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RESEARCH INFLUENCE OF ANALYTICALLY CALCULATED AND REAL
ELECTRICAL LOAD OF MULTFLAT HOUSING IN
CHOICE OF POWER OF INTER-QUARTERLY SUBSTATIONS

A. S. Bondarchuk, E. P. Nechiporuk
Odessa National Polytechnic University

Abstract. The studies were conducted on four 216-apartment buildings, which account for a 10 / 0.4 kV
substations. Built by spline interpolation in the MathCAD environment, the charts of the electrical load of
homes by standard indicators and based on information measurement. Turning the obtained graphs into two
stages, the parameters of the rated capacities of the oil transformers 400 and 250 kVA were chosen by their
parameters, since the rated power by the standards turned out to be much higher than the actual one. The
variant with the TM-250/10 transformer, will save (energy efficiency) by reducing electricity losses during
operation about 492,2 tons conditional fuel, in case of electricity loss (economic efficiency), the option is
cheaper by UAH 268,2 thousands, which will result in emission reductions (environmental efficiency) of

about 163,6 tons.
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The urgency of the problem.

The schedule of daily electric load of apartment
buildings, as an accidental realization of some
random process, is formed from a considerable
number of electrical loads of individual electric
receivers (ER) of dwellings, common buildings.
Precise determination of load is an urgent problem
because it plays a decisive role in the choice of
economic power supply system (PSS), its elements
(lowering substations, sections of current-carrying
parts of overhead, cable lines, etc.), protection and
automation systems, etc.

The problem of accurately calculating the
electrical load of civilian objects requires an up-to-
date approach to calculating it, since the use of
existing regulations of the State Building Codes
(SBC) leads to a significant excess of the actual
load, as evidenced by the results of the studies. This
has a significant impact on the capital costs of
selecting, constructing and operating the PSS, so the
relevance of the topic chosen is obvious.

1. Analysis of recent research and publica-
tions.

Analytical review of scientific publications in-
dicates that the first publications on the study and
justification of electrical loads appeared in the early
twentieth century. A significant number of leading
scientists have made a significant contribution to the
development of theory and practice regarding mod-
ern standards, design and operation of power sys-
tems, PSS of industrial enterprises [8-11]. However,
for the practical design of PSS civilian objects, they
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generally use current regulations that require the use
of demand coefficient, specific load per unit area,
kW/m?, or the number of dwellings (cottages), or per
unit, KW/site.

They are given to pre-determine the load on the
inputs to the objects with the subsequent use of coef-
ficients, the differences of these loads to the maxi-
mum to select the elements of the electrical net-
works from the consumer to the power sources. Such
standards define such parameters as average maxi-
mum, standard deviations, mean errors, which great-
ly exceed the final result of the calculated load cal-
culation [1-4, 6]. The electrical loads of dwellings,
dwellings and houses are random and differ from
each other, since they depend on the power, quanti-
ty, mode of operation of ER and change substantial-
ly during the day, day of the week, season of the
year and are calculated analytically by power supply
system as follows [4-6]:

Pc.f = psAc.f N’ (1)

where ps.s — specific estimated active electrical
load of the dwelling, which is selected depending on
the accepted level of electrification and the number
of apartments connected to the given link of the
electric grid, kW / dwelling; N — is the number of
dwellings (apartments) connected to the line, input.

The estimated load of residential buildings, ci-
vilian objects, analytically determined by the SBC,
requires comparison with the actual electrical load

2. An unresolved part of the overall problem

At the same time, in the mentioned and similar
studies, special attention is paid, as a rule, to electri-
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cal loads of power systems, industrial enterprises,
but the issues of precise determination of the calcu-
lated loads of civilian objects remain without suffi-
cient attention.

