274 ISSN 2410-2547
Omip matepianiB i Teopis cropya/Strength of Materials and Theory of Structures. 2021. Ne 106

UDC 539.3; 514.182.7

COMPUTER MODELING AND OPTIMIZATION OF ENERGY
EFFICIENCY POTENTIALS IN CIVIL ENGINEERING

O.P. Koshevyi,
candidate of technical science, associate professor

D.V. Levkivskyi,
candidate of technical science, associate professor

V.0. Kosheva,
candidate of technical science, assistant

A.S. Mozharovskyi,
post-graduate student

Kyiv National University of Construction and Architecture,
Povitroflotskyi Avenue, 31, Kyiv, 03680

DOI: 10.32347/2410-2547.2021.106.274-281

The paper presents the results of creating a software package for optimizing the calculation of
potentials of alternative energy sources in the regions of Ukraine based on BIM technologies
(AutoCAD, ArchiCAD, Revit), which are combined using the IFC format. The software package
uses mathematical and graph-analytical models of climate and energy zoning in the regions of
Ukraine, and with the help of MS Excel visualizes the research process and automates, accelerates
optimal decision in design, reconstruction and construction. The process of forming a database for
traditional energy sources (electricity, oil products, natural gas, coal, firewood) and a database of
energy potentials of alternative energy sources (solar energy, wind energy, geothermal energy,
hydropower of small rivers, potentials of livestock and crop biomass potential of excess pressure
of natural gas, potentials of heat of soil, ground and sewage, potentials of energy of peat and forest
waste) for all regions of Ukraine. The structure of the software package and a block diagram has
been developed, all indicators are reduced to a single unit of measurement (MW *h / year per 1000
people). To analyze and make optimal decisions, informative-illustrative bar and sector pie charts
are built in MS Excel on five main areas of energy consumption, taking into account alternative
energy sources for each region of Ukraine. The general analysis of energy consumption and
optimization calculations are carried out with the help of informative-illustrative diagram
SANKEY, which is created with the help of "SankeyDiagramGenerator", and visualizes the whole
process of graph-analytical modeling of energy consumption in Ukraine.

Keywords: computer modeling, calculation optimization, traditional energy sources,
potentials of alternative energy sources, energy efficient construction, BIM technologies,
SANKEY modeling.

Introduction. The creation a software of optimization energy sources
based on mathematical and graphical models of climatic and energy zoning of
Ukraine for a comprehensive assessment of energy efficiency district and
making optimal decisions, and their further implementation in the practice of
design, construction and reconstruction of facilities in this area [1]. The
developed software package for optimization and graphical presentation of
energy efficiency results uses BIM tools (AutoCAD, ArchiCAD, Revit), which
are combined using the IFC format, which allows to make optimal decisions
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on energy efficiency of natural resources in the region of Ukraine. Using the
capabilities of MS Excel complex visualizes the entire research process and
accelerates and automates further opportunities for the development of
integrated design, construction and reconstruction of buildings and structures
[2].

1.Formation of a database. The development of the software package
begins with the formation of a database of traditional energy sources of the
regions of Ukraine in terms of five main areas of energy consumption:
electricity (hydroelectric power, nuclear electricity, thermal electricity) in
MW; petroleum products (motor gasoline, diesel fuel, fuel oil) in thousands of
tons; natural gas in million m3; coal in thousands of tons; firewood thousand
m3 (table 1).

Table 1
Traditional energy sources
n/o Region of Electricity Petroleum Coal Natural gas | Firewood
Ukraine products
MW*h/year | MW*h/year | MW*h/year | MW*h/year | MW *h/year
per 1000 per 1000 | per 1000 | per 1000 | per 1000
people people people people people
1 Vinnytsia 1858,50 924,56 2674,65 2411,17 37,58
2 Volyn 1545,40 912,87 149,01 2040,13 82,90
3 Dnepropetrovsk | 8669,95 1200,82 7550,02 6134,45 5,79
4 Donetsk 4344,80 849,42 15464,34 5466,35 8,07
5 Zhytomyr 2130,81 797,22 52,53 2488,38 216,99
6 Transcarpathian | 1511,77 929,90 46,75 1838,18 92,29
7 Zaporozhye 5217,38 1071,64 5318,34 3192,30 9,99
8 Ivano-Frankivsk | 1602,04 840,98 4937,12 2715,72 23,50
9 Kyiv 3115,23 1272,30 1098,77 4154,47 30,42
10 | Kirovograd 3384,28 1002,99 267,33 2303,65 37,10
11 | Luhansk 3624,82 1561,91 7755,46 5368,05 19,79
12 | Lviv 1724,12 892,80 880,90 2676,97 34,64
13 | Nikolaev 2652,29 1104,04 233,30 3676,45 17,32
14 | Odessa 2604,70 1171,54 104,67 3507,88 14,45
15 | Poltava 3784,53 1621,73 62,36 5184,61 21,85
16 | Rivne 2073,79 721,47 271,96 3450,61 90,60
17 | Sumy 2034,37 735,26 203,12 3357,04 129,88
18 | Ternopil 2199,11 780,34 49,85 2713,78 23,61
19 | Kharkiv 2616,24 754,18 2572,79 3959,51 41,93
20 | Kherson 2312,94 1089,09 123,97 1812,95 45,12
21 | Khmelnytsky 1027,91 880,05 699,13 2609,57 58,16
22 | Cherkasy 2652,63 1086,39 854,81 6210,26 64,81
23 Chernivtsi 1437,46 772,22 82,69 1861,14 129,17
24 | Chernihiv 1889,15 757,03 1030,41 2986,14 154,64
25 | Crimea 594,59 864,44 151,55 2466,96 17,28

