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Abstract:

This research aims to design and analyze a photovoltaic solar energy system to
power the AL-Zaidab Agricultural project in the River Nile State as a sustainable
solution to the problem of dependence on expensive and unstable traditional

energy sources.

The research begins with a general introduction to the importance of energy, its
sources, and types, highlighting the advantages of renewable energy and

classifying different types of systems.

The research present a detailed methodology for designing the solar energy
system, starting with a site study and accurate estimation of electrical loads,
followed by calculations for selecting and determining the sizes of solar panels
and invertion capacity. It also addresses the engineering aspects of designing
electrical connections, finally, the presents a comprehensive study of the cost,

economic feasibility, and indirect environmental and social benefits.

The research recommends the necessity of supporting policies and legislation,
strengthening infrastructure, investing in research and development, and building

human capacity to achieve maximum benefit from this promising technology>



The study concluded that using solar energy in agricultural projects is an effective
and sustainable option that contributes to reducing costs and supporting
agricultural development, recommending the expansion of these systems in

sudan.
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¢ Orientations management

PVsyst uses orientations to calculate the transposition factor,
Each orientation must be linked to at least one sub-array in the System part. _ _
When you define a 3D scene, the 3D areas of each orientation must match with the ones defined in the System! 0 Add orientation

¥ Orientation #1 - Fixed, Tilt 20.0°, Azim. 0.0° @ Status: OK

ield type Nam: —~Module area
l System 0Om2

Fixed Tilted Plane /| [Fixed, Tit 20.0°, Azm. 0.0° ]
3D scene 0m?

Field parameters
Plane tilt

Azimuth g y
Base tilt angle o |

Tilt 20.0° Azimuth 0°

—Quick optimization (acc. to clear-sky model)
~Opti jon with respect to

® Annual yield

O summer (Apr-Sep)

O winter (Oct-Mar)

~Yearly incident irradiati

Transposition Factor FT 1.06 FTranspos.= 1.06)
: Loss/opt.= 0.0%
Loss with respect to optimum 0.0% |

i 0.
Global on collector plane 2344 kWh/m? 30 60 -9 60 -30 0 30 60 90

Plane tilt Plane orientation

Please define the orientation(s) and dick "OK™

Ll dsly sty clalas) 5yl 1(1-3)J<al)
radgall unadd) £ ladN) @ity Jalas 3-3-3
oedll A8l daghiie g waat b Dosal SSY) dalad) algal) (3 Ll wedl) g ladY) s
s (KWh/m?/day) saas sale Guld lly cdabiall bl owedl) gledy) clly aadnd,
Allie Lglyy ) mhad) o @Y1 mlacdl e lse o(Wh/m?/day)
oo ol [8][71¢NASA SSE 5 PVGIS Jis dualle cilily aelgd (o lilull sda e Jyeanll (Sarg
oot Llle) Alell (Pla e Toal 8 ndd) g ledY) Tauigia slelye ang WS Lidas (a8 cillans

el lae e 2l o)l sl peid) ¢lacal @lldg o(Bhalial) (men 5 CRESH L) aalge o clil
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alias 3 KWh/m?/day 5.5 sl giise o onds g bl Jasgia ) Glasedl 3 il judig

[13][12]. dbidal) Zocoaill Z8Ua) clanladl 206 Ay DU Jesy Lea ¢ 3hlall

Geographical Coordinates | Monthly weather data | Interactive Map

Site ElZedab (Sudan)
Data source |E\ Zedab_MN82.SIT - Meteonorm 8.2 (1998-2000), Sat=100%
Global Horizontal Temperature  Wind Velocity  Linke turbidity Relative

horizontal diffuse humidity

irradiation irradiation

kWh/m2/mth kWh/m2/mth °C mjs [ %
January [ess ] [es | |26 | [ | 2] [er ] N
February [188.0 | [aat | [ee7 | [ | [eem | 21 | "wl .

