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Abstract: The article considers the method of identifying energy losses in the
classrooms of building no. 4 Sumy NAU, which takes place in three stages. At
the first, preparatory stage, with the help of a special device of the Fluke Ti25
thermal imager, the scanning method detects problem areas of the structural
elements of the classroom — ceilings, walls and floors, which lose heat and
require energy-saving measures. A large (more than 10%) difference in the
surface temperature of a room element indicates a large loss of thermal energy.
The thermographic method and the peer review method are used. At the second
stage of information processing, measures to reduce heat loss are determined.
At the third stage, the implementation of energy-saving measures. The practical
relevance of this work is to find problematic building elements that require the
use of measures to improve their energy efficiency.
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1 Introduction

Unstable pricing policy in the provision of energy resources leads to the actualisation of
the issue of energy-efficient use of thermal energy. The introduction of energy saving
measures is the main way to reduce the costs for premises and buildings maintaining.
Currently, in order to improve energy efficiency, many enterprises are introducing energy
management, which is used to determine the actual state of energy supply and energy
consumption (Moynihan and Barringer, 2017). It is crucial to introduce the method of
minimising the energy consumption by calculating reasonable amounts of energy
consumption, as well as means to meet these amounts by optimising the heat transfer
between processes, energy supply methods and improving the characteristics of
technological processes. This method is called Pinch analysis or process integration (Cho
et al., 2020).

Energy efficiency and energy preservation are key concepts for ensuring the
efficiency of both business and the state as a whole. Energy preservation is a complex of
organisational, legal, industrial, scientific, economic, technical and other measures aimed
at rational and economical use of fuel and energy resources. Energy intensity of
production is the amount of energy and fuel consumption for main and auxiliary
technological ~manufacturing processes within the agro-industrial complex
(Kostyuchenko, 2015; Nota et al., 2020), the performance of work, provision of services
based on a given technological system (Kasianova, 2017). Energy efficiency is one of the
main strategic directions for the development of the budget sector. It serves as a
necessary tool for achieving comfortable conditions in the buildings of educational,
health and public institutions, as well as a way to implement the living standards of the
modern European community (Thomsen et al., 2016).

The main types of energy saving measures are as follows:

1 Organisational measures — quick-impact measures — internal energy audit,
preparation of the enterprise energy passport, elaboration of measures for energy
preservation and improving the efficiency of technological processes, monitoring the
introduction of incentive measures and motivation of energy-saving behaviour, the
introduction of the right to dispose of funds from energy saving, the establishment of
rules for purchasing equipment for energy-efficient technologies. Quick-impact
measures can be developed and implemented within a year and show a significant
effect at low costs (Bevz, 2011).

2 Technological measures — basic measures — are more radical and contribute to the
rapid implementation of cost-effective and financially attractive investments.
Additionally, they require the introduction of energy efficiency standards in the
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maintenance of industrial buildings, industrial equipment; introduction of recycling
systems and windows cleaning; painting walls in light colours; use of waste heat
from refrigerators and air conditioners for heating water; introduction of frequency
regulation systems and other devices that increase the efficiency of electric motors in
ventilation systems, pump stations and other facilities with variable load. However,
energy-efficient projects may require financial support from banks and leasing
companies (Dzhedzhula, 2014).

3 Investment measures — expensive and highly effective measures, which help to
eliminate the main causes of low energy efficiency, in most cases guarantee more
significant energy savings, but require higher initial funding. This is primarily
the transition to alternative sources of energy supply and the use of modern
energy-saving production technologies. In addition, organisational changes at the
state and regional levels, such as pricing reform, improvement of electricity and gas
markets, and the transition to integrated planning of various sources of energy
supply, are of great importance for the implementation of this group of measures
(Chystov, 2010).

Xu et al. (2019) and Poti¢ et al. (2021) in their researches solve the problem of energy
shortage on the basis of new approaches, using renewable and secondary energy sources.
Moreover, jointly with other scientists, they formed approaches to implementing energy-
saving measures both at enterprises and housing-and-municipal complexes (Tani¢ et al.,
2015).