3. Purpose and formulation of the research
task

The purpose of the work is to compare the
accuracy of the calculation of the -calculated
electrical load of four 216-flats completely occupied
by residents of houses with gas stoves as determined
analytically by the SBC (2003-2010) and the
measured value and to evaluate the impact of the
results obtained on the choice of quarterly substation
power, that feeds them. To achieve this goal in the
work, you must solve the following tasks:

— to determine analytically at the SBC the
estimated electrical load of the buildings supplied by
the substation;

— to determine modeling according to
automated system of commercial accounting of the
electric power (ASCAEP) real load of four 216-
apartment buildings;

— assess the energy, economic and environmen-
tal performance of the impact of analytically calcu-
lated and obtained in 30 minutes of discretization of
information of the ASCAEP of loading of four
houses on the choice of capacity of a twotransformer
substation, which according to the backbone (radial)
scheme feeds these houses.

4. Outline of the main material

The research is based on the modeling of the
spline theory of information on the electrical load of
residential buildings based on the SBC indicators
and ASCAEP information. Splines, as a simulation
tool, ensure continuity and high precision of graph
approximation with the appropriate choice of
partitioning. It is known that the spline is a function
Sm (An; x) defined on the segment [a, b], which
coincides on the partial segments [x;, x; + +1]
formed by the corresponding grid An: a = Xo <X;
<...<X, = b with algebraic polynomials of degree not
higher than m, and which has a continuous (m-1)
derivative of [a, b] [7].

Spline interpolation is a spline interpolation that
takes the {f (x;))} points {f (x)}, i=10, 1,..., n at
points {x;}, which we use to simulate the electrical
load of hour apartment buildings in MathCAD and
determine load factors of transformers before
overloading, for example, from 0 to 20.41 h, and for
its duration from 20.41 to 23.11 h (Fig. 1).

The estimated load of the houses measured in
the winter regime on 20.12.2017 is higher than in the

summer, taking into account the intensive work of
air-conditioners in hours.

The estimated full load of four houses is
analytically is determined by the following formula
[4,5]:

_ P N+O9P,, "
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where N — is the number of apartments in four
houses, 864 is accepted; Py~ estimated load of
other common power ER.
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Fig. 1. Result of building schedules of load of
buildings according to SBC (1) and actual (2) for
Wednesday, December 20, 2017, and their

transformation into equivalent two-stage

The initial load factor calculated from the SBC
power transformer is determined by the formula:

20,41 ? 24,0 ?
[ Sa®dt+ [ Sg(t)at
K. = 0 23,11 3
" 28 213 ®
When

If K/, <0,9S,/2S, 1 then
K’ 241
tyg = —2) s S (4)
(O’QSCl/ZSnOm.tl)

The overload, calculated by its duration tg, Is
similar to the parameters of the graph 1.

Pre-selected for two-transformer TS-10 / 0,4
power of power oil transformers from the standard
series of 160, 250 and 400 kVA for power supply of
four houses.

In terms of technical capabilities, the standard
rated capacities of the 2 x TM-400/10 and 2 x TM-
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250/10  transformers are  finally  selected,
respectively, based on the rated output of 562.3 kVA
calculated by the SBC and the actual 361.5 kVA, as
determined by the measurement. It is assumed that
the fill factors (configuration) of graphs 1, 2 are
similar.

The annual losses of active electricity in two-
winding transformers are is defined as:

2
Avvt-yeaf = AI?:.nomB T+ APstjg kVWl! (5)
where AP . AP_— losses in copper and steel

respectively; B — transformer load factor; 7 — loss
time, determined by the time of maximum power
utilization and; T _— transformer start time during the
year [4].

Using the technical data, the annual electricity
losses in power transformers 2 x TM-400/10 and 2 x
TM-250/10, respectively, are calculated. The
difference in electricity losses in other elements of
the PSS is not taken into account due to their
insignificant value.

Conclusions

According to the results of the calculations, the
variant with 2 x TM-250/10 transformers will save
(energy efficiency) by reducing the electricity losses
during operation about 492.2 tons. According to the
report, in the case of electricity loss (economic effi-
ciency), the variant is cheaper by UAH 268.2 thou-
sand and emission reductions (environmental effi-
ciency) will be about 163.6 tons.

