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O ABSTRACT 0O

The limitations of global resources of fossil and nuclear fuel, has necessitated an urgent
search for alternative sources of energy. Therefore, a new way has to be found to balance
the supply and demand without resorting to coal and gas fuelled generators. Environment
safety has become very important for any energy system, Increasing demand of
conventional sources has further increases the need and optimizes cost of non-conventional
energy sources.

Building a photovoltaic system is the process of designing, selecting and calculating
the ratings of the equipment’s employed in the system. The process depends on a variety of
factors such as geographic location, solar radiation, and load power requirements. The
research presents a practical method for designing and simulating a Stand-Alone PV
energy system using the PVsyst program to feed a household load in the city of Tartous.
As well as determining the total energy flow across the entire system. The reliability of the
PV system was calculated and the results showed the high reliability of the solar system,
The reliability of the solar system after 20 years of the system's life was 0.99979.

Keywords: Renewable Energy, Design, Stand-Alone PV system, Reliability Photovoltaic
PV array.
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Site Tartous (Syria)
Data source Meteonorm 7.3 (2003-2010), Sat=100% |
Global Horizontal Temperature  Wind Velocity  Linke turbidity Relative
horizontal diffuse humidity
irradiation irradiation
kwh/mz/mth kwh/mzjmth C mfs [ %
January |74.8 | |7 |10.2 | i | |3.128 I |
February o5 | 46.5 |15 | 210 | |3.559 | |70 |
March |145.4 | |s20 | 151 [ EE | |aast R |
April |185.9 | et | |0 | |209 | |s.0%4 | |ess |
May |215.4 | |s3.0 | |z | |uso | |a7e7 | |esa |
June |228.6 | |34 | |as | Jum | |80t | |ms |
July [222.1 | |goa | |77 G | I EEEE | | |
August |208.0 | |s8.3 | |7s | 7 | |ser7 | |7 |
September |188.0 | 541 | | | |ueo | |3.7e0 | |ess |
October |137.5 | |a2s | |23 | i | |ses7 | |e7.4 |
Movember % | 335 | |85 | i | T | |es.7 |
December |77 | 333 | |20 | Jueo | [3184 | |48 |
Year 18213 696.5 19.4 1.7 3.882 711

(mstash Aipsa) CuSl gliga b (el iy (1) Jsd

a3 Qe JlenSU A glladl Auasd) B e Ly Janl U8 (e BELLD gl SDLEAN) ayaas Sy
PN ‘;.A}:\S\ cdlall Jauigia clt IGITEN 6(2) Jsa) (PVsyst C—ALDJ G Al Jpad Cawnn ddlhall e lhall
L1IKWh/day &l Jyaé JUa

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
74



Dretailed User's needs

Daily household consumers, Seasonal modulation, average = 11.0 KWhiday
Summer [Jun-Aug) Autumn (Sep-Nowv)
MNumber| Power Use Energy Number| Power Use Energy
W |Houriday| Wiiday W |Houriday Whiday
Lamps [LED or fluc) 10 |[10Wilamp| 3.0 300 Lamps [LED or flun) 10 [10Wilamp( 3.0 00
TV I PC | Mobile 2 [100Wrapp| 3.0 1000 TV I PC | Mobile 2 [100Wlapp| 350 1000
Domestic appliances 1 S00Wapp| 4.0 2000 Domestic appliances 1 S00Wiapp| 30 2300
Fridge | Deep-fresze 2 24 1558 Fridge I Deep-freeze 2 24 1598
Dish- & Cloth-washers 1 2 2000 Dish- & Cloth-washers 1 2 2000
Ventilation 1 100Wiot| 240 2400 Ventilation 1 100W ot | 240 2400
Air conditioni 1 H000W o] 3.0 3000 Stand-by consumers 240 144
Stand-by consumers | 240 144 Total daily energy 10142Whiflay
Total daily energy [ [12602Whifiay
Winter (Dec-Feb) Spring (Mar-May)
Mumber | Power Use Energy Mumber | Power Use Energy
W Houriday Whiday W Houriday Whiday
Lamps [LED or fluc) 10 |[10Wllamp| &0 600 Lamps [LED or fluc} 10 |[10Wlamp| 350 500
TV IPC | Mobile 2 100Wrapp| 6.0 1200 TV IPC | Mobile 2 [100Wapp| 350 1000
Domestic appliances 1 F00Wrapp( 6.0 3000 Domestic appliances 1 F00WIapp| 5.0 2500
Fridge | Deep-fresze 2 24 1558 Fridge I Deep-freeze 2 24 1588
Dish- & Cloth-washers 1 2 2000 Dish- & Cloth-washers 1 2 2000
Ventilation 1 100W iot| 240 2400 Ventilation 1 100W ot | 240 2400
Stand-by consumers 240 144 Stand-by consumers 240 144
Total daily energy 10042Whiglay | Total daily energy [10142Whiflay
Hourly distribution
1400 T T T T T
1200 8
5 1000
§
R
? 600|
= 40
00|
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Basc data  Spes and Teowology Modeiowraneteys Addtionsl Dote  Comnmercy  Gaphs

