Kufa Journal of Engineering

Vol. 17, No. 3, July 2026, P.P. 732-743

Article history: Received 1 August 2025, last revised 25 January 2026,
accepted 5 February 2026

DESIGN AND IMPLEMENTATION A PROTOTYPE OF
SOLAR CAR PARKING FOR LIGHTING LOAD

Ahmed A. Znad®, Safwan A. Hamoodi*, Ali N. Hamoodi*, Muna H. Hussien*

* Technical Engineering College/Mosul, Northern Technical University, Mosul, Iraq
https://doi.org/10.30572/2018/KJE/170342

ABSTRACT

This work described the on-grid strategy to provide energy for lighting loads. This technique
included connecting a lighting lamp directly to the public utility grid shared with solar PV array
in order to reduce the consumption of energy during peak hours in day. A solar car parking
prototype model has been designed practically consisted of 66 Wp PV array included PV
modules and smart inverter (700 W). Case study illustrated successful implementation of on-
grid solar PV system across various lamp load. The results showed the on-line monitoring data
on power generation in kWp/kW, for each lamp under different irradiance and constant
temperature (25°C). Finally, it has been concluded that the maximum power generated obtained

by smart inverter was (18.7W) at irradiance (760W/m?).

KEYWORDS

Smart inverter, solar PV plant, power generation, Mosul climate data, car parking.

@ @ This work is licensed under a Creative Commons Attribution 4.0 International License.
E:.'I'.


https://creativecommons.org/licenses/by/4.0/

733 Znad et al.

1. INTRODUCTION

Approximately 99 % of installed capacity worldwide is made up of on-grid solar PV systems
as compared with the stand-along systems which include batteries. Battery fewer on grid solar
PV system are requiring less mantenance and cost effective (Ali et al., 2023). No batteries need
for on grid solar PV system and the grid receives the generated power for distribution and
consumption. The main advantage of installing a solar carport is the flexibility it offers in
customizing and designing solar projects (Bashar et al., 2023). The orientation and angle of the
solar panels significantly influence the energy output, allowing for optimized placement.
Therefore, a solar carport can be designed to enhance the positioning of solar panels, which
may not be as easily achievable with a rooftop solar panel system. Additionally, the solar car
parking has been incorporated into a green home system to promote smart and sustainable
transformations within the community (Sreedevi et al., 2016). This integration encourages the
use of renewable energy in everyday applications, thereby enhancing electric mobility.
Furthermore, the energy generated by the solar panels will be influenced by sunlight availability
(Pedro et al.,2016). It is designed to be directed to supply power to the building through a
DC/AC converter and a DC/DC inverter, making it a crucial component of an intelligent grid
power system. Taking everything into account, solar parking is an ideal option for residential
and commercial uses since it provides great versatility in utilizing solar power. Access to solar
energy has greatly increased thanks to the lower prices of PV panels (Farhana et al., 2019).
Office buildings and industrial sites have tremendous potential for PV panels because of their
flat roofs’ large area. A few include warehouses, college buildings, factories, etc. Although this
potential exists to replace fossil fuels with a quiet and clean energy source for powering
transports, it is still largely untapped (Nawal et al., 2019). The aim focus on self-sustaining
power systems and electricity generation is to optimize onsite usage while minimizing
exchanges with the grid during peak load hours using PV energy for cross subsidized balancing
services.

2. CONTRIBUTION

Grid connected solar PV system plays a major role in system energy landscape, communities,
individuals, broader energy grid and offering numerous contributions to individuals. The key
contributions like: Environmental benefit (clean energy generation), reduce carbon emission by
harnessing solar energy, this system will generate electricity without Buring process of fossil
fuels (Raad and Nabeel, 2024).

Economic advantages (cost saving) lower electricity bills, businesses and homeowners can

significantly reduce or eliminate thein monthly bills value by generating their own power.
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enhancing energy security and independence reducing the reliance on the grid where, grid
connected solar PV systems allow consumers to generate a major portion of electricity and
reducing the dependence on utility companies and fluctuating energy cost. Grid support and
stability PV systems usually generate the higher electricity during peak demand hours that helps
to alleviate stress on the grid and prevent blackouts, also these systems can reduce transmission

loss and improved grid resilience (Fatima and Asmae, 2022).