The ways of further research may be to apply
the proposed comparative methodology for the elec-
trical load of industrial enterprises and other objects
of various purposes.

References

1. Bunn, D. W. (1985). Comparative models
for electrical load forecasting Chichester, New
York, Brisbane, Toronto: Jone & Sons. — 200 p.

2. Bondarchuk, A. S. (2017). Development of
the graphoanalytic method for calculating the

electrical load of civilian objects Eastern European
Journal of Advanced Technologies. — Kh. — No. 4 —
P. 4-9.

3. Bondarchuk, A. S., Lezhniuk, P. D. (2017).
A graphic method for the research into electrical
load dynamics in  residential  apartments
Compytational Problems of Electrical Engineering.

— Lviv: Lviv Polytechnic National University,
volume 7, number 2, pp. 73-77.
4. Bondarchuk, A S. (2015).

Indoor power supply  [Vnutrishnobudynkove
elektropostachannya] — K.: Osvita Ukrayiny,
—480 p.

5. Burbelo, M. J. Biryukov, O. O., Melny-
chuk, L. M. (2011). Power supply systems. Elements
of theory and examples of calculations [Systemy
elektro-postachannya. Elementy teoriyi ta pryklady
rozraxunkiv] — Vinnycya: VNTU. — 204 p.

6. DBN V. 23-23-2010. Design of electrical
equipment for civil purposes [Proektuvannya
elektroobladnannya ob'yektiv tsyvilnoho
pryznachennya]. — K: Minrehionbud. — 164 s.

7. Lezhniuk, P., Vishnevsky, S., Semeniuk, N.
(2001). Simulation of the loading of electric
networks by cubic splines in adaptive SAC with
advance — Lviv: Lviv Polytechnic. — P. 85-87.

8. Chernenko, P. O., Martynyuk, O. V. (2012).
Enhancing the Effectivencess of Short-Term
Forecasting of Electric Load of United Power
System Tekhnichna electrodinamika,1, P. 63-70.

9. Razumnyy, YU. T., Rukhlov, A. V.,
Rukhlova, N. YU. (2014) Efficient use of electricity
and fuel [Efektyvne vykorystannya elektroenerhiyi
ta palyva] — Dnipropetrovsk: NHU, — 223 s.

10. Sokolova, N. P. (2014). Modeling and
software for forecasting electricity consumption by
airport facilities [Modelyuvannya ta programne
zabezpechennya prognozuvannya spozhy vannya
elektry’chnoyi energiyi ob'yektamy™ aeroportu]
Vostochno-Evropejskyj zhurnal peredovykh
texnology'j, 2, 8 (68), P. 8-12.

11. Alfares, H. K. (2002) Electric load
forecasting: literature survey and classification of
methods International Journal of Systems Science..
—Ne 33. —P. 23-34.

JOCIIIKEHHSA BIVIMBY AHAJIITUYHO OBYUCJIEHOI'O I PEAJIBHOI'O
EJIEKTPUYHOI'O HABAHTAXKEHHSA BAT'ATOKBAPTUPHUX BY/IMHKIB HA BUBIP
HOTYXHOCTI MIZKKBAPTAJIBHUX NIACTAHININ

Bonpapuyk A. C., Heunnopyk €. I1.
Ooecvruii HayioHanbHUL NOTTMEXHIYHUL YHIGepCcUumem

