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Abstract. The world has begun to move towards searching for the best ways and means to be able 
to produce hydrogen gas in a healthy and environmentally friendly manner. Especially after 
manufacturing cars that run on hydrogen, many home appliances in the future would operate using 
hydrogen.  This research paper aims to provide a detailed study and comparison for the potential 
of photovoltaic energy and wind energy in hydrogen gas production using electrolyzes technology 
for home applications.  In this study, a mathematical model is proposed to predict hydrogen 
production by means of the two renewable energy sources.  Furthermore, the mathematical model 
computes the electrical energy produced from the fuel cells using the produced hydrogen gas and 
evaluate its levelized cost.  The study was conducted based on the technical specifications based 
on Jordanian codes and conditions. Results showed that photovoltaic energy system is the best 
solution compared to other proposed systems which can produce 30,140.5252 kg of hydrogen and 
produce 1,264,551 kWh/year with the lowest hydrogen levelized cost of 13.262 $/kg. 
Introduction 
Green hydrogen, a clean energy carrier, is crucial to decarbonization, but its cost is currently 
high[1]. This is mainly due to the cost of electrolyzers, which split water into hydrogen and oxygen 
[2]. However, electrolyzer costs are expected to decline significantly in the coming years, making 
green hydrogen more competitive[2]. Innovation is one of the key factors in reducing electrolyzer 
costs. This includes developing cheaper electrodes and catalyst materials, and increasing 
production volumes [2]. By 2030, green hydrogen could be cost-competitive with blue hydrogen 
in many countries [3]. Another important consideration is the use of renewable energy sources 
specifically for hydrogen production [4]. This would help reduce the overall cost of green 
hydrogen. Other challenges include taking into account weather fluctuations and hourly electricity 
consumption in the system design [5].As well as assessing the environmental impact of the entire 
production chain, not just the electrolyzers [6]. In addition to incorporating energy storage to 
manage intermittent renewable energy sources [7]. Research is ongoing to address these challenges 
and further reduce the cost of green hydrogen. This includes optimizing system design, developing 
advanced energy storage solutions, and making realistic comparisons of solar and wind energy for 
hydrogen production [8], [9].  

Green hydrogen has the potential to play a major role in decarbonizing the energy sector. 
Continued research and development efforts are essential to make this a reality. The success of 
this technology highly depends on the hydrogen production cost per one kilogram [10]. The main 
idea of this study is to make a real comparison between solar energy and wind energy in hydrogen 
production and its cost based on Jordanian conditions and policies. The study is done by using 
mathematical models and using Homer program. This study aims to give a valuable insight that 
helps policymakers in decision making for selecting and implementing the optimal renewable 
hydrogen powered home[11]. 
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Methodology 
Based on what was mentioned, mathematical calculations and simulations of two different systems 
will be performed. The first system will be hydrogen production through photovoltaic panels. The 
second system is hydrogen production through wind turbines. 

 
1) electrical load estimation 
Electricity consumption bills for 12 months are used to determine the load of a single house. The 
energy consumption of different appliances and their operating hours are proposed in table 1. 
The total annual home energy consumption for a single house in Jordan is calculated using 
equation 1.  

Table 1 Annual Electricity Consumption for the Electrical Appliances` 

DATA Summe
r Hours 

Winte
r 

Hours 

Unit
s 

Ratin
g (W) 

Summer  
Consum- 
ption/da

y 

Winter  
Consum- 
ption/day 

Annual Energy 
Consumption 

(kWh) 

Small LED 
Spots 3 5 15 11.5 0.52 0.86 251.9 

LED Smart 
TV 5 5 2 150 1.5 1.5 547.5 

Air 
Conditioner 2 1 1 3000 6 3 1642.5 

LED Bulbs 3 5 40 15 1.8 3 876 
Phone 

Charger 3 3 5 25 0.38 0.38 136.9 

Laptop 
Charger 5 5 5 65 1.63 1.63 593.1 

Printer 0.5 0.5 1 1.27 0 0 0.23 
Suction Fan 0.4 0.5 4 60 0.1 0.12 39.42 

Speed 
Water 
Heater 

0.1 0.4 1 5500 0.55 2.2 501.9 

Washing 
Machine 1.5 1.2 1 1500 2.25 1.8 739.1 

Fridge 6 6 2 600 7.20 7.2 2628 
Water 
Pump 0.7 0.4 1 550 0.39 0.22 110.4 

Water 
Cooler 6 6 1 5 0.03 0.03 10.9 

Water 
Heater 0 5 1 1500 0 7.50 1368.8 

Food 
Processor 0.1 0.1 1 250 0.03 0.03 9.1 

Grill 0.1 0.4 1 1400 0.14 0.56 127.8 
Water Filter 

(RO) 4 2 1 750 3.00 1.50 821.3 
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𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (𝑘𝑘𝑘𝑘/ℎ) = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 (𝑘𝑘𝑘𝑘) ∗ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 (ℎ)                                     (1) 

 
The total annual electricity consumption for each home in Jordan based on the above loads is 

estimated to be 10921 
kWh
Year
Home

, resulting in a total of 1,092,100 kWh/year for a hundred homes.  
2) hydrogen production 
The amount of hydrogen production that can satisfy the annual electricity consumption for 100 
homes can be calculated from equation 2 [12].  
 
