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Plamen Angelov Angelov
Burgas Free University

Abstract: Photovoltaic systems offer flexible solutions in terms of PV configuration and
panel slope. On the other hand, the locations are characterized by a great variety in terms
of installation options. This is especially true for urban environments where free space is
limited. Therefore, there is a need to simulate the operation of a photovoltaic system in the
environment where it will be installed in order to obtain information about the expected
production of the system.

Part.2. show the simulation result of the SMA, PV*SOL and PVWatts PV simulators
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1. BbBenenue

3a 5a ce M3BBPIIM CHMYJIALUITA € HEOOXOAMMO Jia BbBEJAT HAYAIHUTE TEXHHYECKU
naHHM, B Hactosmara cratus me ce uinoisBar cumyiaropure SMA [1], PVSOL[2] u
PVWAT(3]

W3Benenure cuMyIaTHUBHU pe3yJTaTH CE€ OTHACAT 3a COJIapHA CUCTEMA C HJICHTUYHU
napameTpu:

MormHocT Ha conmapHara cucrema: 2.4kWp

MormHOCT Ha H3IO3BaHUs MHBEPTOP: 2.5kKW

Jlokarmus Ha MoHTaxa: [lneBen

Hauun Ha cBbp3BaHe Ha cucteMara: MpexoBa

Tun Ha n3non3BanuTe manenu: BenQ Solar PM250M00-300

II. IIpoBexnaHe HA YHCJICHH EKCIIEPUMEHTH ¢ OHJIANH IIATGOPMH 32 AHAJIN3

1) SMA [1]

Cumynatop SMA. KbM HacTosiLisi MOMEHT TOBa € €IMH OT Hal-J00pHTe OHJIAWH CH-
mynatopu. [TogoOHo Ha Sisifo, JaHHUTE ce M30UpAT cropen CHeU(pUIHOTO MPHUIOKCHHUE.
Tyk uMa Bb3MOXHOCT J1a C€ Ch3/1aBaT pa3lIMuHK MMPOEKTH, KaTO B €IUH MIPOCKT ce JIeHHU-
par paznuuHH (GoToBONTAaMYHM MojeTa. ToBa 3HAUYUTEIHO Pa3IIUpsBa BH3MOXKHOCTUTE 3a
cUMyJanys U 100JmKaBa JaHHUTE JI0 peaiHa cucreMa. basara JaHHM 3a aHENU U UHBEP-
TOPH ChIIbpKa TOJIsIM Opoii mpou3BoanTe H. HavamHusT ekpaH 3a BbBEXkK/IaHEe Ha BXOJHUTE
JITaHHY € TT0Ka3aH Ha ciie/iBaiara Gurypa.
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SUNNY DESIGN WEB

Navigation | Help . -
Enter project data
Project data

Please enter your project dats here. Advanced project data is preset to typical defoult valises. Plense check these values and adopt them a3 needed. Fields marked with an asterish
(%) are mandatory.

Location settings

project details e
Temperature ssttings Lol
on grid system
Inverter grid connection
Line losses. Loamion S .
Regn” Country* o
Eastem Europe - Bulgaria . e =
voltage level® Inverter grid connection®
Medum voltage 230V (230V  400v) -
~ Advanced project data

Location settings.

+ The location s Pleven in Bukparia {Eastern Europe) L
+ The alttude abave oL s 116 m

+ The scaling of the irtadiation is 100 %

Project details

+ Project name: on grid system Edn

+ Froject number not entered
+ Comment not entered
+ Customer nol entered

Temperature settings

Due. 1. Hauannume oannu

B 3aBucumoct ot HHCTaJIMpaHaTa HOMHHAJIHA MOIMHOCT Ha MAHCIUTE U MPEKOBOTO
HaIpEIKCHUE, CUMYJIATOPHT NpEajiara BapuaHTu 3a THBEPTOP HA €AHOMMCHHUA IPOU3BOIU-
test SMA. Crnen karo ca u30paHu aHENIUTE U MHBEPTOPA, MPOAYKTA U3UNCIISBA IbIDKUHATA
W MIPaBU MPETOPBKa 32 HAIPEYHOTO CEYEHHE Ha CBHP3BALLUTE CIIPOBOIHHIIM.