Ntal iIrraciaton
March 2010 | e R | [ | [ | [eaa | e et
April [218.9 | [0 | [t | [2s0 | [em9 | [ | i
May [215.0 | s | [s3 | [es | [e% | [s | R
June [200.0 | [0 | [se | = | [ | [z | v
1y [s32 ] [oss | [s2 | pn =R | W uqt
August [185.8 | [w2s | [ | [2s0 | [an | 7 | R
September [72 ] [ea7 EE | [ | e ] [z | S
October 733 ] [r2 | [m1 | | ] [ms | radiston urits
November [1s5.1 | [ | [mo | [w | [as8 [BEE | O kwhjm?/day
December [s36 ] [w3 | a1 | [ | fezm ] [as ] (ngh/’"’/'“'h
2
Year 2116 8365 307 28 6.738 305 0 :j;: z;:a;
O wjmz
Global horizontal irradiation year-to-year variability 3.1% O Ceamess Index it

s aidll g i (ggiad) bl £(2-3) J<al

rdggihall 7191 e il 4-3-3

a3 DA (e b Gan Adiging oSl daghiiall araal b dalul) clghadll e shaall sda aed

castlaall Jaall ddaxil e U ducsadl] # 15D 20K 5)3)
Glela asgie aladiuly dalial) Lueadd) &y Qglhadd) cosd) Jeaall o @l & slae¥l 2
Jidiy ey (KA sl g ledY) Jawgiar Cayd Ll ((Peak Sun Hours) duweddl sl
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s23) W/m? 1000 538 eedll g led) DA Liu o) 3 cleludl de el 5530 el

sl DA adgall o Glad Libus ) IS0 G8UI) GaeS Gt contll o(dpaldll LaaY) Cag)h

- Jals)

'Jinko sola iS55 (e sl pladl) -1
( 550W) aalshl #sl) 5)08 -2
1980kw s glaiall 44I<Y 552l —3

b dalaall (e Agllaall #1gN) 22 Gles S =4

N= _P total
o p module

1980kw

0.55kw = 3600 C‘BS

A glaidll 1Y 55080 i P total=

sl #olll 5,08 Ji= p module

293600 = fsadll £1sH1 200 -1

el e 1) oy =2

S5l e 75125 X Alula 144 -3

G5l e dlase 144 (strings) ol 2o —4

sl e dliaga =51 25 saalll Al 3 #11Y) s =5
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1i64 =24 string J<Inverter  cilpay) e Lasisi—6

(3-3) U<l 8 Aaage 2101 (ailias =5

® Definition of a PV module

| Basic data Sizes and Technology Model parameters  Additional Data Measured Data Commercial Graphs
Model IMono 550 Wp Twin half-cells bifadal I Manufacturer IGenen‘c I
File name |Generic_Mono_550_Half_Bifacial PAN |  Datasource |Typical |
(7] Original PVsyst database Prod. Since 2023
Nom. Power - wp  Tol -/+ . . %
(at STC)
redmaoon
~Manufacturer specifications or other measurements ~Model snmmarvio
Reference conditions GRef [1000 | W/m? TRef E °C 0 "a: parameters
R shunt 1000 2
Short-circuit current Isc |14.000| A Open circuit Voc |49.90 |V Rsh(G=0) 4000
Max Power Point Impp |13.220| A Vmpp |41.60 |V R serie model 0190
Temperature coefficient mulsc (7.0 mA/°C Nb cells in series |72 x2 R serie max. 0.230
R serie apparent 0330
or mulsc %/ °C
Model parameters
~Internal model result tool G 1.058
ToRef 0.12 nA
Operating condttions GOper o W/mz Toper [25 |0 °c o muVoc -136 mv/°C
Max Power Point Pmpp 550.1 W 9 Temper. coeff.  -0.33 %j/°C | | muPMax fixed -0.33 /°C
Current Impp 13.32 A Voltage vmpp ~ 41.3 v
Short-circuit current Isc 14.00 A Open circuit Voc 499V
Efficiency [ Cellsarea 23.06 % / Module area  21.29 %
[ show optimization | o Copy to table | g Print | ¢ cancel o oK

Fonalll 13N ailiad :(3-3)J<al)
ey sl 5-3-3

320 KW aalghl jeiy) 5y08 —1
«(Jinko solar) 4<ya e ) jlodl) -2

- i) 6 ol il i) 2xe =3
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e -
Grid inverter definition

