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ABSTRACT Nowadays, renewable energy resources play an important role in replacing conventional fossil fuel energy resources.
Photovoltaic energy is one of the very promising renewable energy resources which grew rapidly in the past few years. Renewable
energy resources play an important role in electric power generation. There are various renewable resources which is used for elec-
tric power generation, such as solar energy, wind energy, geothermal etc. Solar Energy is a good choice for electric power genera-
tion, since the solar energy is directly converted into electrical energy by solar photovoltaic modules. These modules are made up of
silicon cells. When many such cells are connected in series we get a solar PV module. The current rating of the modules increases
when the area of the individual cells is increased, and vice versa. When many PV modules are connected in series and parallel com-
binations we get a solar PV array, which is suitable for obtaining higher power output. This study aims to design and evaluate the
grid-connected solar photovoltaic roof-top system. The performance of the system was simulated using PVsyst software and the re-
sults were analyzed. The analyses of the simulation results show that maximum total energy generation of 329.3 MW h was observed
in the month of May and lowest total energy generation of 166.4MWh was observed in the month of December.The utilization of roof
building will be increasing the amount of solar energy and achieving Dubai clean energy strategy 2050 goals which aims to provide
seven per cent of Dubai’s power through clean energy by 2020, 25 per cent by 2030 and 75 per cent by 2050.” it will be implemented
through Shams Dubai initiative, which aims to encourage building owners to place solar panels on the roofs and link them to the
main network of DEWA.

Keywords: Grid Connection, Photovoltaic (PV), Roof Top PV, Performance Ratio, PV System, Solar Park.

COJIHEYHAS DJIEKTPOCTAHIIUA C POTOIJIEKTPUYECKUMHA
IMAHEJISIMHU HA KPBIIIE MOIIHOCTBIO 1.8 MBT

XAHTAP JIZKADAP ABYJIJKYX

Xapvrosckuil HayuoHanbHbLL YHUSEpcUmem 20po0cko2o xossiicmea umenu A.H. bexemosa, Xapvkos, Ykpauna

AHHOTAILIHA B nacmosawee 8pems 60300HO8IseMble UCMOYHUKYU IHEPSUL USPATOM BAXCHYIO POlb 8 3aMeHe MPAOUYUOHHBIX UC-
MOYHUKO8 SHepauy Ha uckonaemom monauge. PomorneKmpuieckas IHepeust AGIAEMcs 0OHOU U3 CAMbIX NePCNeKMUBHBIX UCIOYHU-
KO8 80300HO6/IAEMOll SHepaull, UHMEHCUBHO passusaioujelicss 8 nocieonee epems. BozobHosnaemble UCMOYHUKY dHEP2UU USPATOM
8ADICHYIO POTIb 8 Npouzsoocmee nekmposnepauu. Cyujecmayiom paziuiHle 60300H0GIsAeMble PeCypChbl, KOMOpble UCHONb3YIOMCA O
npou3e00Cmea INEeKmMpoIHepeull, maKue KaxK CONHeYHAas IHepeus, SHEP2Us 6empa, eeomepmanbias duepeus u m. 0. Conneunas snep-
2Usl ABNACMCA XOPOWUM 6b1O0OPOM OIS 8LIPADOMKU HNIEKMPOIHEP2UU, NOCKONbKY CONHEUHAs dHep2us HANPAMYIO npeoopasyemcs 6
INEKMPUUECKYIO IHEPSUIO C NOMOWDIO COTHEUHBIX DOMOINEKMPULECKUX MOOYAel. Dmu MOOYIU COCOAM U3 KDEMHUESbIX JlleMeH-
moe. Tlocnedosamenvroe coedunenue dNeMeHmos 0dem 603MONCHOCHb Pedu3ayull COIHEYHO20 (HOMOINEKMPUYECKO20 MOOYIA.
TIpoussooumenvrnocms cucmemsvl Ovlia CMOOCIUPOBAHA C UCNONBL30BANHUEM NPOPAMMHO20 0becneuenus PVSYst, npoananusuposane:
nonyuenHvle pe3yibmamol. Ananu3 pe3yniomamos MoOenuposanus NoKa3a, 4mo MaKCUMAanibHas CYMMApHas ebipabomxa dHepaull 8
329,3 MBmy nabniodanace 6 mae, a camas HU3KAs CyMMapHas evipabomia suepeuu - 166,4 MBmu - ¢ dexabpe. Hcnonvzosanue
Kpbliiu 30aHusi 6yoem cnocobcmeosams YEeaudeHur0 KOIUYecmea CONHeYHol SHepeuu u oocmudicenuio yenetl /Jyoatickou cmpame-
euu yucmotu snepeuu 0o 2050 200a, komopvie Hayenenvl Ha obecneyeHue cemu nPoYeHmos suepeuu Jlyoas 3a cuem uucmou sHepeuu
K 2020 200y, 25 npoyenmos k 2030 200y u 75 npoyenmos k 2050.» on 6ydem peanusosan 6 pamkax unuyuamusol Shams Jybaii, yeno
Komopou - nobyoums enadenvyes 30aHuli YCMAHAGIUBAMb COJHEUHble NAHeNU HA KPblUax U CeA3bl6AMb UX C OCHOBHOU
cembio(DEWA) (enapmamenma snexmposnepeuu u 600vt J[yoas).