Parallel, a database of energy potentials of alternative energy sources in the
regions of Ukraine is being formed:
- solar energy potential (MW*h / year);
- expedient hydraulic potential of small rivers (MW*h / year);
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- energy potential of livestock biomass (ton of fuel / year);

- energy potential of plant biomass (thousand MW*h / year);

- energy potential of forest waste (tons of fuel / year);

- thermal potential of geothermal energy (MW);

- expedient economic potential of blast furnace gas overpressure energy
resources (thousand MW*h / year);

- expedient economic potential of excess natural gas pressure (thousand
MW#*h / year);

- expedient economic potential of peat (million MW*h / year);

- expedient economic energy potential of soil and groundwater heat
(thousand MW*h / year);

- expedient economic potential of thermal energy of sewage (thousand
MW#*h / year);

- technically achievable wind potential up to 60 m (kW*h / m2), here the
possibilities of using up to 200 thousand m2 of wind energy per region are
taken into account (table 2) [3].

Table 2
Energy potentials of alternative energy sources in the regions of Ukraine
n/o o
_O e Fed -
2 £ I E 5 A gl oz g g s
Region of g gE = ] 2 = 2| 5 e <5 s 5
2 " = = = 0
Ukenst |8 |23 | 2 £ | E |E E2| By 25 |3
2 |E%8 | B = | |2 St 83| % =2 | £ |2
1 Vinnytsia 1474 | 69,2 13018 43.7 12,9 0 0 25,0 22,2 3288 153,2 48.1
2 Volyn 1545 | 339 11613 | 5.5 119 |0 0 9.0 7358 280,1 139,1 72,4
3 Dnepropetrovsk | 87,3 9.4 781,9 43.8 0 0 323 455 0 £32.2 5642 43,7
4 Donetsk 60,01 | 13,7 4343 24,0 0 0 253 324 0 637.6 368,0 41,3
5 Zhytomyr 196,7 | 82,8 13542 8.9 30,1 0 0 12.3 130,5 350,8 153,3 61,5
6 Transcarpathian | 95,5 | 1079,7 | 4398 8.1 0 1156 0 14 0 61,9 113,0 1623
7 Zaporozhye 152,4 | 8,79 1030.5 59.4 0 0 14,8 46.9 0 208,1 3377 100,9
8 IvanoFrankivsk | 874 874 5954 50 5,0 0 0 39,3 13,0 37,1 249,0 148,6
9 Kyiv 50,9 12,7 417,8 7.8 8,2 0 0 34.3 31,0 40,7 404,1 16,0
10 Kirovograd 232,7 | 53,9 1419,2 97.1 0 0 0 7.7 0 881,0 178,7 148,1
11 Luhansk 116,2 | 60,9 601,1 36.2 0 0 3.4 28.3 0 910,0 2314 65,1
12 Lviv 74,5 213,2 593,9 3.3 104 0 0 12:5 95,6 79,5 3844 80,0
13 Nikolaev 212,2 | 41,6 1042.8 55,5 1] 478.,6 0 20.3 1] 103,4 216,6 123,8
14 | Odessa 1429 [ 46 7026 | 422 |0 1915 |0 118 | 0 32,0 2735 | 723
15 Doltava 171,4 | 84,9 1411,9 63.1 0 2,01 0 27.8 102,1 1157 228,5 99,9
16 | Rivoe 1383 | 78,6 9798 | 64 557 | 0 0 104 | 4971 194,4 1694 | 64,9
17 Sumy 184,9 | 82,3 1348,9 29,8 159 4.3 0 28.7 530,1 221,0 158,1 69,4
18 Ternopil 114,7 | 1224 12234 19,3 12,3 0 0 10,5 109,8 185,5 134,8 71,8
19 Kharkiv 100,9 | 29,9 771,9 34,6 0 0,15 0 39.6 0 372 3958 523
20 Kherson 2795 | 0% 1375.6 56.2 0 796,2 0 8.2 T 165,8 161,9 165,8
21 Khmelnytsky 142,3 | 71,9 1423,7 34,0 12,6 0 0 10,3 783 135,2 160,53 59.3
22 Cherkasy 149,2 | 82,0 1287,1 60.1 11,5 0 0 24,0 66,1 394.6 2404 62,2
23 | Chernivisi 774 | 2930 | 7655 223 | 66 0 0 5.6 0 136,0 1095 2356
24 Chernihiv 258,5 | 53,7 1940.4 207 26,9 17,8 0 15.9 3540 148,1 178,0 74,6
25 | Crimea 1147 | 26,8 6183 124 |0 3025 0 123 |0 375 202,6 | 866