: ool Ll A1) 5,33)
6% 320 = 1920KW

i S8 12 = MPPT  ax

480 — 1500V (s :(DC) jaieall jlill Sl aga (3Uas

1.13: AC I DC paws¥! 5,0l dowes

(4-3) a2, Jga 4 daiaga RN Gailad

Main parameters | Effidency curve Additional parameters Output parameters Sizes and Technology Commerdial data

Model |320 kwac inverter, 12 MPPT

| Manufacturer |Generic

File name |Generic_320kw.oND

| Data source [Genenc device

0 Original PVsyst database

Prod. Since 2025

~Input side (DC PV field)

Minimum MPP Voltage
Min. Voltage for PNom
Maximum current per MPPT
Nominal MPP Voltage
Maximum MPP Voltage
Absolute max. PV Voltage

Power Threshold

Contractual specifications, without
real physical meaning

Nominal PV Power
Maximum PV Power

Maximum PV Current

2|22
> >»|>
g KB K

a
L

» B =

—Output side (AC grid)

O Monophased
@ Triphased
O Biphased

Grid voltage
Nominal AC Power

Maximum AC Power

7
¢

Nominal AC current

Maximum AC current A O

—Effici

Maximum efficiency 98.50%
EURO efficiency 98.00%

() effidency defined for 3 voltages

o

5l Print K cancel

oY) (ailad 1(4-3)J<a)
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:(DC  String Cables ) Jduludl disS —1

poandl Gssia ) String US 0813 158 e aied Ll Jis Aidagh ~
Audad) (825 # 15N 2ae =2

((15A SWY) dales g )13 A aslsll 5l 5la—3

PV1-F solar Cable : BENIFT R

DC 1500V :  (paadl agall =5

6 mm?  : aluidl dalus —6

Qe Sy aage JS String = IS QSN 2xe =7

144x 2 = 288 J)S DC(6mm?) -8
(DC i) ) goasil (3yvinm (sa) iyl S — 2

tsadaall Byl Aot die I Ll -]
=1872 A Lnpp

il Sl -2

1872
liny =—— ~ 3124
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DC Power Cable — XLPE : BHPNIFER
6 mn? : adakdl dalis —4

clle iS5 cinge S 2 il S0 QWS 2ae =5

S sl =6

6% 24 = 14448 DC(6mm?)
Al ol Jlaa¥l I il @) e AC a0 JsS -3

320 KW aalgll a1 5y
400V 2
0.99 5,34 Jalaa

o 09 Al s

320000

V3 x 400 x 0.99

XLPE Copper Cable : J.\K &
0.6/1 KV 1 (yizal agall
1207 : ahaiall dalose

(L7 = Jlasnl + @llaf) syl JS8 QIS 2o
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PN SRR R
6 X 7 =42 s Ac120mm?

( Earthing ) as)bll JilsS — 4

Earthing :  JiS)) g4

Y Gaalias #1915 JSlgl) anylil

(e oelal) 50mm? i,V Al

16mm? : JSbgl)

16mm? : gl Bsaiia

35mm? sy

haghilall idlly uye<l) Jabadl)  4-3

:5aaatal) 48Ual) -1
1980KW  daskaiall 1iacy) 5,040
1914KW Jac il 5,a3l)

s OS Dl Al Pl daghial el maagy U JS8N 3790MW Lgies daial) 28
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Normalized Production and Loss Factors

| ! ] ] | I I |

1oL Lc: Collection Loss (PV-array losses) 16.6 % |
Ls: System Loss (inverter, ...) 1.5%
Yf: Produced useful energy (inverter output) 81.9 %

0.8

0.6

Production normalized factors

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

bl Silg 2 LY Jelge 1(5-3)J<al

28l ASuaN b Jadlly \giing Lealis) 25 ) dblal) 35Ual) ey £ e gl —1

asall 8 89,3 Ly 5l€ (<0 Aol Ll S 5.25 2] Vgl (gyneal aus il gl

3yl lall ol & daaas Al s8feal) St eV Gl -3

adil) £ i) ciliby -2
tlall il aisal Laliall bl e al) (S8 adiny e ledY) Qb
e sief Blgsl€ 2216.2 S @) g L) aly -1
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e iafhlgel€ 2340.6 gy (Aay2 20 sk ALl = 1N (s5isn e g a1 -2
gy iafllysh€ 6.41 1) e asall g Las) acesia =3