Anomauia. Haoana oyinka éniugy obuucieHux pisHUMU Memooamu po3paxyHKo8020 HAGAHMAMCEHMHS
0azamoxeapmupHux 6yOUHKI8 HA GUOID NOMYICHOCMI MIdDCKEapmMAnbHux niocmanyin. Ilpobrnema mounozo
00YUCTIEHHS eIeKMPULHO20 HABAHMANCEHHA 00 €EKMIB YUBIILHO20 NPUSHAYEHHS BUMAAE HOBIMHBLO2O NIOXO-
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0y 00 1020 PO3PAXYHKY, OCKIIbKU GUKOPUCMAHHS YUHHUX HOPMAMUBHUX OOKYMEHMI8 NPU3800UmMs 00 3HAY-
HO20 nepesuiyeHsl hakxmuuno2o Haganmagicenuss. Lle 3Haunoio Mipoio Gnaueae Ha KanimaibHi GUmMpamu npu
8UOOPI eNeKMPUYHO20 YCMAMKYBAHHS, Nepepizy HCUBUILHUX JIHIU, CROPYOXCeHHI ma eKcnayamayii cucmem
eleKmponocmayants maxux 06’ ekmis. Jlocniodicenns npogoouocss Ha NPukiadi enekmponoCmayanus 4-x
216-keapmupHux OYOUHKAX, KL HCUBTAMBCS 810 NOHUJICY8anbHOI niocmanyii nanpyeoio 10/0,4 kB. I1o6ydo-
8aHO 34 OONOMO20I0 CHALH060I inmepnonayii ¢ cepedosuui MathCAD epaghiku enexkmpuunozo nasanma-
JiCeHHs OYOUHKIG 3a HOpMaMusHUMU noxkaznuxkamu i Ha oa3zi ingpopmayii ACKOE. [lepemeopusuiu ompumari
epagixu enexkmpuunozo HagawmagiceHHsn 4-x 216-xeapmuprux OYOUHKIE 8 eK8isanieHMHI 080CMYNeHesi, 3a
napamempamu AKux oopaui onugni mpancgopmamopu 2 x400 ma 2 %250 kBA, ockinvku po3paxynkosa nom-
VIUCHICTND 30 HOPMAMUBHUMU NOKAZHUKAMY BUABULACS 3HAYHO GULye (PaKmMuuHoi. 3a mexHiyHuMy napamem-
pamu i eKOHOMIYHUMYU NOKA3HUKamMu eéapianm 3 mparcgopmamopamu 2xTM-250/10, wo euznaueni 3a pe-
ANIbHUM HABAHMANCEHHAM, 3a0Wadums (eHepeemuuna egekmugHicms) 3a pAXyHOK 3MEHUIeHHs 6mpam
enekmpoeHepeii, 3a uac excniyamayii oausvko 492,2 m ymosnozco nanusa. Yepes 3meHuteHHs empam
eleKmpoenepeii ma eapmocmi mpaHc@oOpmMamopie (eKoHoMiuHa eexmusHicmy) BUABUNIOCH, WO MAKUL
sapiaum Ha 268,2 muc. epH Oeweuiutl, nNpU YbOMY 3MEHULYBAMUMYMbCA SUKUOU (eKono2iuHa egex-
mugHicms) y 008K oauzvko 163,6 m.

Knrouoei cnosa: enexmpuune Ha8aHmMaxiceHus, 6A2amoKeapmupHuli OYOUHOK, CHAAUHO8A IHMEPHONAYIA,
eqhekmueHicmb, MIXCKEAPMATbHA NIOCMAHYIL.

HCCJIEJOBAHHUE BJIMAHUSI AHAJIMTHYECKH BBIYMCJIEHHOM U PEAJIBHOM
SJEKTPUYECKOU HAI'PY3KH MHOI'OKBAPTHPHUX TOMOB HA
BbIBOP MOIIHOCTHU MEXKKBAPTAJIBHBIX IIOACTAHIIMU

Bonpapuyk A. C., Heunnopyk E. I1.
Ooecckuil HAYUOHATBbHBIL NOIUMEXHUYECKUL YHUBepcUumem