T'onsamo BHHMaHHE € OTACJICHO Ha pCHTa6I/IJ'IHOCTTa Ha CHUCTEMATa, BKIKOYUTCIHO U
0aHKOBO (bHHaHCI/IpaHC. HpI/I BBBCJACHHU IICHU Ha 060pynBaHeT0, [I€Ha Ha U3KYIyBaHC Ha

CJICKTPOCHEPIrusaTa, HO,Z[pO6HI/I napamMeTpu 3a MHBECTHLIUA U peHTa6I/IJ'IHOCTTa Ha CHCTC-
Mmara.

KpaiinuTe pe3ynratu oT cuMmyJanusaTa ¢ BUKAAT OHJIAMH, HO MPU YKEJIaHue MoraT Ja
ce 3anmmar B pdf ¢aiin. Pesynrature ca oopMeHH MHOTO MPETJICIHO U yI00HO, KaTo 3a
CJIOKHHM CHCTEMH C Pa3jIM4yHU CTPUHIOBE Ce MPEACTaBT Au(epeHipann pesynratu. [Ipu
3anucBaneTo B pdf daitr vMa B3MOKHOCT 3a 300p KOHM OT JaHHUTE Ja ObIaT 3alicaHu B
3aBHCHUMOCT OT MPEANOYUTAHUATA HA moTpebuTens (dur. 2).
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Havigation  Melp " 3 A~
Create project documentation
Settings

In the "Settings” mena, you The result can be viewed in the preview.

Design Paper size
Original o
® Altemative products (Salect) Letter

< Pagel /7 >

Project name: on grid system
Fioject number:

Location: Bulgaria / Pleven

Grid voltage! 2300 (30V / 400

System overview

43 AU Oplronics i 300W ay )
Tetarghe 1% Pl w1 204D

B issma
Que. 2. Hauun 3a uzeedicoane Ha pezyimamume
IIpn cumynamms ¢ SMA ce momyuydxa CIEJHUTE PE3YNTATH 32 CHCTEMA C MOIIHOCT

2,16 kWp, azumyt Ha manenure 00 u HakiaoH Ha maHenute 7 U 30. [Topanu orpannueHne Ha
MaKkCcHMalTHaTa MOIIHOCT B 0a3ata maHHW Ha SMA m30pannte manenu ca 270Wp: BenQ

Solar PM250M00-270.

PesynraTure oT npenBapuTEIHUS aHAIU3 ca IOKAa3aHU B cileABamaTa Tabnuua. 1.

Cucrema ¢ HAKJIOH Cucrema ¢ HaKJIOH
Ha naunesnte 7" na naunesure 30"
Peak power 2,16 kWp 2,16 kWp
Number of PV inverters 1 1
Nominal AC power of the PV 2.50 kW 2.50 kW
inverters
AC active power 1.73 kW 2.40kW
Active power ratio 80 % 111,1 %
Annual energy yield 2,769.08kWh 2,987.82 kWh
Energy usability factor 99,6% 100%
Performance ratio 88,4 % 89,2 %
Spec. energy yield 1282 kWh/kWp 1383 kWh/kWp
Line losses (in % of PV energy) 0.43 % 0.43 %
Unbalanced load 2.50 kVA 2.50 VA
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2) PV*SOL

Jlpyra Bb3MOKHOCT 3a OHJIAIH CHCTEMa 3a MPOTHO3UPAHE U MPEeCMATaHEe, KOWTO Oerie
n3non3Ban ¢ PV*SOL, kato HaualHUTE JaHHU OT CUMYJIALUATA ca MPEICTABEHU Ha CIICI-
Bamiara ¢urypa:

Annual PV energy 2611 kwh
thereof own consumption 1658 kwh
thereof grid feed-in 953 kWh