3. IMPACT OF CONNECTED SOLAR PV SYSTEM TO THE GRID

When the penetration of solar PV panels is high, PV systems can subject the grid with several
negative impacts like, over voltage along distribution feeders, reverse power flow, phase
unbalance, voltage control difficulty, power quality problems, increased reactive power and is

lauding detective difficulty (Chia-Hung et al., 2012).

4. LITERATURE REVIEW

Designed a smart grid solar carport at that constructed York University, this solar carport is an
early step in reducing emissions. A creative smart grid approach is here for developing electric
mobility solutions on campus and a sensible and regionally oriented response to climate change,
they arrived that this project differs by incorporating a green building method to bridge the gap
in PV production (Fabrizio et al., 2014).

Study of the King Abdelaziz University patent application, the application of PV panels in
energy generating systems discussed in various forms or and/preparations to maximize sunshine
exposure. In order to prevent light-obstructing materials like sand, dust, leaves, and other wreck
from covering PV panels, they decided that this carport project would be part of the green
building system rather than just producing electricity, and that the energy generated would be
used to energize a green building (Ana et al., 2021).

Conducted the system's sizing, design, and feasibility study using HOMER Pro. Also modeled
in Simulink were the major parts of the system-PV, inverter, battery, controller, and load. A
DCDC buck-boost converter powered by the Perturbation and Observation (P&O) Algorithm

served as our solar charge controller (Nasir et al., 2020).

5. METHODOLOGY

The car parking structure consists of 66 PV modules, tidied in 6 rows of 11 modules. The
company Shenzhen, China of polycrystalline module model SKU:262, with 1Wp. The
development of solar PV system efficiency depends on the production of predicting PV
generation under various environment conditions (Abdal-Razak et al., 2025). PV module can

link with each other in series or parallel or combined from numbers of modules in series for
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each string and connecting all strings in parallel on the desired power, the main unit of PV
module is a PV cell which convert light to electricity (Safwan et al., 2024).

Small PV module and Table 1 describes the module characteristics as shown in Fig. 1.

Fig. 1. Mini PV module

Table 1. PV module characteristics

Parameter Value
Working voltage (V) 6
Output power (W) 1
Working voltage (mA) 0-200
Product size (mm) 110*60%*2.5

Six distinct strings separated the two models of several PV modules. Thus, the inverter utilized
in this system should have at less two independent maximum power point tracking (MPPT)
(Bashar et al., 2024). The PV layout is comprised of 11 modules with 610Wp and a 6. 71 kWp
string, made up of 11 modules of 610 Wp. The total power of the two strings therefore is 40. 2
kWp. The company provided an inverter, model SG700MD, which has a power capacity of 700
Wp and includes a built-in monitoring system (Mouli et al., 2016). In Fig. 2, the inverter
displayed in the upper right corner of the image. The key specifications of this inverter are
summarized in Table 2. Inverter with capacity (86 W) enough to coverage the load, but 700W

smart inverter has been used because only this type available in the markets (Seyed et al., 2024).
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Table 2. Inverter type SG700MD characteristics.

Parameter Value
Number of inputs MC4 connector 2 set
MPPT voltage range 24V-40V
Operation voltage range 18V-50V
Maximum input voltage 50V
Startup voltage 18V
Maximum input power 2*350W
Maximum input current 2*14A
Number of inputs MC4 connector 2 set

6. SMART GRID UNDER STUDY

736

The design of car parking project at Northern Technical University-Technical Engineering

College-Mosul/Iraq. In order to supply the electrical engineering techniques department was

likely due the donation of equipment by solar plant laboratory for its construction (Ali et al.,

2023). The donated item, supplied by the team, was a plastic framework designed to support

the PV module in a solar garage that accommodates two parking spaces. This structure features

a sealing system to prevent water leakage between the modules (Ahmed et al., 2022).

Additionally, it includes an intermediate clip that runs the entire vertical length of the row of

elements, along with silicone applied horizontally at the contact points between each module.

