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Abstract
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The work is devoted to the creation and practical use of a methodology for a comprehensive assessment of
the environmental and economic efficiency of the use of "smart home™ technology in the heating system of a
building. Researched the effectiveness of the implementation in the 3-storey building of the educational building
of the O.M. Beketov National University of Urban Economy in Kharkiv with a total heated area of 225.3 m? of
the automated control system of thermal modes of rooms - HERZ Smart Comfort with "smart home" technology.
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Introduction

One of the priority directions for the development
of modern municipal energy is to increase the energy
efficiency of the sphere of heat consumption in build-
ings. This is due to the fact that, on the one hand, in the
total energy balance of a building, the costs of its heat
supply are the highest and amount to 89% [1], and on
the other hand, there is a potential opportunity for a sig-
nificant increase in the rationality of the use of thermal
energy in buildings through the use of technology
smart home "in the operation of heating and hot water
supply systems. These technologies can be effectively
applied in buildings of various construction periods -
both in modern buildings that have a sufficient level of
energy efficiency in accordance with the requirements
of the current building codes and do not require the im-
plementation of other energy-efficient measures, as
well as in buildings of earlier construction periods,
which may require implementation additional measures
to improve their energy efficiency, such as: thermal
modernization of the enclosing structures and internal
pipelines of the building, modernization of ventilation
systems, hot water supply, etc.

At the O.M. Beketov National University of Urban
Economy in Kharkiv (O.M. Beketov NUUEK) on the
basis of one of the educational buildings introduced and

experimentally investigated the system of automated
control of thermal regimes of the premises of the build-
ing - HERZ Smart Comfort, which implements the
technology "smart home" [2, 3]. Below are the results
of a comprehensive assessment of the environmental
and economic efficiency of using this system.

The purpose of the research was to create and
practical application of a methodology for a compre-
hensive assessment of the environmental and economic
efficiency of introducingin the heating system of a
building the HERZ SmartComfort automated complex
with “smart home” technology . For this, the following
tasks were solved:

1. Development of a methodology for a complex
appraisals of the the efficiency of using the "smart
home™ technology in the operation of the building heat-
ing system.

2. Research at a full-scale facility of the ecological
and economic efficiency of using the HERZ Smart-
Comfort system for automated control of thermal re-
gimes in the premises of a building.

Presentation of the main material

As a full-scale facility for research used a frag-
ment of the educational building of the O.M. Beketov
NUUEK, which is a 3-storey building with 5 rooms
with a total heated area of Sp = 225.3 m? (Pic. 1).
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For this object, the actual need for premises in
comfortable thermal conditions with a temperature tin-
comf — 18 °C was analyzed and the coefficient of the rel-
ative need for comfortable heat supply ycoms Was deter-
mined:

3 Shi 79.2 68.4

Ycomfs = i=1§ *Ycomsi = 2253 0.18 + 2253
77.7

0.02 + —-0.27 = 0.162,
2253

e
3rd floor
(77.7 m?)
0n on
2nd floor
(68.4 m?)

L1 __‘]

T

on

1st floor
(79.2 m?)
_I'!:EIIIIIIIIZII{]A }

Pic. 1. General view of a full-scale object for research

where Sy; is the heated area of the i-th floor of the
building, m?;

Yeomsi — 1S the relative need for comfortable heat
supply of the i-th floor:

Th(w)i
Thw)’

where Thw) IS the average weekly duration of the
period of comfortable heat supply during the heating
season for the i-th floor, hours;

Thw) - the duration of the weekly period - 168
hours.

Implemented in the heating system of a full-scale
object, the automated complex HERZ Smart Comfort
with the "smart house" technology allows you to set the
specified temperature regimes in the premises of the
building: comfortable with a temperature ti,®™ — in
rooms that need it, and economical with a temperature
tin® = 15 °C (3 °C lower from tix®®™) — in other rooms.

Comprehensive assessment methodology effi-
ciency application of "smart home" technology in the
operation of the building heating system provides for
the following calculations [4].

1. Determination of indicators characterizing the
ecological effect of using the HERZ Smart Comfort
system:

— absolute — AQ and relative — 6Q saving thermal
energy costs during the heating period (excluding ther-
mal inertia of the building envelope):

ycomfi -

ccomf _ec

4Q = Q1 — Q= Qi) - (1 = Yeomy) W
B in  ~titex)
8Q = =% 100%,

1

where Q1 and Q: are the total costs of heat energy
for the entire heating period before and after the intro-
duction of energy-saving measures, respectively,
kW-h;

Qi(y — heat energy consumption before the imple-
mentation of energy saving measures in the j-th month,
kW-h;

tiex) — external temperature of atmospheric air in
the j-th month;

— decrease in the mass (or volume) of the saved
fuel — AMfuel (kg) (Or AVfuel (m3))

4Q
AMfuel = 36 . a,

where Q is the lowest heat of combustion of fuel
(natural gas), MJ/kg;

pruel — fuel density, kg/m® (we take: Q, = 45.75
MIJ/kg; prel = 0.723 kg/m® [5]);

—reducing the mass of emissions into the atmosphere
of pollutants and greenhouse gases — AMgoi:

AM,o = 3.6 - Ky - AQ,

where Kyl is the emission factor of the pollutant,
g/GJ (we take: Kcoo = 58.7 kg/GJ; Knox = 0.064 kg/GJ
[5]).