2. The structure of the software package. At the second stage of creation
of the program complex the main indicators of energy consumption of the
regions of Ukraine, as well as indicators of potentials of alternative energy
sources are reduced to uniform units of MW*h / year per 1000 people of the
region and a hierarchy of its work is formed. The block diagram of the
operation of the software package is presented in fig. 1.
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Informative and illustrative
synthesizing bar charts for
traditional energy sources are
created, which show the energy
consumption levels of the regions
of Ukraine (electricity, oil, coal,
natural gas, firewood) in MW*h /
year per 1000 people, which also
reflect it as a percentage [4].

3. Optimization  graph-
analytical models of energy
consumption. To make optimal
decisions, the analysis of energy
consumption is carried out taking
into account the possible use of
energy potentials of alternative
energy sources of the regions of
Ukraine in the form of informative
and illustrative synthesizing pie
charts in MS Excel. The diagrams
highlight the sectors of possible
replacement of traditional energy
sources with alternatives in digital

and percentage values. In fig. 2 presents a bar chart of the existing energy
consumption of the region of Ukraine and sectoral charts of optimization of energy
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The general analysis of energy consumption is carried out with the help of
informative-illustrative technological diagram SANKEY, which visualizes the
whole process of graph-analytical modeling of energy consumption and
optimizes the rational use of energy potentials of the regions of Ukraine. The
decision-making process is divided into streams, the values of which are
illustrated in digital and percentage ratios. The created SANKEY diagrams
give the chance to move streams, to adjust their sizes, to cancel superfluous
and to add new, and also to continue the analysis in other directions and with
other parameters [5]. The SANKEY optimization diagram on the example of
Kyiv region is showed in fig. 3.

EvepreTuka Ykpaiku - Kuiscbka o6nacTs

Fig.3

4. Working with the software interface. The whole process of graph-
analytical modeling of energy consumption in the regions of Ukraine is
displayed on a computer screen. To the left of the column are the names of
regions of Ukraine that are active, when you press "ENTER", when the cursor
is on the name of the region, the whole process of modeling and the results of
optimization of energy consumption in this area in separate "windows". The
first window builds an initial bar chart of the region's existing energy
consumption. Next, five pie charts are constructed showing the possibility of
substituting electricity, oil products, coal, natural gas and firewood for the
potentials of alternative energy sources that are achievable for this region of
Ukraine. The process is summarized by modeling a SANKEY diagram that
optimizes with graph-analytical modeling energy consumption and the choice
of an efficient model for the selected region.
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Conclusions. The graph-analytical model of complex analysis and
optimization of energy efficiency allows to assess the prospects of using the
energy potentials of the regions of Ukraine, and to determine the most optimal
directions of their introduction into the energy system to increase energy
efficiency of buildings and structures. Modeling also allows us to visualize the
decision-making process in the design of new and reconstruction of existing
architectural objects, which greatly facilitates the work of designers, and lays
the foundations for accurate selection of climatic parameters for further using.
This model identifies the main directions in improving the energy efficiency of
the regions, taking into account their potential of using of alternative energy
sources, and provides an opportunity to form a comprehensive graph-analytical
model of the building for further use and compilation of its energy passport.

The developed software package of optimization and graph-analytical
modeling of energy efficiency of the regions of Ukraine automates the process of
making optimal decisions in determining the energy consumption conditions of
construction areas. General analysis of energy consumption and optimization
calculations are performed using the informative-illustrative diagram SANKEY,
which is created using "SankeyDiagramGenerator" and visualizes the whole
process of graph-analytical modeling of energy consumption in Ukraine, which
significantly accelerates decision-making in designing and identifying promising
areas. The databases used for the operation of the software package can be
updated with new data, which significantly expands the possibilities of using the
software package in the future.