Mocs LR5-72 MO0 545 M Dfaces Marufactirer Long Soer

Fie ranve Loy LAS_72 *€0_346_M_Bracs PAN Oata source  Manfactse 2001

‘J Custam pararvetsry defato Srod. Seoe 021
Rom. Powes 360 [wp  Td e 0.0 |18 | %

At STC

Tectradogy q-ora

Manufacturer specifications or other measurements

~ Hoded summary
Raferance condtons GRaf 11000 wW/im? TRef 2% - U Main parameters (‘
e R shumt 200
Shortcrout current =c 13.97 per crout Voo Rehihi=0) 1000 0
Nas Powsr Pont Impp (13.040! A Vmeo 4180 |V R sevie mode! 0230
Terrparsture coalMicent wulec 7 AT R senie ma 0240
SR mulkc 2.0 __| mAr Mbodls 72x2 R sene aoparent 037 a
ulsc 10,05 %/
Model parameters
Int ! It tood Garme 0.997
—— _— d Jofet 00204
Op GOper 1000 Wimt TOper 125 . LT 148 mV/*C
Ma w @ TP faes 035 /°C
rent P
st ut corrent Ist 1392 A
Effmency Cebs ez 23,352 %
»  Foste Fom table ® Cpy 1o table el ot ¥ crenl S oo
|
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SBELE e i Tilt 30° Azimuth 0°

Pare it 1%0.0

Anmuth 0.0

Quick optimization

Ootimzaton with resoect to ‘)

Summer (Apr-Sep)
Winter (Oct-Mar)

Yearky meteo yeeld

Tranaocsition Factor FT 113

Loss With Respect To Optesm 0.0%

» 0 ) & 90 “%0 60 30 0 30 & W
Globa' on collector plane 2064 kWh/m? v Pace 1t Pase onentebon
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_ Eload . 11Kwh

P, = =22KW
i Tmin Sh
1Al (e Ve = 48V aldaill sga oIS 13 PV ddghiad S Lol caey
Ppy 2200
= —— = 45.8 Amps

Ipy = —
PV Voo 48
fok WS o(4) S Wl liialse canay gflly dudel) e doast o oy 3 21510 canas UL
il e CBN\ Aile sane 22 -

I 45.8
Np = P — =351 Panels = 4 Panels
Iypp 13.04
sl e #1581 2ae -
Vpe 48
Ng = = ——= 2 Panel
ST Vypp 418

YR PTIN] C\)ﬁ!\ dac
Npm = Ng X N, =4-2 =8 Panels
t(@bdaall) uiaal) alhl yaal -
Al (8 Leiias glladll 350l
Estorage = Eioaa X day = 11KWh X 2.2 = 24.2 KWh
Hleanas csthadl) 538 )65 (B0% B3l B ee iYL 33V

EStorage 24200

EStorage,safte = DoD = 08 = 30.25 KWh

A Al o (haaall Cana) cpiasl) alas das
EStorage,safte 30:250

Crp 7 = ,520 Ah

rdelidll e dlaid) alydad) sae
Vpe 48V )

Bs = V_B =Tv - 4 Batteries
pdl) Ao dlaiadll Lluliall ajaaddl cle sana 2o
N = Crp _ 2.52 KAh
BP T Npox Cg 4 %200

= 3 Batteries

TS SN NS GRPENCON g N JCCES g i
Ng = Ng s X Ng,, = 4 X 3 = 12 Batteries
H(Eoeall) Jasall yass -
:[6]dandl de Uil (o 25% iy ) deUaiinly (1) Jasall a2
Piverter = 1.25 X 4.360KW = 5.45KW
-AC Voltage= 230V z» x> «DC Voltage = 48V 2¢a35 Pi = 5500W de lainly zyza lids
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Project: Stande-alone PV System-Nazem

138
B ) < 5 X .
:.cq Variant: New simulation variant
PVsystV7.1.8
VCO, Simulation date:
23005/22 02:45
with v7.1.8
Project summary
Geographical Site Situation Project settings
Tartous Latitude 3489 °N Albedo 020
Syria Longitude 3589 °E
Altitude 15m
Time zone uTC+2
Meteo data
Tartous

Meteonorm 7.3 (2003-2010), Sat=100% - Synthetic

System summary

Stand alone system Stand alone system with batteries

PV Field Orientation User's needs

Fixed plane Daily household consumers

TilYAzimuth 30/0° Seasonal modulation

Average 11.0 kWhiDay

System information

PV Array Battery pack

Nb. of modules 8 unifs Technology Lead-acid, sealed, Gel

Pnom total 4360 Wp Nb. of units 12 units
Voltage 48V
Capacity 600 Ah

Results summary
Available Energy 7613 kWhiyear Specific production 1746 KWh&Wplyear Perf. Ratio PR 4497 %
Used Energy 4004 kWhiyear Solar Fraction SF 100.00 %