The main task of the energy saving project nowadays is to ensure efficient and
rational use of fuel and energy resources (FER) in all industries of Ukraine. Ukraine
experiences power shortages, that is why imports 75% of natural gas and 85% of oil and
petroleum products. This structure of the fuel and energy balance is critical and
unacceptable from the point of view of energy security. Based on this, one of the main
tasks of the Ukrainian state is to significantly reduce inefficient consumption of energy
resources. This issue can’t be solved without a systematically energy policy, which
consider the possibility of Ukraine to produce hydrocarbons domestically, develop
renewed energy sources and energy efficiency, and move towards wide implementation
of innovations. To do this, we need to focus on analysing the most crucial aspects of this
problem and determine ways, means and methods of solving it. The continuous and rapid
growth in the cost of fuel and energy resources motivates the search for ways to reduce
their use, increase efficient and rational consumption by enterprises, production
equipment (Sabadash, 2020; Sukmanov et al., 2020), conduct an energy survey and
introduce a number of energy-saving measures (Danilkova, 2016) in public institutions:
educational institutions, kindergartens, hospitals, etc. Ukrainian schools and universities,
for the most part, remain among the least energy efficient institutions. And although the
new tariffs make us think about saving even those for whom the preservation of the
environment was not a matter of principle, the situation is still deplorable.

Most universities in Ukraine have fairly large territories. That is why the problem of
energy conservation is one of the most important, since universities have to pay the cost
for the used thermal energy, electricity, water, etc. millions UAH annually. The severity
of the problem of energy supply for universities is associated with two circumstances:

1  insufficient budgetary financing of expenses (primarily utility costs, among which
energy supply costs are the most significant)
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2 low energy efficiency of universities.

Therefore, we propose one of the ways to reduce energy losses in higher education
institutions that have buildings with a large number of rooms, by conducting an energy
audit according to a special algorithm. The contribution of this study lies in the
development of a methodology for the introduction of energy saving measures in primary
institutions.

2 Literature review

There are significant changes in the world’s energy development strategy (Ippolitova and
Sorokotiazhenko, 2015). The leading countries of the world have defined a set of tasks
for implementing energy strategies in the 21st century. The main development direction
is to maintain continuity and consistency of actions while ensuring three components:
energy supply (uninterrupted supply of electricity of appropriate quality), energy
availability (energy preservation and affordable prices for electricity) and energy
efficiency (minimal impact on the environment) (Tani¢ et al., 2012). These components
are considered as the basis for achieving the global goal of ensuring stable development,
which guarantees sustainable growth of the economy, the living standards, and protection
of the natural environment.

Ukraine, like other countries, has taken certain steps towards energy conservation. In
1994, the Law of Ukraine ‘On Energy Saving’ (Law of Ukraine, 1994) was adopted,
which provided for a system of organisational, regulatory and incentive measures to
encourage the use of fuel and energy saving. Within the framework of organisational
support, such state management bodies were created: the State Agency on Energy
Efficiency and Energy Saving (1995) and the State Inspection for Energy Saving and its
Territorial Bodies (1996). During 1997-2000, the concept and program of energy
preservation, particularly in the public sector, was developed. In 2001 the State Budget
provides funds for implementation of energy saving measures in the public sector in the
volume of 25 million UAH. Taking into account the additional funds raised for these
purposes from local budgets (24 million UAH), the expected reduction in budget
expenditures on fuel and energy consumption in public sector institutions amounted to 66
million UAH. Thus, the payback period of these funds did not exceed one year. Statistics
gave reason to believe that the chosen method is correct, especially since the efficiency of
centralised energy saving programs is much higher for the economy. This is confirmed by
the experience of the western countries. Unfortunately, the state policy in the field of
energy conservation has not been sustainable. Frequent changes of the authority have
undermined the manageability of the economy and the energy sector.

Thus, in terms of efficient use of energy — economic, scientific and socio-cultural
development, Ukraine is among those countries where the stagnation of the current
situation can provoke a serious economic crisis with subsequent large-scale social
upheavals. The most difficult situation in terms of energy efficiency remains in housing
and communal complexes, in public institutions, where worn-out thermal and water
plants operate with low efficiency and use similar worn-out networks. As a result, energy
losses reach 45-50% (Heiets, 2016).