2N e Bl el g i) iy g (6-3) a8y ISl

Reference Incident Energy [kWh/m?*/kWp]

Predef. graphs

Reference Incident Energy in Collector Plane

| I | | | I I I I 1 |
L - Yr: Reference incident energy : 6.413 kWh/m?/day

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

) (gin 8 Apansall Lagiud) 28l 1(6-3) J<al)
L)) Jalaa-3
%81.9 (g5iedl )Y Jallas Lassgia — 1
%84.2 (jand) sed b dad o) =2
%806 (Jinl) ek b ek J8I -3

((7-3)JSal 4 daiage ) Jalae clily
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Performance Ratio PR

Performance Ratio PR

Jan

Feb

Mar

Apr

PR: Performance Ratio (Yf/Yr): 0.820

May Jun Jul Aug Sep Oct Nov Dec
celY) daas 1(7-3) A
148Ul & claghil) -4
{%2.0 1N & aaall -]
P15 JsSlly cluagill & aall -2
Y1.8 jay) A saill -3

(agail) b dad lel) %12.1 gl 2uil) —4
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Loss diagram
2212 kWh/im® Global horizontal irradiation
+5.6% Global incident in coll. plane
-1.8% 1AM factor on global
2290 kWh/m®
* 9300 m* coll. Effective irradiation on collectors
efficiency at STC = 21.29% PV conversion
4535.7 MWh Array nominal energy (at STC effic.)
PV loss due to irradiance level
PV loss due to temperature
Module guality loss
Mismatch loss, modules and strings
Ohmic wiring loss
3859.0 MWh Array virtual energy at MPP
Inverter Loss during operation (efficiency)
I 0.0% Inverter Loss over nominal inv. power
I 0.0% Inverter Loss due to max. input current
4 0.0% Inverter Loss over nominal inv. voltage
N 0.0% Inverter Loss due to power threshold
N 0.0% Inverter Loss due to voltage threshold
N 0.0% Might consumption
3790.2 MWh Available Energy at Inverter Qutput
3790.2 MWh Energy injected into grid

i) el 1(8-3)J<al

duidlly Lolaidy) soanll  5-3
:0aLa8Y ) (ggaallg Al Ay

ocedl Zal) doghie 8 Hlaiad ol a8 LA Leals (sola@Y) Culall ae)
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[11][4]. AsesSad) sl slelye ) 28LaaYl

40 i) LY Akl | Basgll yra 2] il gal) 5y
(Se) JYs) (hasme axin) | ((Hhasw 4sin)

$480,000 | 1,440,000,000 400,000 3600 550W zlsh!

$1,300 3,900,000 650,000 6 3.2KW &)

$60 180,000 30,000 6 — | aead (B5dia

$576 1728,000 6,000 288 6mm? DC J.<

$350 1,050,000 25,000 42 3.5Mm? AC Jas

$300 900,000 150,000 6 - s dal

$3,000 9,000,000 2,500 3600 - COlag

MC4

$960 2,880,000 20,000 144 - DCCL.G

$4,560 13,680,000 95,000 144 - Sl JSba

$25,000 75,000,000 40,000 144 T sl il
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$150 450,000 - - — | Gelpa daile
$16,666 50,000,000 - - - Aleal)
$528,518 | 1,598,768,000 & sandl

o ghatall AN A aLay) Aalal

(Leil) ALE L) asm 4021,598,768,000 :(oa dashaiall 2,00 A3Lasy) Al

A 25 15 Assadl) ALl dagliial il Y1 senl)
L35 e 6-3

tdcalal) slugSib Jars g9 8l 1-6-3

25 40n 10,000 el Llgl€ 100 I e
25 422100 =100+10,000 :(Te) 2nlgh delie Llgoll) e

el Blg5l€20,040 =dele 12% Llssh€ 1670 tgssiall ol eDlgin)
tlag dalall oliygS) A4l

sl b g asa 2,004,000 =222100x20,040

(Lsadd) 8L aladicd die) Gasal) (gyiaell il
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