The results of research and a comprehensive optimization model of energy
efficiency of areas in the regions of Ukraine are presented in the form of a
software package posted on the site [6].
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Kowesuii O.I1., Jlesxiscvoruil /1. B., Kowesa B.O., Moacaposcokuii A.C.
KOMIPIOTEPHE MOJEJIOBAHHSI TA  OHNTUMIBALIA  TTOTEHUIAJIIB
EHEPI'OE®EKTHUBHOCTI B BYAIBHULITBI

B naniii po6oTi HaBeneHi pe3ysIbTaTH CTBOPEHHS MPOrPaMHOI0 KOMIUIEKCY ONTHMIi3aliifiHOro
pO3paxyHKy IMOTEHIiaiB ajbTePHATHBHUX JKEpe eHeprii B perioHax Ykpainu Ha ocHoBi BIM
texHonoriii (AutoCAD, ArchiCAD, Revit), mo 06 eanyroThes 3a ponomorow ¢opmaty IFC.
IIporpaMHHii KOMIUIEKC BHKOPHUCTOBYE CTBOPEHHI MaTeMaTH4HI Ta rpadoaHamiTH4HI Mozewi
KIIMATHYHOTO Ta EHEPreTHYHOro paifoHyBaHHS B perioHax YKpaiHH, Ta 3a IOIOMOIOIO
moximBocteii MS Excel Biyamisye mporec MOCTIDKEHHS 1 aBTOMAaTH3y€ Ta HPHCKOPIOE
HOPUIHATTS ONTHMAJbHHX pIlIEHb IPH HPOCKTYBAaHHI, PEKOHCTPYKUil Ta OyXiBHULTBI.
Posrismaereess  mpouec  (GopMmyBaHHS 0asM  JaHUX JUIA  TPAAMLIMHHUX JDKepea  eHepril
(enexTpoeHepris, HaQTONPOAYKTH, HPUPOAHUH ra3, BYyriuls, ApoBa), Ta 0a3sd JaHUX
CHEPreTHYHUX MOTEHIiaiB albTePHATUBHUX JKEPEN eHeprii (COHsYHA eHepris, BiTpoBa CHeprisi,
reotepMasibHa  CHepris, TIAPONOTEHI[ia]l MajuX piK, I[OTEHLiaJld TBAPUHHHIBKOI Ta
POCITMHHMIBKOI OioMacH, MOTEHLiad HAIJIMIIKOBOrO THUCKY IPHUPOJHOrO rasy, MOTCHLIAIN
TEIUIOTH IPYHTY, IPYHTOBHX Ta CTIYHHX BOA, NOTEHL{adn eHepril Topdy Ta BIAXOAIB Jicy) i
BCiX perioHiB Ykpainu. Po3po6iieHa cTpykTypa QyHKIIOHYBaHHS IPOrPAMHOr0 KOMILIEKCY, A€ BCi
IOKA3HHUKH 3BOASATHCS 0 €AMHUX OoAuMHMIB BuMipy (MBt*roa/pix Ha 1000 yoin.) Ta 610K-cXema.
Jlnst aHamisy 1 NPUHHATTA ONTHMAJbHHX IIPOCKTHUX pilleHb OyAyIOThCS IH(pOPMATHBHO-
UTFOCTPATHBHI CTOBITYMKOBI Ta CEKTOpiasbHI KPyroBi giarpamu B cepenoBuini MS Excel mo n’stu
OCHOBHHM HaIlpsIMKaM €HEeProCIHOXHBAHHS 3 YPaxXyBaHHSIM aJbTEPHATHBHHX JDKEpes eHepril aus
KOKHOT'O periony YKpaiHu. 3arajpHuil aHaii3 eHeprocrnoXKMBaHHsI Ta ONTHMI3aLiiHI po3paxyHKU
IPOBOIITECS 32 JormoMororo iHdopmatuBHO- imoctpatuBHOi aiarpamu  SANKEY, ska
cTBOprO€ThCsl  3a  gomomororo  «SankeyDiagramGenerator», Ta Bidyamisye Bechb IpoLeEC
rpadoaHaTiTHIHOTO MOJIETIOBAHHS CHEPrOCIOKHBAHHS PErioHiB YKpaiHH.

KiiouoBi ci10Ba: KOMIT'IOTEpHE MOJENIOBAHHS, ONTHMI3alliss PO3PaxyHKIB, TpaauLiiiHI
JDKepena eHeprii, MOTeHLiaIM albTepPHATUBHUX EHEPropkepel, eHeproedeKTuBHE OyAiBHHIITBO,
BIM rtexuonorii, SANKEY MozentoBaHHsL.
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The paper shows the results of computer modeling potential of energy sources and the
creation of software package for optimization calculations to increase energy efficiency of

construction sector in the regions of Ukraine.
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