To reduce heat loss, a systematic analysis of energy use and consumption can be used
to identify, quantify and report on opportunities to improve energy efficiency.
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The tasks of conducting an energy audit of buildings according to Dongellini et al.
(2014) are:

e determination of the general state of the facility that consumes fuel and energy
resources, its main divisions and technological processes as consumers of fuel and
energy resources

e analysis of FER consumption balances separately for each type

e analysis of the balances of fuel and energy consumption in energy-intensive
technological installations, technological processes and departments

e analysis of FER losses at facilities

e analysis of the cost of funds for fuel and energy resources in the cost of production
e assessment of the energy saving potential of facilities

e assessment of the level of efficiency in the use of fuel and energy resources

e analysis of the specific consumption of fuel and energy resources and comparison
with the current norms and standards, preparation of proposals for its reduction

e assessment of the efficiency of the EMS

e development of recommendations for the implementation of energy-saving measures
with their technical and economic assessment.

Comprehensive approaches to the inspection of structures during an energy audit include
an assessment (Thomsen et al., 2016) of:

e indoor microclimate

e state of enclosing structures

e the state of engineering systems of heating, ventilation and air conditioning
e fire safety of the building

e thermal power state of the building.

Kontokosta et al. (2020) provide analytical recommendations that can be used as a
template by practical engineers for assessing energy use at production facilities and
implementing certain energy saving measures. In the studies of Kirimtat and Krejcar
(2018) and Krarti (2020), an assessment and analysis of energy consumption was carried
out and a number of energy saving measures were introduced for historical buildings. The
proposed measures have significantly reduced energy losses, but options for reducing
energy losses in public buildings have been little explored. In addition, their maximum
effectiveness has not been proven. Therefore, conducting an energy audit on energy
efficiency and energy saving in public premises and minimising energy and heat losses is
an urgent need.
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3 Research methodology

It is difficult to visually determine which elements of the building need measures to
improve energy efficiency. If such measures are carried out on all elements of the
building structure, this requires significant capital investments. It is also possible to
develop an electronic thermal building simulator and compare it with actual
characteristics. The buildings of educational institutions are distinguished by a large
number of rooms and the size of the building itself. Thus, the area of the building where
the studies were carried out is 12,000 sq.m and the number of rooms is 120 units
(excluding corridors and halls). This approach requires large capital investments at the
stage of developing a model and an electronic thermal building simulator. In conditions
of limited funding, this is difficult to do. Therefore, a building inspection method is
proposed that will identify the problematic elements of the building and only these
elements should be applied energy efficiency measures. Inspection of the building for
energy efficiency was carried out sequentially on its premises. Energy audit of each room
was carried out by elements (windows, walls, ceiling, floor and doors) according to the
developed algorithm.

The algorithm for examining a room element is as follows: using a Fluke Ti25
thermal imager, an element was examined to obtain a thermographic image and its expert
analysis to determine points with a minimum and maximum temperature. If the
temperature difference, the minimum actual Tmin and the maximum actual Tmax, is
greater than the allowable AT, then the element requires measures to improve energy
efficiency. Temperatures minimum actual Tmin and maximum actual Tmax were
determined from a thermogram, which was obtained using a device — a thermal imager,
by visual expert assessment. The value of the allowable temperature AT was determined
based on the financial condition of the enterprise. The smaller this value, the more funds
should be used for measures to improve energy efficiency. Tangible financial results in
saving energy resources, according to the experience of such studies, appear at
AT > 10%.

4 Research and development of proposals

4.1 Research of heat loss of building windows

Based on the third main phase of energy audit - obtaining of information, which provides
an in-depth familiarisation with the facility energy audits, documentation about the use of
FER was measured at the target facility — building no. 4 of Sumy National Agrarian
University. Measurements were made with a Fluke Ti25 thermal imager (serial number
Ti 25-09070166) which has a measurement error of 2% and thermal sensitivity <0.1°C.
During the survey, the air temperature outside was +9 °C. Building no. 4 is centrally
heated by water heating system. According to the results of the survey, the device
captures a light image of the object under observation and a thermographic image, which
indicates the surface temperature in different colours. The highest temperature and the
lowest temperature of the objects under observation was indicated as a marker with a
digital value of the absolute temperature. Also attached is a graph of colors and
corresponding temperatures. The survey of the building is presented by the elements of
the premises (windows, walls, ceiling, floor and doors).