Knroueswvie cnosa: Coaneunas snepeus, Conneunsiil napx, @omosnexkmpuxa, Conneunasn snekmpocmanyus, GRID coeounenue

competitive electricity generation solution in line with the
vision of diversifying the energy mix, reducing carbon
emissions and establishing a regional leadership position.
The introduction of the Dubai Shams Initiative as well as

Introduction

The vision of the leadership of Dubai has been
strongly in favor of private sector engagement. Under the

patronage of His Highness Sheikh Mohammed Bin Ra-
shid Al Maktoum, we have seen the strongest commit-
ments to the sector in the entire region. The unveiling of
1GW of IPP utility scale has demonstrated an extremely

the Dubai Carbon initiative have invited the private sector
to take part in transforming Dubai into the city with the
“lowest carbon footprint in the world by 2050, quarter (in
some cases, over 15% since the beginning of the year)
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has made solar a viable economic solution for businesses
ensuring a sustainable future for us, and for generations to
come.”

The dramatic drop in PV module costs over the
last Customers can shave 5-15% off their operating elec-
tricity costs today and that has caught their attention. In a
time where the global economy has slowed down, this has
created a viable value proposition. In grid connected roof-
top or small SPV system, the DC power generated from
SPV panel is converted to AC power using power condi-
tioning unit and is fed to the grid. These systems generate
power during the day time which is utilized by powering
captive loads and feed excess power to the grid. In case,
when power generated is not sufficient, the captive loads
are served by drawing power from the grid. Solar Rooftop
System provides following technical benefits:

»  Utilization of available vacant roof space;

»  Low gestation period;

»  Lower transmission and distribution losses;

»  Improvement in the tail-end grid voltages and reduc-
tion of system congestion;

» Loss mitigation by utilization of distribution net-
work as a source of storage through net metering;

» Long term energy and ecological security by reduc-
tion in carbon emission;

»  Abatement of about 60 million tones of CO per year
over its life cycle;

» Better Management of daytime peak loads by
DISCOM/ utility;

» Meeting of the renewable purchase obligations
(RPOs) of obligated entities which are targeted at 8% of
electricity consumption;

»  Minimal technical losses as power consumption and
generation are co-located.

DEWA has announced mandatory rooftop installa-
tions for all buildings by 2030. In December 2014, the
Emirate of Dubai provided for rooftop PV systems to op-
erate under a net-metering system. This scheme was offi-
cially launched by DEWA in 2015 to encourage commer-
cial and residential building owners to fit solar PV panels
through the Shams Dubai framework. Companies already
signed up to service clients as part of the Shams Dubai
scheme include engineering groups expanding into the
solar sector, as well as international PV contractors and
developers.