Own power consumption 63.5%

Consumption 3000 kwh
covered by PV 1658 kwh
covered by grid 1341 kWh

Solar fraction 553%

Avoided GO2 emissions 1397 kg/year

@ue. 3. Havannu oannu 3a nposesicoane na cumynayus ¢ Online cpeda PV*SOL

OuakBaHUTE PE3yNTaTH CNEJ MPOBEXKIAHE HA YHUCIEHUS €KCIIEPUMEHT ca MOKa3aHU Ha
cnenpamara ¢urypa 4. Heka kakeM ue pe3yiaTaTUTe MPHU TO3U THIT aHAIHM3 W3BEXKJIAT
HavaJ Ha UHPOPMAITUS KOSATO € IMOAXO/IAIIA 32 TFPBHYCH aHATU3.

pv PV*SOL online

Annual PV energy 2611 kwh
Spec. annual yield 1145.39 kiWh/kiwp
Performance ratio 8568%

Energy inkWh

100 ‘

0 | I

-100

-200

0

Jan Feb Mar Apr  May Jun Jul  Aug  Sep Oct Nov Dec

[ Pvenergy [ Consumption

PV energy 2611 kwh Consumption 3000 kwh

[ own consumption [ Grid feed-in [ covered by PV [ covered by grid

Fue. 4. Pesynmamu om nposederus YucieH eKcnepumenm
¢ Online npoepamua cpeda PV*SOL [4]
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3) PVWatts

Ha cnenpamara ¢ur.5. ca npeJcTaBeHn JaHHUTE MIPU CUMYJIallus ¢ OHJIaliH CUMYJIaTop
PVWatts. [1pu Hero mporHo3HOTO TOAUIITHO MPOU3BOICTBO Ha enektpoeHeprus ¢ 2311 kWh.

AESULTS 2,310 kwh/Year*
Maonth Solar Radiation AC Energy Energy Value
(e  mE ) day | e} (£]]
January 112 EE A
February 214 3 A
March an 17 M
April 478 237 M
May 5.40 30 MA
June 613 3 NI
July 642 347 MA
August 545 232 MA
September am 209 N
October 223 1% M
November 122 (=] N
December 055 54 M
Annual 3.53 2,31 o

Location and Station ldentification

Requesaisd Localion plaven

Weather Data Sourcs [MNTL) CRAKYVA, ROMAMIA &8 mi
Latttuse 44N

Longltude JIETE

PV System Specifications (Commercial)

DC System Size 2 W

Moauls Type stanaard

Array Type Fixed (roof mount)
Array T ™

Array Azimuth L

Sysiem Losess %

Inversr EMceancy 6%

DC to AC Skre Ralio 1.1

Economics

mmtmmhﬂymnm“m Mo utimty data avalsbi
Performance Metrics

capacity Facior 132%

Fue. 5. Pesynmamu om nposeden uucnen excnepumenm c PVWatts

II1. Pe3ynraTu ot npoBenenu ynciaenu ekcnepumentu ¢ OffLine cumynaropn

[Ipu cumynamust ¢ oduiaitn cumynaropa PVSyst ce nomyumnxa cieaHuTe pe3yiaTarH 3a
cucrema ¢ MomHocT 2,16 kWp, asumyT Ha manenure 0° i HakioH Ha manemute 7° (¢ur. 6.)
w1 30° (¢ur. 7.):
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Grid system presizing

Geographical Site Pleven Country Bulgaria
Situation Latitude  43.45° N Longitude 24.57°E
Time defined as Legal Time  Time zone UT+2 Alttude 64 m

Collector Plane Orientation Tk 7 Azimuth  0°

PV-field installation main features

Module type Standard

Technology Monoorystalline cells

Mounting methad Flat roof

Back veniilation properties Free standing

System istics and pre-sizing

PV-field nominal power (STC) From 22 kiWp

Callector area Acall 14 me

Annual energy yield Eyear  2.68 MWh Specificyield 1230 KWhKWp

Economic gross evaluation Investment 8092 EUR Energy price  0.32 EUR/KWh
Meteo and incident energy System output