Ways to improve energy conservation in educational institutions 7

Figure 1 The result of examining the window of building no. 4 of the university with a thermal
imager (see online version for colours)
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Figure 1 shows typical results for windows in building no. 4 (Savchenko-Pererva et al.,
2021). The analysis of heat loss causes was conducted, and measures for its redacted
were suggested. According to the expert assessment, specific places with temperature
differences between different parts of the window indicate that there is a loss of heat
energy. Figure 1 shows that the window temperature is Tmax = 17.3 °C. Analysing the
thermogram of the survey, we determine that the minimum temperature at the junction of
the window to the wall is Tmin = 12.8 °C.

The temperature difference is AT = 26%. This indicator indicates the need for
measures to increase the energy efficiency of this element of the room. Such a difference
indicates that the seal between the window and the wall does not keep heat. In this case,
measures are needed to improve energy efficiency. Therefore, to reduce the energy
consumption of heat, it is necessary to replace the seal. Using this method, it is necessary
to scan all the windows of a given room and identify places that require the intervention
of a construction company.
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4.2 Research of heat loss of building walls and doors

Figure 2 shows the result of the survey of the building wall. Analysing the thermographic
image of Fluke Ti25, we can identify a zone with a minimum temperature
Tmin = 11.8°C. According to the thermogram, the maximum temperature is
Tmax = 14°C. The difference between these temperatures is AT = 16%. This indicator
indicates the need for measures to increase the energy efficiency of this element of the
room. Additional studies of the building structure made it possible to establish that
moisture was leaking through the roof of the building and, accordingly, the corner of the
room began to freeze. Such studies were additionally carried out by specialists from a
construction company, for whom the place of energy losses was identified by this
method. The purpose of this study is to identify the elements of the premises that need
measures to improve energy efficiency.

Figure 2 The result of examining the wall of the premises of building no. 4 of the university with
a thermal imager (see online version for colours)
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Figure 3 shows the result of the examination of the outer doors of the building no. 4 of
the university, which are used as entrance doors. By analysing the thermal image of the
Fluke Ti25, we can determine the area with the minimum temperature Tmin = 11.9°C.
The maximum temperature on the door surface, according to the thermogram, is
Tmax = 15 °C. The difference between these temperatures is AT = 21%. This indicator
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indicates the need for measures to increase the energy efficiency of this element of the
room. An additional analysis of the design of doors and door frames in the temperature
difference zone showed that the seal was out of order. Therefore, in order to reduce the
energy consumption of heat, it is necessary to replace the seal in the lower part of the
door. This additional analysis was carried out by a specialised construction firm based on
the results of this study.

Figure 3 The results of the examination of the outer doors of the university with a thermal imager
(see online version for colours)
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4.3  Research of heat loss of building ceiling and floor

Figure 4 shows the results of the examination of the ceiling of the room. According to the
expert assessment of the thermogram, a point with a minimum temperature on the ceiling
Tmin = 16.6°C and a maximum temperature Tmax = 20.3°C is visible. The temperature
difference is AT = 18%. This indicator indicates the need for measures to increase the
energy efficiency of this element of the room. Additional analysis of the roof structure
showed that moisture seeps through the roofing. Therefore, to reduce the loss of thermal
energy, it is necessary to repair the roofing. Additional studies were carried out by a
specialised construction company based on the results of this study.
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Figure 4 The results of the examination of the ceiling of the premises of building no. 4 of the

university with a thermal imager (see online version for colours)
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5 Analysis of research and economic calculations

The proposed algorithm for examining a room element using a Fluke Ti25 thermal
imager allows you to step by step examine the entire building, identify the actual state of
energy efficiency and develop improvement measures. The third stage of the energy audit
of the building can be represented as an algorithm, which is shown in Figure 5.