The structure dimensions and aspects of the module (Ali et al., 2023). And the google aerial

photo is depicted in Fig. 3.
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Fig. 3. Car parking inside Technical Engineering College — Mosul
(a) Aerial photo. (b) PV strings dimensions

The block diagram that describes the connection of solar PV car parking is depicted in Fig. 4.
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7. FLOWCHART OF SOLAR CAR PARKING
The flowchart of the project work is illustrated in Fig. 5.
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Fig. 5. Flowchart of sharing PV array electricity grid
8. SOLAR PV SYSTEM SIZING

8.1. Energy calculations
The agreeable is to add the wattage of each device that should be powered using the solar PV
plant, therefore a base load calculator that are affordable on the site. Each device has a fixed

consumption of the power that can be given on the name plate.

8.2. PVsizing

When the total load that energized using the solar PV array has been calculated it is necessary
to find out what is the area of solar array which required to generate a much amount of power.
After driving the total watt-hours on the peak sun or a total power will be obtained. After the
total power calculated and driving it on the wattage of one panel a number of PVs panel has

been obtained. Energy amount at day, this PV system is used to feed the college building energy
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per day equal:
E=66W*6 =396 W.h

E _ 264Wh
K 065

Peak sun hour in month Feb. =6.2 h

= 406.15Wh

Energy loss (Ep) =

406.15 Wh
6.2 h

Number of PV modules = 65.50 = 66 Pcs

Total power = = 65.50W

8.3. Inverter sizing

Inverter sizing = total power * 1.3 =85.8 W

At least the inverter power must equal 85.8 W, but in this work inverter with (700 W) has been
used because only this type available in the market.

9. RESULTS AND DISCUSSION

The pictures of the final prototype structure are given in Fig. 6.

9.1. Case one: At Load (9W)

In the first stage, on grid solar PV board has been shared to feed the load as shown in Fig. 7.
At irradiation 420W/m? and 540W/ m? the generated power from the PV array were 6.8W and
8.7W as given in Fig. 8, therefore 2.2W and 0.3W have been drawn from the national electricity

grid to share the load respectively.

Fig. 6. Real pictures inside Technical College
Engineering /Mosul
< SMART MICRO INVERTER L

Fig. 7. Prototype model feed lamp load (9W)
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Fig. 8. Data from smart inverter (a) at Irr. 420 W/m? (b) at Irr. 540 W/ m?
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At irradiation 576W/m? and 610 W/m? the generated power from the PV array were 9.1W and
11.4W as given in Fig. 9, therefore excess capacity value 0.1W and 2.4W have been fed to the

national electricity grid respectively.
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Fig. 9. Data from smart inverter (a) at Irr. 576 W/m? (b) at Irr. 610 W/ m?

9.2. Case two: At Load (18W)
In the second stage, on grid solar PV board has been shared to feed the load as shown in Fig.10.

At irradiation 660W/m? and 695W/ m? the generated power from the PV array were 15.2W and
17.7W as given in Fig. 11, therefore 2.8 W and 0.3 have been drawn from the national electricity

grid to share the load respectively.

Fig. 10. Prototype model feed a ldd 8W)
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Fig. 11. Data from smart inverter (a) at Irr. 660 W/m? (b) at Irr. 695 W/ m?
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At irradiation 710W/m? and 722W/ m? the generated power from the PV array were 18.2W and

18.4W as given in Fig. 12, therefore 0.2W and 0.4W have been fed to the national electricity

grid to share the load respectively.
< SMART MICRO INVERTER Z

L]

"T: Model
SG700MD
aART
INVERTER & Inverter 10

41005892
~

il :
Cumulotive Output Current Output
45,77kW:h 18,2W
s 4 DC Voltage 47.7v0C
Input W 0C Current 0.33A
AR % ACVolage 22B.6VAC
OUPUt g Ac current 0.00A

(@)

< SMART MICRO INVERTER Z
Ve, o
’3; Modol
SG700MD
waAT
—{ INVERTER 6 A
41005892
o~
ihil A
Cumulative Output Gurrent Output
45.75kW'h 18.4W
P>ée 4 DG Voltage Ar.2voc
Input $ 0C Currem 0.36A
PR 4 AC Voltage 231 1VAC
Outpip W AC Current 0.08A

Fig. 12. Data from smart inverter (a) at Irr. 710 W/m? (b) at Irr. 722 W/m?