Annomavusa. Jlana oyenxa 6nusAHUA NOJYYEHHIX PASHLIMU MeMOOAMU pACHemHOU HA2PY3KU MHO20-
K6apMUpPHbIX 0OMO8 HA 8b100D MOWHOCIU MENCKEAPMANbHbIX hoocmanyuu. Hcciedosanue npogoounoce Ha
npumepe 4-x 216-xeapmupHsix 0omax, Komopwvie numaiomcs om noocmanyuu Hanpsoiceruem 10/0,4 kB. Ilo-
Ccmpoensbl ¢ NOMOWbI0 ChaauHo8ou unmepnoaayuu 6 cpede MathCAD epaguxu snexkmpuueckou nazpysxu
00OMO8 NO HOPMAMUSHBIM nokasamenim u Ha b6ase ungopmayuu ACKY3I, u no ux napamempam 6vibpamnvl
MowgHOCcmU MacasHvlx mpancgopmamopos 2x400 u 2x250 kBA. Ilo mexnuueckum napamempam u 3K0HO-
Muyeckum nokazamenim eapuanm ¢ mparcpopmamopamu 2xTM-250/10 coxonomum (snepeemuyeckas
agpexmusrnocms) 3a cuem ymeHbUEeHUS NOMEPL INeKMPOIHep2UU 3a 8pems dKkcnayamayuu okono 492,2 m
Y. m. M3-3a MeHbuwux nomeps 371eKMpoIHepUU U CMoUMOCmu mpancopmamopos (IKoHomuueckas d¢-
Gexmusnocms) sapuanm Ha 268,2 mulc. epH Oewiegne, npu dMOoM YMEHbUIAMbCSL 8b10pOChl (IKON02UYECKas
aghghexmuernocmn) 6 oxpyscarowyito cpedy oxono 163,6 m.

Knrwowuesvie cnoea: snexmpuueckas HazpysKa, MHO20KEAPMUPHBIL 0OM, CHIAAUHOGAS UHMEPHOIAYUS,

3 exmusHOCmb, MENCKEAPMANLHASL NOOCMAHYUS
Received 06.01.2020

Bondarchuk Anatolii, Odessa National Polytechnic University, Candidate of Technical
Sciences, Associate Professor, Associate Professor of the Department of Power Supply
and Energy Management. Ave. Shevchenko, 1, Odessa, Ukraine. E-mail: ash@te.net.ua
Bonpapuyxk Amnartogiii CepriiioBud, Ojecbkuili HaIliOHAILHUN TONITEXHIYHUI
YHIBEPCUTET, KaHAMIAT TEXHIYHUX HAYK, IOLEHT, HOLCHT KadeapHu eIeKTPOIoCTadyaHHs
Ta eHepretnuHuii MeHemkMmeHt. Ilpocm. IlleBuenka, 1, Omeca, Ykpaima. E-mail:
asb@te.net.ua, Texn. (048)734-86-90

ORCID ID: 0000-0003-1232-5403

Nechiporuk Evgeniya Pavlivna, Odessa National Polytechnic University, Master,
Assistant of the Department of Power Supply and Energy Management. Ave.
Shevchenko, 1, Odessa, Ukraine. Email: iriskis1988@gmail.com

Heunnopyk €srenis IlaBaiBua, Opecbkuil HalmiOHAaJIbHUH  TOJITEXHIYHUN
VHIBEpCUTET, MAaricTp, AacHUCTCHT Ka(elIpH eJEeKTPOIOCTaYaHHsI Ta EHEepreTHYHHN
menemkMenT. Ipocm. Hlepuenka, 1, Omeca, Ykpaina. E-mail: iriskis1988@gmail.com,
ten. (048)34-68-55.

ORCID ID: 0000-0002-8443-2446

EneprosdepexxeHHs 3aC00aMHU CYYaCHOI €EKTPOTEXHIKH 19


Vladimir
Пишущая машинка
19

https://mail.te.net.ua/Redirect/orcid.org/0000-0003-1232-5403
https://orcid.org/0000-0002-8443-2446