The studies carried out made it possible to identify the elements (windows, walls,
doors, floor, ceiling) of each room of the university building that need to be improved by
developing measures to improve their energy efficiency. The main result of our research
is to indicate exactly where it is necessary to carry out an energy efficiency measure. All
activities are grouped by structural elements of the building, which allows for specialised
repair work. Direct repair work is carried out by specialised construction companies.
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Figure 5 Algorithm for the third stage of the energy audit of the building of the university
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To compare the current economic performance of the enterprise before and after the
implementation of energy preservation measures, the total amount of profit remaining at

the disposal of the enterprise, the part of it that variates directly due to the introduction of
energy- preservation measures, is determined by the formula (Kasianova, 2017):

APt = Cf, - AQf; +Ch, - AOh, + Ce, - AQe, + AE, —(C, +n-1,)+ AZ,,

()
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where

Cf; is the price of saved standard fuel at current tariffs in year z, UAH/tons of
standard fuel (t.s.f.)

AQf;  isthe decrease in the supply of standard fuel to the enterprise per year ¢,
t.s.f./year

Ch, is the tariff for the purchase of heat per year £, UAH/GJ

AQh,  is the reduction of heat consumption per year ¢ due to the introduction of energy
saving preservation measures, GJ/year

Ce, is the tariff for electricity received from the state electric power system per year
t, UAH/kWh

AQe, is the reduction of electricity consumption from the electric power system per
year ¢ due to the introduction of energy preservation measures, KWh/year

AE, is the reduction of payments for environmental pollution per year ¢, caused by
the introduction of energy preservation measures, UAH/year

C, is the current expenses and capital investments per year ¢, which are related to
the purchase, installation and operation of energy-preservation equipment, UAH

n is the internal rate of return

AZ, is the reduction of maintenance expenditure at the enterprise per year ¢, which
are due to the introduction of energy preservation measures, except for
maintenance of energy-preservation equipment, UAH/year.

Thus, the energy efficiency of an energy-saving event Ej can be calculated using the
formula:
Ej=E| —— 2
J Y @)
P

where F is the initial energy efficiency.

Energy efficiency after an energy-preservation measure is the sum of the initial
energy efficiency by a coefficient that depends on the relative energy preservation. This
coefficient shows how many times the energy efficiency of the considered useful effect
increases with a relative energy preservation equal to AP/P.

The calculation of the actual savings in heat energy costs after the implementation of
measures has a predicted value. This is due to the fact that repair work is calculated for
all university facilities. And this is the actual work on many buildings of the university. It
is also incorrect to compare the costs incurred by the university during the heating season
in different years, because the average ambient temperature is constantly changing and
the university has fixed costs that do not depend on this average temperature and there
are variable costs that depend on the ambient temperature. In general, in the 2020-2021
heating season, after energy-saving measures, heating costs decreased by 20% (UAH 1
million) and the microclimate in the entire building improved significantly (the indoor
temperature levelled off). UAH 800,000 was spent on measures to improve energy
efficiency.
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6 Conclusions

Research conducted in the educational building no. 4 of Sumy National Agrarian
University oriented at the energy audit of premises allows us to draw certain conclusions.
Each element of the building room has a certain thermal conductivity, so the temperature
on the surface of this element will differ depending on the type of element (windows,
walls, ceiling, floor and doors). If we consider the element of the room separately, then
the temperature on its surface, ideally, should be the same on similar surfaces of this
element. The presence of temperature drops indicates hidden defects that are present in
this element. Finding and eliminating such defects can improve the energy efficiency of
the entire building as a whole.

Screening of premises elements: windows, walls, ceiling, floor, doors, heating
systems with a special device thermal imager Fluke Ti25 allows us to identify places that
have increased heat loss. Additional analysis of such places allows us to determine the
causes of such energy losses and suggest measures to reduce them. In places with
increased heat loss, the surface temperature is much lower than the temperature on a
similar element of the surface of the room. This article considers places of heat loss that
have more than 10% difference between the minimum surface temperature Tmin and the
maximum temperature Tmax of the surface of the room element. This difference is used
to achieve a significant economic effect. Each enterprise can set the indicator AT to
determine the list of energy-preservation measures, depending on the financial soundness.
The lower this indicator, the more money will need to be spent on energy- preservation
measures. The suggested algorithm for conducting the third stage of energy audit of
building premises allows us to systematise this process, divide it into components and, as
a result, group energy saving measures by building elements (windows, walls, roof, floor,
doors). Economic calculations allow us to compare enterprise performance before and
after introduction of energy preservation measures.
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