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 (𝑘𝑘𝑘𝑘) = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (𝑘𝑘𝑘𝑘ℎ)

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 �𝑀𝑀𝑀𝑀
𝑘𝑘𝑘𝑘�∗𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (%)∗𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (%)∗ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 � 𝑀𝑀𝑀𝑀

𝑘𝑘𝑘𝑘ℎ� 
   (2)        

A solid oxide hydrogen fuel cell from Bloom energy company was chosen for this particle study, 
due to its high efficiency, fuel flexibility and low emissions.  The selected fuel cell has a high 
efficiency and electrochemical conversion of 52 % and 80% respectively. The total amount of 
hydrogen produced by the selected fuel cell to satisfy the annual electricity of 100 homes is 
calculated to be 18817.1 kg/year when using hydrogen with a heating value of 119.96 MJ/kg [13]. 
 
3) photovoltaic energy system’s design 
Photovoltaics are an important technology for generating electricity using solar energy[14]. This 
technology can be integrated in many applications such as greenhouses[15], and battery 
charging[16]. The photovoltaic system capacity highly depends on the sunny hours. Based on the 
Energy and Minerals Regulatory Commission (EMRC) in Jordan, the useful sunny hours during 
the year in Jordan is around 1540 h/year. The power needed to run a 100 house in Jordan can be 
calculated from equation 3. 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

                                                                         (3) 
To generate electricity with a capacity of 709 kW that satisfies the demand. A commercial 

photovoltaic panel Trina Vertex with a capacity of 555 W is chosen for this application. Trina is 
considered a well-known and trustable brand that is widely found in Jordanian market. A total of 
1273 panels are needed for the one hundred houses. 
The price and cost of the selected solar panels are established by the Consolidated Energy and 
Economic Engineering Company. Table 2 shows the cost of the suggested PV panels, where the 
cost of each Watt of (Trina Vertex 555W) is 0.27 $/Watt. 
 

Table 2 PV Panel Cost 

Capital Cost 
($/KW) 

Replacement 
($/KW) 

O&M 
($/Year) 

System Life 
Time 

(Years) 

Derating 
Factor 

(%) 
270 270 10 25 84.8  

 

Air Fresher 
(Suction 

Duct) 
0.2 0.2 1 200 0.04 0.04 14.6 

Drying 
Machine 0 1 1 2700 0 2.7 492.8 

Stand 
Blender 0.1 0.1 1 250 0.03 0.03 9.1 



Renewable Energy: Generation and Application - ICREGA’24 Materials Research Forum LLC 
Materials Research Proceedings 43 (2024) 36-43  https://doi.org/10.21741/9781644903216-5 
 

 
39 

For the AC side of the whole PV system SMA inverters were used with 1.5 (𝐷𝐷𝐷𝐷/𝐴𝐴𝐴𝐴) ratio to 
ensure the highest number of operating hours for the solar inverters at their maximum power point 
tracking. 

Regarding the cost of the solar inverters, SMA solar inverters are priced also by the 
Consolidated Energy and Economic Engineering Company and can be presented in table 3. 

Table 3 Solar Inverter Cost 

Capital Cost 
($/KW) 

Replacement 
($/KW) 

O&M 
($/Year) 

System Life Time 
(Years) 

174 174 5 25 
 
4) Wind energy system’s design 
The design of wind energy system higly depends on the wind speed.  According to Wind Atlas 
software the average wind speed in Amman-Jordan is 7.12 m/s. The available wind power potential 
can be calcualted using equation 4. 

Ẇ𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 0.5 ∗ 𝜌𝜌 ∗ 𝐴𝐴 ∗ 𝑉𝑉3                                                      (4) 
 

Where 𝜌𝜌 is the density of the air at specific temperature, 𝐴𝐴 is the wind turbine swept area, and  
𝑉𝑉 is the average wind speed.  

For this specific study Vestas V82-1.65 is selected. The wind turbine is manufactured by Vestas 
company with a swept area of 5281.01 m2 and power preformance presented in figure 1. 
 

