., Ekonomou, L. (2012). A platform 
for planning and evaluating distributed generation connected 
to the hellenic electric distribution grid. Advances in Circuits, 
Systems, Automation and Mechanics, 80–86.

4.	 Kitskaya, L. I. (2013). Energy efficiency in Ukraine: analysis, 
problems and ways to increase. Innovative economy, 3, 32–37.

5.	 Ramachandra, T. V. (2009). RIEP: Regional integrated ener­
gy plan. Renewable and Sustainable Energy Reviews, 13 (2), 
285–317. doi: http://doi.org/10.1016/j.rser.2007.10.004 

6.	 Hunt, J. D., Ba ares-Alc ntara, R., Hanbury, D. (2013). A new  
integrated tool for complex decision making: Application to the 
UK energy sector. Decision Support Systems, 54 (3), 1427–1441. 
doi: http://doi.org/10.1016/j.dss.2012.12.010 

7.	 Erdinc, O., Uzunoglu, M. (2012). Optimum design of hybrid 
renewable energy systems: Overview of different approaches. 
Renewable and Sustainable Energy Reviews, 16 (3), 1412–1425. 
doi: http://doi.org/10.1016/j.rser.2011.11.011 

8.	 Shulyma, O., Shendryk, V., Davidsson, P. (2016). The formalization 
of decision-making problem to select the optimal structure of  
a hybrid energy system. Bulletin of NTU «KhPI». Series: Mecha­
nical-technological systems and com-plexes, 49 (1221), 62–69.

9.	 Shulyma, O., Shendryk, V., Parfenenko, Yu., Shendryk, S. (2017, 
September). The model for decision support on design of the 
hybrid renewable energy system. 2017 9th IEEE International 
Conference on Intelligent Data Acquisition and Advanced Comput­
ing Systems: Technology and Applications (IDAACS), 1, 47–50. 
doi: http://doi.org/10.1109/idaacs.2017.8095047 

10.	 Chernov, V. G. (2005). Osnovy teorii nechetkikh mnozhestv. 
Reshenie zadach mnogokriterialnogo vybora alternativ. Vladimir: 
Vladimirskiy gosudarstvenniy universitet, 100.

11.	 Hrabovetskyi, B. Ye. (2010). Metody ekspertnykh otsinok: teoriia, 
metodolohiia, napriamky vykorystannia. Vinnytsia: VNtU, 171.

12.	 Khamkhanova, D. N. (2006). Teoreticheskie osnovy obespeche­
niya edinstva ekspertnykh izmereniy. Ulan-Ude: VSGTU, 170.

Olha Boiko, PhD, Department of Computer Science, Sumy State 
University, Sumy, Ukraine, ORCID: https://orcid.org/0000-0001-
8557-2267, e-mail: o.boiko@cs.sumdu.edu.ua

Vira Shendryk, PhD, Associate Professor, Department of Computer 
Science, Sumy State University, Sumy, Ukraine, ORCID: https://
orcid.org/0000-0001-8325-3115, e-mail: v.shendryk@cs.sumdu.edu.ua

Yuliia Parfenenko, PhD, Associate Professor, Department of Com­
puter Science, Sumy State University, Sumy, Ukraine, ORCID: https://
orcid.org/0000-0003-4377-5132, e-mail: yuliya_p@cs.sumdu.edu.ua

Petr Pavlenko, Doctor of Technical Sciences, Professor, Department of 
Mechanics, National Aviation University, Kyiv, Ukraine, ORCID: https:// 
orcid.org/0000-0002-2581-230X, e-mail: petrpav@ukr.net

Yevhen Kholiavka, Department of Computer Science, Sumy State 
University, Sumy, Ukraine, ORCID: https://orcid.org/0000-0002-
9841-7909, e-mail: e.p.kholiavka@gmail.com