The electricity consumption in the United Arab
Emirates (UAE) has increased by 12% per annum from
about 60,000 GWh in 2006 to 85,000 GWh in 2010. The
electricity peak demand in Dubai is increase from
3.228MW in 2004 to 8,507MW in 2018. To meet this
increasing energy demand, the Dubai relies heavily on gas
and oil. As a matter of fact, 73% of the generation capaci-
ty is based on gas turbine generators (7,448MW), and
25% is based on steam turbine generators (2,542MW). As

a result, the Dubai has a high ecological footprint per cap-
ita, and it actually had the world’s highest in 2018. The
government of Dubai has recently committed to have
(1000MW) 1% of its generation capacity from renewable
resources and mainly from solar energy by the year 2020
and 5000MW by 2030.The Mohammed bin Rashid
Solar Park is the largest single-site solar park in the world
with a planned capacity of 1,000MW by 2020, and
5,000MW by 2030, the solar park will use a range of pho-
tovoltaic and concentrated solar power technologies to
provide clean energy to the citizens and residents of Du-
bai.

Components of GRID connected PV system

The basic Grid Connected PV system design has
the following components:
» PV ARRAY: A number of PV panels connected in
series and/or in parallel giving a DC output out of the
incident irradiance. Orientation and tilt of these panels are
important design parameters, as well as shading from sur-
rounding obstructions.
» INVERTER: A power converter that 'inverts' the DC
power from the panels into AC power. The characteristics
of the output signal should match the voltage, frequency
and power quality limits in the supply network.
» TRANSFORMER: A transformer can boost up the
ac output voltage from inverter when needed. Otherwise
transformer less design is also acceptable.
» LOAD: Stands for the network connected appliances
that are fed from the inverter, or, alternatively, from the
grid.
» METERS: They account for the energy being drawn
from or fed into the local supply network
» DC Isolator: The DC isolator provides a safe means
of disconnecting the solar array from the inverter, for ex-
ample for periodic maintenance. Some inverters have
integrated DC isolator
»  AC Isolator: A main isolator is included to provide a
means of disconnecting the solar PV system from the
building electricity supply. This may be important if there
is an emergency, but (more usually) is needed when elec-
tricians have to do work on the building supply.
»  The Grid: The mains electricity network which sup-
plies power to consumers may now also supply excess
solar PV production to other consumers.
»  Protective Devices: Some protective devices is also
installed, like under voltage relay, circuit breakers etc for
resisting power flow from utility to SPV system.
»  Other Devices: Other devices like dc-dc boost con-
verter, ac filter can also be used for better performance.
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SYSTEM DESCRIPTION

The system description is given
in table kWp rooftop system is chosen. The PV cell mate-
rial chosen is mono-crystalline because of the higher effi-
ciency. The system is of fixed stand type and can suffi-
ciently power a household of a small family.

The grid connected PV system, consists of solar
arrays to absorb and convert sunlight into electricity, a
solar inverter to convert DC current to AC current,
a mounting, cabling and other electrical accessories.
Schematic of the grid connected PV system is shown
in Fig. 2. The main component for grid-connected solar
PV power systems comprise of: Solar PV modules, con-
nected in series and parallel, depending on the solar PV
array size, to generate DC power directly from the sun’s
intercepted solar power. Maximum tracker (MPPT), mak-
ing sure the solar PV modules generated DC power at
their best power output at any given time during sunshine
hours Grid-connected DC/AC inverter, making sure the
generated and converted AC power is safely fed into the
utility grid whenever the grid is available .Grid connec-
tion safety equipment like DC/AC breakers fuses etc.,
according to the local utility’s rules and regulations.
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Fig. 3 - Normal irradiation —-UAE
Description of the solar PV-GRID system

A grid —connected PV system consists of solar
panels, inverters, a power conditioning and grid connec-
tion .1t has effective utilization of power that is generated
from solar energy as there are no energy storage losses.
The grid —connected PV system supplies the excess pow-
er, beyond consumption by the connected load to the utili-
ty grid through smart meters.