9.3.

Case three: At Load (68W)

In the third stage, on grid solar PV board has been shared to feed the load as shown in Fig. 13.

At irradiation 760W/m2 the generated power from the PV array was 18.7W as given in Fig. 14,

therefore 49.3W has been drawn from the national electricity grid to share the load.
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Fig. 13. Prototype model feed lamp load (68W)

Fig. 14. Data from smart inverter at irradiance 760W/m?
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The reading kWh in all previous figures of smart inverter represented the cumulative output
overall days as of the first day of operating. The final practical results which obtained from the
three cases are listed in Table 3.

Table 3. Results obtained from three cases

Case Number Irradiance Power from Power drawn Power supplied
(W/m?) PV (W) from grid (W) (fed) to the grid (W)
420 6.8 2.2 ---
540 8.7 0.3 ---
One at load 9W 576 91 - 0.1
610 11.4 --- 2.4
660 15.2 2.8 ---
695 17.7 0.3 ---
One at load 18W 710 18.2 - 0.2
722 18.4 --- 0.4
One at load 68W 760 18.7 49.3 -—-

10. CONCLUSION

This work has success fully showed a prototype developed of solar car parking model. With a
large scale, this model may be used in university parks, public parks, malls, and apartments. It
can be concluded that this project considers an energy source and a reliable source that used to
provide electricity to many sites in addition to university parks and can be sold to the grid and
reducing the electricity bill.

« From case one, at irradiance between approximately (0-560) W/m? the power has been drawn
from the grid to boost the load, but at irradiance 560 until 1000 W/m? the power fed to the grid.
« Case two, at irradiance between approximately (660-705) W/m? the power has been drawn
from the grid to boost the load, but at irradiance above 705 W/m? until 1000 W/m? the power
fed to the grid.

« From case three, at irradiance 760 W/m? until 1000 W/m? the PV didn’t excess the 20W,

therefore in this case the power always must be drawn from the grid.

ACKNOWLEDGEMENTS
We would like to express our thanks to the Technical College of Engineering at Northern

Technical University in Mosul, Iraq.

11. REFERENCES

Abdal-Razak, sh. Adnan, A. Ali, A. (2025) "Robust sliding-mode-based learning for maximum
power point tracking photovoltaics System", Kufa Journal of Engineering, 16(2), 249-262,
https://doi.org/10.30572/2018/KJE/160215.

Ahmed, R. Fatih, K. Mustafa, T. (2022) " A simulation of stand-alone solar energy system
controlled by P&O, IC, and fuzzy logic using bidirectional charging of battery", Kufa Journal
of Engineering, 13(3), 41-58, https://doi.org/10.30572/2018/KJE/130303.



Kufa Journal of Engineering, Vol. 17, No. 3, July 2026 742

Ali, J. Mohamed, S. Khalid, Y. Mahmoud, M. (2023) " A Comprehensive review of electric
vehicle charging stations with solar photovoltaic system considering market, technical
requirements, network implications, and future challenges", Sustainability, 15(8122), 1-26,
https://doi.org/ 10.3390/sul5108122.

Ali, N. Safwan, A. Farah, 1. (2023) "Enhancing the solar PV plant based on incremental
optimization algorithm", Przeglad Elektrotechniczny. 10(2023), 182-187, https://available:
https://doi.org/10.15199/48.2023.10.35.

Ali, S. Safwan, A. Ali, N. (2023) " Optimal planning of hybrid (solar-wind) energy system
using HOMER pro', Simulator", Przeglad Elektrotechniczny, 4(2023), 187-191, available:
https://doi:10.15199/48.2023.04.31.

Ana, C. Josiane, G. Janio, D. Edwin, A. (2021) " Integration of a pilot PV parking lot and an
electric vehicle in a University Campus located in Curitiba: a study case", Brazilian Archives
of Biology and Technology BABT, 64(2021), https://doi.org/10.1590/1678-4324-75years-
2021210140.

