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Abstract:

With the increasing use of renewable energy, particularly solar
energy, and the growing demand for parking spaces in urban areas,
solar carports have emerged as a sustainable and cost-effective
solution for energy supply and pollution reduction in urban areas in
urban areas. This study investigates and compares the economic
performance of solar carports with that of traditional parking
structures (iron-frame tents and polycarbonate covers). This study
employs the AHP and PROMETHEE methods to analyze and
compare key criteria, such as initial costs, return on investment,
environmental impact, lifespan, and public acceptance. The
significance of this research lies in its multidimensional
justification—economic, environmental, socio-technological, and
policy-based—making it relevant both scientifically and
operationally.

The findings indicate that although the initial investment for solar
systems is higher, solar carports prove to be significantly more
economical in the long-term owing to electricity generation, energy
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cost savings, and pollution reduction. A case study of the parking
facility at Khatam Al-Nabieen University in Kabul revealed that the
installed solar system could supply a portion of the university's
energy needs, generating over 2.3 GWh of electricity over 25 years
and preventing the emission of approximately 947.5 t of COx.

Overall, this study strongly highlights that sola carports, as a
sustainable, economic, and environmentally friendly alternative to
conventional parking structures, can contribute to addressing energy
and pollution challenges in Afghanistan. Therefore, the multifaceted
importance of this study is evident not only in the cost-benefit
analysis of solar projects but also in establishing a strategic link
between sustainable development goals, technological innovation,
and the empowerment of public institutions to play a leading role in

the transition to a green economy.
Keywords: Parking, Renewable Energy, AHP, PROMETHEE, Economic
Analysis.
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! Number of modules are connected in series is called String.
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Summary of losses

Cause Average Expected Loss % |De-rating-factor
Tempratuer 12 0.88
Dirt / soiling 5 0.95
Manufacturs Tolerance +3 0 0
Shading 0 0
Oriantation 5 0.95
Tilt angle 8 0.92
Voltage Drop 3 0.97
Inverter 6 0.94
Loss in DC Cables 3 0.97
Annual degradition after 1 year 0.67 0.9933

total derate multipliying factor (product of all factors) 0.76

Yy e (Solar Irradiation)) Gl aiwis (598 oluls Jeao cuils b o bl
59, Toe Jlo Jgb jo a8 IS Q8T Glews 5 o o Jgw olgs « (PSHE5.75)T L LIS
3,5 Sl o5 yoe Job 5o 5 4Vl Jlsale goddsi 6551 Gliee Olsie [19]00L (oo
Ly (59 yoe) allo YO g ai¥le odg (i allae ol ois SYeb bl (e L
oS Sl (Q) Je,8 5l eolazul

Energy yield3 = PSH X Array Power at STC*

X Derating factor due to losses (5)
Annually Energy yield = 5.75 = 300 = 41.3 * 0.76 = 54144.3 Kwh
= 54.14 Mwh

Energy yield at 25 years = 5.75 * 300 * 41.3 = 0.76 * 25
= 1353607.5 Kwh = 1.4 Gwh

WVlo L5 5590 (o 155 SS L dawgs ond alol a5 Slalore cudls ks o b Ly
oSl g5l el oS 1.4 L YO Jobo 40 9 (SO Sl (65 50 csles oK 54.14

! Irradiance is the total quantity of radiant energy per unit area received over a
given period i.e. daily, monthly or annually.

2 Daily irradiation is commonly referred as peak sun hours. (PSH)

SEnergy yield _axie Sl 3gp o 50 pieaw o 6550 o235b

4 STC standard test condition
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Bill of Quantities (BOQ) for 41.3kW Solar Parking System
No Items name Items description Quantity | Unite Price $ | Total Price $ T_he fzquwalent_
price in Afghanis
1 | Solar Module |580 W +3% 72 60 4320 302400
2 Inverter 15000 W 3 2500 7500 525000
3 Fuse AC fusg AC three phase for output 3 25 75 5250
of inverter
Fuse DC 32A with DC voltage
4 Fuse DC of 600 VDC for solar string o %0 210 18900
5 combiner box 2 200 400 28000
6 |Installations cost 2000 140000
5 M |scgllaneous 1000 70000
items
15565 1089550
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Total Initial Investment (CAPEX) 6

Annual Savings or revenue (6)

(5! colos DlgolS o S8 V.0) (ciole) adyas (1285 Jlai 10 b ayleyus iS5l
1089550

Payback Period =

Payback Period = = 8 year
135360.75
(5551 ol SlaghS 5 JUENT) 3o 48,05 059, 1853 b sl 02550 U
Pavback Period — 1089550_16
ayback Period = ———o0a0- = 1.6 year

Olae il az) alo pw S 5L & 5 b, gl (ROI) EO PYVRRLINA 3 P VN E
p...S ° oolaw! (V) J}A)S )‘
Total Profit Over Lifetime

ROI = X 100 7
Initial Investment (CAPEX) Q)
oS a8, sl
__ (676803.8+25)—1089550 __ 15830545 _
ROl = 1089550 x 100 = 7589550 * 100 =

1452.9 % or14.53 times
ikl 48 a5 sl

(135360.75+25)—1089550 2294470
1089550 x 100 = 1089550

L;_)w AS)ASdeLw YO Gdw yo uaJL‘>...\.3L£

ROI = X 100 = 210.6% or 2 times

Netincome = (Annual revenue * Lifetime) — Initial Investment

Netieome = (676803.8 * 25) — 1089550 = 15830545 i
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! Multi-Criteria Decision Making (MCDM)
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