o Geographical location of the site:

The solar plan located in Dubai at longitude of
55.20E.Latitude 25.12N and at an altitude of 1m.
o Specification of solar panel:

The solar panels mounted at the building are of
275Wp rating and made up of polycrystalline. These pan-
els have an efficiency of 16.7% and are of fixed type.
Polycrystalline panel ratings are open circuit voltage
(VOC) of 31.94 V and short circuit current (ISC) of 9.16
A. It has a maximum operating temperature up to+ 80°
centigrade.

e  Creating a string of modules

A string comprises a number of PV modules con-
nected in series. The electrical characteristics of PV mod-
ules connected in series to form a string are the same as
PV cells connected in series to form a module: meaning
the output voltage of the string will be the sum of the out-
put voltages of all the modules and the output current of
the string will be the lowest output current of any module.

Modules can also be connected in parallel. In this
case the current output of the modules will add instead of
the voltage. The output voltage is that of a single module.

Power conditioning units:

Inverter converts DC power into AC power. The
inverter power rating is 50 kW. PV voltage of 610 V and
supply DC current 32 A is fed as input to inverter. The
output AC voltage and current from inverter are 400 V
and 77 A respectively. The output of the inverter is syn-
chronized automatically with same voltage and frequency
as that of grid.
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PV Output Modeling

For the calculated utilizable roof area the energy
production from the installed solar panels has been esti-
mated with the help of PVsyst software.

Specimen energy Yield calculations for the build-
ings are provided in Figure 6 and Table 1.

Specifically provides a detailed flow diagram of
PV energy production from the buildings, while also
highlighting the involved losses at various stages.

Solar Irradiance absorbed by solar modules is con-
verted to useful power.The power output varies with the
solar insolation and ambient temperature .The tempera-
ture increases the power output decreases even if there
good amount of radiation. The power generation decreases
with increase in temperature even when there is constant
solar irradiance.

The simulation using PV SYSTEM

PV SYST software is one of the simulation
software developed to estimate the performance of the
solar power plan .it is able to import meteo data from
many different sources .This software is capable of evalu-
ating the performance of grid-connected, stand —alone
and pumping system based on the specified module selec-
tion. The program accurately predicts the system yields
computed using detailed hourly simulation data.

The maximum energy is generated in the month of
May (322.3MW h) and minimum energy is in the month
of December (166.4 MW h).The total amount of energy
injected into grid for the year 3016 MWh.

Annual global horizontal irradiation is2003.8kW
h/m2.Global Incident energy that is incident on the collec-
tor plane annually is 2003.9 kW h/m”2. Total energy ob-
tained from the output of the PV array is 3089 MW h.

The annual average performance ratio is 75.06%.

. Normalized productions:

10 ;

T T T T T T
Lc: Collection Loss (PV-array losses) 1.27 KWh/kWp/day
Ls: System Loss (inverter, ...) 0.1 kWh/kWplday

Yf: Produced useful energy (inverter output) 4.12 kWh/kWp/day

Normalized Energy [kWh/kWp/day]

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

Fig. 5 - Normalized production for the building

The LC value is recorded as 1.27kWh/kW p/day
and the LS value is recorded as 0.1 kW h/kW p/day in the
same way YF is given as4.12kW h/kW p/day. See Fig-
ure 5
o Loss diagram:

The global horizontal irradiance is 2004 kW h/m2.
The effective irradiation on the collector plane is 1853kW
h/m2. Therefore, the loss in energy is 3.2%. The solar
energy incident on the solar panels will convert into elec-
trical energy.
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After the PV conversion, the nominal array energy
is 3715MWh. The efficiency of the PV array is 13.3% at
standard test condition (STC). Array virtual energy ob-
tained is 3089 MW h. After the inverter losses the availa-
ble energy obtained at the inverter output is 3016MWh.