PVsyst galin aladialy Jiiual ouuadis Sl aliil) asands ilis (adls (6) JSl

B e oalbyll aeail) GiUad A Cus PVSYSt malin 385 alaill aread il @il JSEN oy
«200Ah Ay (SN 12 9 C\Jj\ 8 LA\ (.LL.J\ CL&A dus c(uua.d\ aslal) e\.k.u GAligSa Mt dga (e GA\J_)AS\
ZHN) Ahias 8 Gleluall @i aaadl PV ol clife clialse duate JS3 (7) JSa1 ek

Agads sl
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G | parameters
Stand alone system Stand alone system with batteries
PV Field Orientation
Orfentation Sheds configuration Modsis usad
Fixed plane No 3D scans defined Tranaposition Persz
TivAZImutn 30/0° Diffuse Perez, Metsonorm
User's needs
Dally household consumers
$easonal modulation
Averags 11.0 kWn/Day
PV Array Characteristics
PV module Battery
Manufacturse Generlc Manufacturer Gensric
Model LRS-72 HSD 545 M Sifaclal Modsal MPG 12V 200
(Custom parameters definition) Technoiogy Lead-acid, sealed, Gal
Unit Nom. Power 545 Wp ND. of units 3 In parallel x 4 In series
Number of PY modules 8 units Discharging min. $OC 200 %
Nominal (STC) 4360 Wp Stored snergy 23.7 kwn
Moduses 4 5trings x 2 In series Battery Pack Charactsristics
At operating cond. (S0°C) Voltage sV
Pmpp 3573 Wp Nominal Capacity S00 Ah {C10)
umpp sV Temperaturs Fixed 20 °C
Impp 53a
Controller Battery Management control
Manufacturse Generic Threshold commands as $0OC calculation
Modsi VarioTrack VT80 - 48V Charging $0C=090/0.75
Tachnology MPPT convertsr approx. S43/51.0V
Temp cosfl. 3.0 mVFC/Elem Discharging SOC=020/045
Converter approx. 47671435V
Maxi and EURO efMiclencies 9901975 %
Total PV power
Nominal (STC) 4 ¥Wp
Total 8 mocules
Mogule area 2047
Caill arsa 185 m
Array |
Thermal Loss factor DC wiring losses Serie Diode Loss
Modude temp g fo Global array res. 24mo Voltage arop o7V
Uc jconst) 20.0 WK Losas Fraction 1.5 % at sTC Loss Fraction 0.8 % at STC
Uv (wing) 0.0 Winrkinv's
Module Quality Loss Module mismatch losses Strings Mismatch loss
Loss Fraction 03 % Loss Fraction 2.0 % at MPP Loss Fraction 01 %
-PVsyst galin aladiuly J8iuwal) PV alai azewat gilis (7) Jeddf
. gy, e
1Ad8lial)g é.i’l.ul\

Pla 4004kWh s (E_load) Jeall aaplll asldall cilalae) Jlaa) of 2n3 (1) dsand) slSlaall il o
7613.4KWh sa alall Jlsh 4 g s 560 ddgtmall o Adaldl Aabial) dpusedl) Ailal) Jasssie . alall

PVsyst galin JNA ¢ pasaall PV allii 51Slaa geilii (1) Jgaa

GlobHor GlobEff E_Avall EUnused E_Miss E_User E_Load SolFrac

kwh/m? kWhim* kWh kwWh kWh kWh kWh ratio
January 7456 107.7 4206 79.8 0.000 339.2 339.2 1.000
February 9s 119.0 4735 148.0 0.000 3064 306.4 1.000
March 1454 170.0 660.3 331.0 0.000 3144 3144 1.000
April 1659 1714 661.1 3413 0.000 3043 3043 1.000
May 216.4 204.7 7744 4446 0.000 3144 3144 1.000
June 2286 206.0 762.8 3448 0.000 379.3 3793 1.000
July 2221 2040 749.2 3194 0.000 391.9 3919 1.000
August 208.0 2091 7623 329.0 0.000 391.9 391.9 1.000
September 168.0 190.6 706.2 3943 0.000 3043 304.3 1.000
October 137.5 181.8 683.7 3444 0.000 344 3144 1.000
November 2.7 1335 516.1 210.2 0.000 3043 3043 1.000
December 1.7 1094 | 433.7 71.0 0.000 339.2 | 339.2 1.000
Year 1821.3 2007.2 76134 33577 0.000 4004.0 4004.0 1.000
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e Al Adlall o) L (8)JSll «4351KWh as0ay (E_array) allad sl digeng oSl 4 unall mim
D e Missing Energy 48Uall 4 (i () 39ns 05 aladl Jlsh Jeall culilliic 2l 441K PV e gana
O Apsid) diala JLSIY 5 A1 las (e dill ) pead) plaill zlisy Y 6L ((8) IS 3 LS Ll
el alaill ¢13Y) Jane of and Gl L Janll §yainsa s 450 3,045 (a5 daanaal) ALK () X5 Lae 28|
eall o adal) adlgl) 8 Agiadl dalil A go oY) Jaee ag Cam (9) IS 0.45 250 oS
Al gl
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