T

oo
T e

[P e ey

e g ey ke g e O e De e

Gl horiz Coll_Pians System oulput | Syatem output
KW day i day KWhigay wn
3 7z E3 E
236 265 ass a7
ass 658 204
501 EES 27
517 1086 330
613 1144 343
637 "7 368
547 1010 313
445 ax 247
301 556 72
192 354 108
145 267 83
a7 73 2677

0
Que. 6. Ouaksean pesynmam npu azumym na naveaume ()

Grid system presizi

Geographical Site Pleven Country Bulgaria
Situation Latitude 4345°N Longitude 2457°E
Time defined as Legal Time Time zone UT+2 Alfitude 84 m

Collector Plane Orientation Tit 30° Azimuth 0

PV-field installation main features

Module type Standard
Technology Monocrystalline cslls
Mounting method Flat roof

Back ventilation properties Free standing

System characteristics and pre-sizing evaluation

PV-field nominal power (STC) Prom 22 kWp

Collector area Acoll 14 m*

Annual energy yield Eyear  2.95 MWh Specificyield 1357 KWhKWp

Economic gross evaluation Investment 8098 EUR Energyprice  0.29 EURKWhH
Meteo and incident energy System output

Sl Tty

et i

[ preem e

Gl horiz. Coll. Plane Systemoutpul | System output
KW day KWhin” day KWhiday W
Jan. £ EZE) Ex (E]
Feb. 238 a3 621 174
Mar. azs 418 775 240
Apr. 478 538 821 287
May 563 578 1064 30
June [.XF] 505 1100 30
July 627 621 1148 kL
Aug. 5277 508 1047 304
Sep. 414 508 LX) 201
Oct. 27 375 654 215
Now 164 284 488 147
Dec. 122 207 183 118
Year EAL) =) B =5

0
Q@ue. 7. Ouakean pesyrmam npu asumym Ha nareiume 30
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[Monydenure pe3ynaTaTd OT BCHYKH W3CJIE/IBaHUS ca HaHeceHH B TaOu. 1. M3BbpiieHo e
CpaBHEHUE Ha IIPOTHO3HOTO IPOU3BOJACTBO HA €IEKTPOSHEPIUs Upe3 Pa3IuuHUTE CUMYJla-
TOPH IpH /1Ba HAK/TOHA Ha nanenute 7° u 30°: tadn. 1

HN3non3Ban cumyJiaTop Cucrema ¢ HaKJIOH Cucrema ¢ HaKJIOH
Ha naHesaure 7° na nanesanre 30"

SMA 2769 kWh 2987 kWh

PVGis 2630 kWh

PV*SOL 2611 kWh

PVWatts 2311 kWh

PVSyst 2680 kWh 2950 kWh

IV. 3axkawuyenue

[Ipu Te3n cumynaTopu NaHHWUTE 32 M30paHUTE MAHENIW W MHBEPTOP Ca IPeIBapUTEITHO
HaHECEHU B OHJIAlH Oa3a oT nanHu. OcTtananurte aBa cuMmynaropa SMA u PVSyst ca npor-
paMuTe KOWTO ca Hal-4ecTO U3MOJI3BAHH MIPU M3BEXK/IaHE HA TIPEIBAPUTETHHU JJTaHHHU OT HC-
neH excriepuMeHT. EquacTBeHO SMA mporpaMeH cuMyaTop Mmo3BoJisiBa KOH(rypupaHe Ha
cucremata B Online pexxum, mokaro PVSyst He mpenocTasst moro0Ha Bb3MOXKHOCT.

HN3non3Bana nureparypa:

[1] https://www.sunnydesignweb.com/sdweb/#/QuickMode/ProjectSettings/2ac4158b-
dac5-4458-9d45-100e8534999d

[2] http://pvsol-online.valentin-software.com/#/

[3] http://pvwatts.nrel.gov/pvwatts.php

[4] CodTtyepu 3a mpoekTupane Ha (OTOBOJITAUYHN CHCTEMH
http://www.mauisolarsoftware.com
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