(Fig. 7).
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GlobHor [T Amb  [Globinc GlobEff  [EArray E Grid EffArR EffSysR

kWh/m? |°C kWh/m? kWh/m?> |MWh MWh % %
January 115.5 18.46 115.5 106.0 190.4 186.4 13.74 13.45
February 123.0 20.29 123.0 113.3 199.7 195.7 13.53 13.26
March 163.6 23.84 163.6 151.1 259.5 254.5 13.22 12.96
April 189.1 27.93 189.1 175.4 291.7 285.7 12.86 12.59
May 220.1 32.86 220.1 204.5 329.3 322.3 12.47 12.21
June 214.2 33.85 214.3 198.9 320.2 313.6 12.45 12.20
July 202.9 35.87 202.8 188.0 302.1 294.9 12.41 12.12
August 203.1 35.75 203.2 188.5 301.9 295.5 12.39 12.12
September [177.6 32.38 177.5 164.5 269.2 260.5 12.64 12.23
October 159.2 29.64 159.2 147.2 246.1 241.1 12.88 12.63
November |127.8 24.86 127.8 117.3 203.2 199.3 13.25 13.00
December |107.6 20.84 107.6 98.2 175.3 166.4 13.59 12.89
Year 2003.8 28.09 2003.9 1853.0 3088.6 3015.9 12.85 12.55

Table 1-ABB - SEAP 275W — 002 Balances and main results

PV MODULES (Typ.)

RORROIN |
Table 2 — Description of the solar PV-GRID | L ‘
system | l | l J l
Description 1 2 3 T ] T,,, -
- B L
Module Capacity, Wp 275 275 275 [ [
Total Number Strings 108 | 108 | 108
|
No of Modules in Strings 23 23 23 ‘
Y
Total Number of Modules | 2484 | 2369 | 2438 Az comenen T
Total Array Capacity , 6831 | 6514 | 6704 _
KWp — -
Total Number Of Inverter 12 12 12 o —
Each Inverter Capacity,
KWaC 50 50 50 )] i|7 A{‘i 7£ - ;7 o —i EXISTING PANEL
Total capacity, KWac | 600 | 600 | 600 P s wa
No of point of connection 1 1 1 s T e s SO,

EARTHING SCHEMATIC DIAGRAM

Fig. 7 - Plan Layout of PV System
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Figure no. & Grid Connected System: Loss Diaggram

Fig. 8- Loss Diagram
Conclusion

A performance study of 1800 KW peak grids
connected solar photovoltaic power plant installed at
Dubai was evaluated on annual basis. The following
conclusions are drawn from the study. Maximum total
energy generation of 329.3 MW h was observed in the
month of May and lowest total energy generation of
166.4MWh was observed in the month of December. The
geographical location, weather and other atmospheric
conditions at the installation site. The direction your
panels face, the temperature they reach, the angle of tilt
they are on, the amount of dust and shading they
encounter all affect the ability of the system to perform at
its peak level.

The utilization of roof building will be increasing
the amount of solar energy and achieving Dubai clean
energy strategy 2050 goals, which we have launched to
turn Dubai into a global hub for clean energy and green
economy and become the lowest carbon footprint in the
world by 2050.
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Tlooicanyiicma, ccvinatimecs Ha My CMAmMbio CleOVIOWUM 00pazom:

A Xaiinap I'agap AGyroyx. ConHedHas 3JIE€KTPOCTAHIUS C (DOTOIIEKTPUIECKUMH ITaHETSIMH Ha KpBIMIE MOIIHOCTBHIO
1.8 MBt / Aan Xaiinap I'adap Adyroyx // Becmuux HTY «XIIH», Cepus: Dnekmpuyeckue MAWUHbL U IeKMPOMEXAHUYECKOE
npeotpaszosanue snepauu. — Xappkos: HTY «XTT». — 2019. — Ne 20 (1345). — C. 35-41. — d0i:10.20998/2409-9295.2019.20.05.

