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ABSTRACT
The global adoption of advanced computational tools and simulation platforms has
revolutionized infrastructure planning and design. This progress has enabled the
development of innovative solutions to urban sustainability challenges. Given Libya's
prime location in a high solar irradiance zone, solar energy presents a strategic avenue
for sustainable urban development.
This study develops, designs, and simulates an integrated model for clean energy and
green hydrogen production, termed the "Namaa Energy System," to power a smart
sustainable city in Libya. The system synergistically combines an alkaline electrolyzer,
photovoltaic panels, PEM fuel cells, and an automated control unit. Tripoli and
Ghadames serve as case studies to evaluate geographical impacts, using Aspen Plus and
EES software for simulation and precise calibration.
Results indicate that the proposed system can achieve complete energy and fuel self-
sufficiency for a smart city. Moreover, it can generate a significant surplus during peak
solar months, enabling a transition to an export model and fostering sustainable
economic growth. The system demonstrates high adaptability, with its application
feasible across various Libyan cities. The required scale of the photovoltaic array can be
efficiently tailored to local climatic conditions and solar resources at each specific site.
This research underscores the technical viability and strategic value of integrated solar-
hydrogen systems in advancing urban sustainability and energy independence for Libya.
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N,,- N,"N, (14)
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H, + é{}z @ H,0qiquia) + Power + heat (15)

(g)

H, —» 2H* + 2e” PRI (16)

>0, +2H* + 2¢™ - H,0 S s (17)

Cn s sl s Al 2eal a5 JY1 e 5al) roiia ) 3l A seal) iy

e JI )y 381 gl & gane Jias SN 6 all Ll ¢ 4 jalSudinall ¥ alaa s il 8 JDA

Al AL AR dgn s QYL 5 (S 26 ¢ sl 2en ¢ Iapiill s ) i A1)
J12] B aus Wl ey

VFC‘ =E+ Va +V, ohmic I"T::onc: (18)

Al ldadl da glie casn il 8 5 5le 1 (The activation voltage) i) sea
L[13] s s (S ca i s

V...=—-09514+312-10-T,,, — 1.87-107*- T, - In(]) +

7410 T,y -In (C,,) (19)
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Vohm!’c =—I- R:’nt (20)
AN DAl Lobaa S AlA0Al) A glaad) (o)) Cuay

R,;=1605-1072—-35-102-T.;+8-107>-1 (21)
(Concentration voltage) S sill aea

il g ol 25030 ol 3l A AT a3 5 e

A Al sl (e
I
Lzronﬂ =B- Inl:l - E] (22)

Jeaaiiall 400 Sl d8Uall lade 48 jra Jead) (pe il dad s 1A 2 alag) 2ay
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WFC‘ =1- I"r.!-".: (23)

dEBlial g il 5
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