2. Determination of indicators characterizing the
economic effect of using energy-saving measures: re-
duction of financial costs for heat energy consumed
during the heating period — ACy (UAH) and fuel —
ACfuel (UAH)

AC, =8.598-107* - ¢, - 40Q,
ACfuel = Cryel - AVfuely

where cp is the cost of a unit of thermal energy;

cruel — fuel cost (we take: cn = 1365.28 UAH/Gcal
[6]; cruel = 8.851891 UAH/m? [7]).

Research results

According to the presented methodology, accord-
ing to the actual data of the values of Qju) and tjex),
which were monthly monitored at a full-scale facility
during the heating season 2020-2021, the energy effi-
ciency indicators of the modernized building heating
system - AQ and 6Q were determined (Table 1) and
other indicators of environmental and economic effects
from the use of the HERZ SmartComfort system:

— reduction of natural gas consumption during the
heating season, m®:
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. Pfuel Pfuel 0-72_3 . ]
— reduction of CO, and NOy emissions into the at-

mosphere:

AMo, =3.6-1073 - Ko, - 4Q =3.6- 1073
58.7 - 6280 = 1326 kg;

AMpyox = 3.6 - 1073 - 0.064 - 6280 = 1.42 kr;

— reduction of payments for the use of thermal en-
ergy and fuel:

AC, =8.598-107* - ¢, - 4Q =8.598-107*-
1365.28 - 6280 = 7371 UAH,;

Acfuel = Cfuel . AVfuel = 8851891 . 683 =
6049 UAH.

Table 1

Values of absolute and relative savings of thermal energy by a full-scale object during the heating period

. The month of the heating season
Indicator 1 7 3 4 10 11 1

Qjw, Geal 8.90 7.77 6.70 1.19 2.14 6.13 8.08
40.91

Q1, Geal (kW-h) (47578)

AQ;, Geal 093 | 0845 | 0936 | 0332 | 0513 | 0.906 | 0.936
5.40

AQ, Gceal (kW-h) (6280)

3Qj, % 105 [ 109 [ 140 [ 279 | 239 | 148 | 116

3Q, % 13.2

Thus, it has been established that the use of “smart References

house” technology in the heating system of a full-scale
facility allows obtaining an annual environmental ef-
fect in the form of a reduction in heat energy consump-
tion by 13.2%, which is 6280 kW-h, a decrease in nat-
ural gas consumption for heating by 683 m® and a re-
duction in emissions CO; and NOy into the atmosphere
by 1326 kg and 1.42 kg, respectively. The economic ef-
fect in the form of a decrease in financial costs for con-
sumed heat energy and the cost of 7371 UAH and 6049
UAH respectively.

Conclusion

1. Created a methodology for a comprehensive as-
sessment of the effectiveness application of «smart
home» technology in the operation of the building heat-
ing system according to two criteria:

—ecological effect, which is characterized by indi-
cators: absolute and relative reduction of heat energy
consumption during the heating period, reduction of
fuel consumption, reduction of emissions into the at-
mosphere of pollutants and greenhouse gases, in partic-
ular - NOy and COg;

— economic effect, which is characterized by indi-
cators: reduction of financial costs for consumed fuel
and heat energy, profitability and payback period of en-
ergy-saving measures.

2. Investigated ecological and economic effi-
ciency of using in the heating system of a 3-storey
building of the educational building of O.M. Beketov
NUUEK with a total heated area of 225.3 m? of an au-
tomated complex for controlling thermal modes of
premises HERZ SmartComfort with “smart home”
technology. It has been established that the use of this
energy-saving measure allows to obtain an annual en-
vironmental effect in the form of a reduction in heat en-
ergy consumption by 13.2%, which is 6280 kW -h, a de-
crease in natural gas consumption for heating by 683
m? and a reduction in CO; and NOy emissions into the
atmosphere by 1326 kg, and 1.42 kg respectively. The
economic effect in the form of a decrease in financial
costs for consumed thermal energy and fuel is UAH
7371 and UAH 6049, respectively.
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