Please cite this article as:

Haidar Gafar AbuGoukh. 1.8 MW rooftop solar photovoltaic power plant. Bulletin of NTU "KhPI". Series: Electric ma-
chines and electromechanical energy conversion. — Kharkiv: NTU "KhPI", 2019, 20 (1345), 35-41, doi:10.20998/2409-
9295.2019.20.05.

Byow nacka, nocunavimecs Ha yio Cmammio HACMYNHUM YUHOM:

Aui Xaiinap T'agap A6yroyx. CoHsiuHa eJIEKTPOCTaHIisA 3 (OTOCICKTPUYHUMH TTaHENIsIMU Ha Jaxy noTyxHictio 1.8 MBT /
Anu Xaiinap Fagap A6yroyx // Bicnux HTY «XIII», Cepis: Enexmpuuni Mawuny ma eiekmpomexaHiune nepemeopens enepeii. —
Xapki: HTY «XIID». — 2019. — Ne 20 (1345). — C. 35-41. — doi:10.20998/2409-9295.2019.20.05.

AHOTALIA. B danuii wac nowosniosami odxcepena enepeii 8idieparoms 8aNCIUSY POlb 8 3aMIHI MpaouyitiHux Oxcepen eHepeii Ha
BUKONHOMY nanuei. PomoeneKmpuyHa eHepeis € 0OHIEI0 3 HAUNEPCNeKMUBHIWUX 0dicepell GIOHOBMIO8AHOI eHepeli ma IHMeHCUBHO
po3sugaemuvcs ocmanHin yacom. Ilonosniogani ddcepena enepeii 8idicparomos 8axtCIUBy polb Y 8UPOOHUYMEI elekmpoenepzii. IcHy-
oMb pi3Hi NOHOBTIOBAHI PecypCuU, AKi UKOPUCTNOBYIOMbCA 01 8UPOOHUYMEA eeKmpoeHepeii, maKi AK COHAYHA eHepeis, eHepeis
simpy, ceomepmanvha enepeia i m. /I. Conauna emepeia € xopowum eubOpom 0 8UPOOIEHHS eleKMpPOeHep2ii, OCKIIbKU COHAUHA
eHepeisl 0e3n0cepeoHbO NePemsoPIOEMbCA 8 eNeKMPULHY eHePRito 3a 00NOMO2010 COHAYHUX POMOeNeKMPUyHUX Mooynig. Li mooyui
CcKaoarmucs 3 Kpemuicsux enemenmis. I1ociioosne 3'€eOnanHs enemenmis 0ae MONCIUBICIb peanizayii COHAUYHO020 homoereKmpuy-
H020 Mooyns. TIpodykmusnicme cucmemu 0y1a 3MO0eIbOBAHA 3 BUKOPUCIIAHHAM NPOSPAMHO20 3abe3neuenns PVsyst, npoananizo-
6ami ompumani pesynomamu. Auaniz pe3yibmamis MoOen08anHs NOKA3A8, WO MAKCUMANbHA CyMapHa eupodnenus enepeii ¢ 329,3
MBm cnocmepizanacs 6 mpasHi, a HatHUMCHA cymapha eupoobnenis enepeii - 166,4 MBm - ¢ epyoui. Buxopucmanns daxy 6yoisni
6y0e cnpusamu 30ibUleHHI0 KiTbKOCMI COHAYHOT eHepeii i docsaecHenns yinetl [Jybaticokoi cmpameeii yucmoi enepeii 0o 2050 poxy, saxi
HayineHi Ha 3a6e3neyentHs cemu 8iocomkig enepeii /[ybas 3a paxyHox yucmoi enepeii 0o 2020 poky, 25 siocomxkis oo 2030 poxy i 75
siocomxie 0o 2050. » 6in 6yde peanizosanuii 6 pamxax iniyiamueu Shams [Jy6aii, mema AKoi - CHOHYKamu 81ACHUKI8 6ydisenv 6cma-
HOBTI08aMU COHAYHI naueni Ha daxax i nog'szyeamu ix 3 ocHognow mepedxcero (DEWA) ([Jenapmamenmy enexkmpoenepeii i 60ou [y-
oas).
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