Bashar, M. Khaleel, N. Safwan, A. (2023) " Enhancing the maximum power of wind turbine
using artificial neural network", Bulletin of Electrical Engineering and Informatics, 12(5),
2535-2542, https://available: https://doi.org/10.11591/eei.v12i5.5019.

Bashar, M. Safwan, A. Ali, N. (2024) "Enhancing the behavior of small-scale wind turbine
based on fuzzy logic system", Journal Européen des Systémes Automatisés. 57(1) 147-153.
https://doi.org/10.18280/jesa.570115.

Chia-Hung, L. Wei-Lin, H. Chao-Shun, Ch. (2012) "Optimization of photovoltaic penetration
in distribution systems considering annual duration curve of solar irradiation", IEEE
Transactions on Power Systems, 27(2), 1090-1097. https:// available: https://doi.org/10.1109
/TPWRS. (2011) 2178619.

Fabrizio, F. Norma, A. Giuseppe, M. (2014) " Combining photovoltaic energy with electric
vehicles, smart charging and vehicle-to-grid", Solar Energy, 110(2014), 438-451,
https://doi.org/10.1016/j.solener.2014.09.034.

Farhana, U. Muhammed, Sh. Muhammed, Sh. Muhammed, J. Nadeem, N. (2019) "Design and
optimization of solar carport canopies for maximum power generation and efficiency at
Bahawalpur", Hindawi International Journal of Photoenergy, 2019(1), 1-8,
https://doi.org/10.1155/2019/6372503.

Fatima-Ezzahra, R. Asmae Kh. (2022) "Development of a stand-alone solar carport system

Linked to charging stations and its economic analysis (A case study)", Conference: (2021) 9th



743 Znad et al.

International Renewable and Sustainable Energy Conference (IRSEC), IEEE Xplore,
https://available: https://doi.org/10.1109/IRSEC53969.2021.9741148.

Mouli A. et al. (2016) "System design for a solar powered electric vehicle charging station for
workplaces", Applied Energy 168(2016), 434-443. https://doi.org/  10.1016/j.
apenergy.2016.01.110.

Nasir, M.Z. Salimin, S. Chan, B. S.A. Jumaat (2020) " Prototype development of smart parking
system powered by solar photovoltaic", Indonesian Journal of Electrical Engineering and
Computer Science, 18(3), 1229-1235, https://available: https://doi.org/10.11591/ijeecs. v18.13.
Nawal, N. Yacouba, M. Ahmed, K. (2019) "Sizing of a car parking photovoltaic system: an
economic analysis" (2019) Advances in Science and Engineering Technology International
Conferences (ASET), https://available: https://doi.org/10.1109/ICASET.2019.8714415.

Pedro, N. Raque, F. Migue, C. (2016) "The use of parking lots to solar-charge electric vehicles",
Renewable and Sustainable Energy Reviews, 66(2016), 679-693,
https://doi.org/10.1016/j.rser.2016.08.015.

Raad H. and Nabeel A. (2024) "Investigation of hybrid photovoltaic /thermal solar system
performance under Iraq's climate conditions", Kufa Journal of Engineering, 15(1), 1-18,
https://doi.org/10.30572/2018/KJE/150101.

Safwan, A. Ali, N. Rasha, A. (2024) " Design and simulation of smart grid based on solar
photovoltaic and wind turbine plants", Journal Européen des Systémes Automatisés, 57(4), 953-
961, https://doi.org/10.18280/jesa.570403.

Seyed, E. Ahmad, A. Laila, D. Majed, A. (2024) " Design and implementation of a one-seater
solar car", Journal of Sustainable Development of Energy, Water and Environment Systems,
12(1), 10-18, https://doi.org/10.13044/j.sdewes.d12.0487.

Sreedevi, J. Ashwin, N. Naini, R. (2016) "A study on grid connected PV system" (2016)
National Power Systems Conference (NPSC) IEEE Xplore, 3(14), https://available:
https://doi.org/10.1109/NPSC.2016.7858870.




    E  p


    E  K =     264   W h  0 . 65 = 406 . 15   W h


    406 . 15   W h  6 . 2   h =   65 . 50 W


  ≅