 
Fig. 1 Vestas V82-1.65 Power Curve 

The selected wind turbine was priced by Al-Fujeij Wind Energy Company and summarized in 
table 4. 

Table 4 Wind Turbine Specification and Cost 

System 
Capacity 

(One Turbine) 

Hub 
Height  

(m) 

Capital Cost 
($/Turbine) 

Replacement 
($/Turbine) 

O&M 
($/Year) 

System Life 
Time 

(Years) 
1650 kW 100 1,980,000 1,980,000 20,000 20 

Results and Discussions 
Energy and economic comparison for the two proposed renewable energy systems is done using 
Homer software [11]. Various results concerning the system potential, costs, and technical 
specifications are reached and discussed. The first section delves into the results of integrating the 
system with the PV system. while the other section discusses the results of integrating the system 
with wind system. 
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1) PV system 
The PV/hydrogen proposed system consists of five main components which are the electrolyzer, 
PV, inverter, grid, and hydrogen tank. These components relate to each other as shown in figure 
2. 
 

 
Fig. 2 PV System Schematic Diagram  

The results from the mathematical models in the previous section are considered as an input for 
Homer software [11]. The main idea of these calculations is to reduce the size of the system as 
much as possible to fit the loads without creating any excess production beyond the energy-
consuming facility’s need. Important results after running the software can be summarized in table 
5. 

Table 5 Calculated PV System Output Data 

Data Unit Value 
Net Present Cost ($) 312,062 
Levelized Cost of Energy (LCOE) ($/kWh) 0.0104 
Payback Period (years) 1.49 
CO2 Emissions (kg/year) 388,581 
Renewable Fraction (%) 64.9 
Annual PV Production (KWh/year) 1,264,551 
Grid Purchases (KWh/year) 614,844 
Total Hydrogen Production (kg) 30,140.5252 
Hydrogen Produced using PV 
(Green Hydrogen) (kg) 21,788.2137 

Levelized Cost of Hydrogen ($/Kg) 13.262 
 
Table 5 represents the simulation results of the first experiment of this study, the amount of 

electrical energy produced from photovoltaic panels is considered appropriate and sufficient to 
cover the needs of electrical energy consumption in operating the electrolyzers for the purposes of 
producing green hydrogen while considering the losses during energy transmission, distribution, 
and losses inside the electrolyzers. 
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2) Wind Turbines 
The wind/hydrogen proposed system consists of five main components which are the electrolyzer, 
wind turbine, inverter, grid, and hydrogen tank. These components relate to each other as shown 
in figure 3. 

 
Fig. 3 Wind System Schematic Diagram 

A wind farm is suggested to be in Al-Muwaqqar area in Amman, which is known for its low 
population density. The clean energy from the farm can be used to operate the electrolyzers to 
produce green hydrogen. The technical specifications and costs of the wind turbines mentioned in 
previous sections are also considered as an input for Homer software [11]. Different results are 
obtained and can be presented in table 6. 

Table 6 Monthly Electric Production for the Wind System 

Data Unit Value 
Net Present Cost ($) 984,785,100 
Levelized Cost of Energy (LCOE) ($/kWh) 0.1379 
Payback Period (years) 1.94 
CO2 Emissions (kg/year) 63,533 
Renewable Fraction (%) 100  
Annual Wind Production (KWh/year) 552,150,642 
Grid Purchases (KWh/year) 100,527 
Total Hydrogen Production (kg) 9,515,287.625 
Hydrogen Produced using Wind 
(Green Hydrogen) (kg) 9,513,555.562 

Levelized Cost of Hydrogen ($/Kg) 26.7368 
 
It is noted from table 6 that the option of using wind turbines is considered very expensive in 

terms of the initial cost. Moreover, wind turbines located in Jordanian capital is not considered a 
good 

Approach, as the wind speed inside the region does not exceed 10 m/s which is considered low 
compared to other locations. The turbine will not reach its natural production capacity. The high 
cost of producing electricity also leads to a significant increase in the cost of hydrogen. 

In terms of levelized cost and hydrogen production the PV/hydrogen system is considered a 
better option compared to wind/Hydrogen system, where the levelized cost of the first system is 
13.5 $/ kg less than of that of wind/hydrogen system. 
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Conclusion 
A techno-economic investigation for hydrogen powered homes in Amman-Jordan based on solar 
energy and wind energy is presented in this study. The study utilizes mathematical models and 
Homer software to explore electricity, hydrogen production, and evaluate hydrogen levelized cost. 
The study is conducted based on Jordanian technical specifications and conditions. Based on the 
results it is concluded that PV integrated with hydrogen system is a better option than wind turbine 
integrated with hydrogen system. This is due to the ability of the system to meet the electrical load 
correctly without causing any disturbances in the network, while also producing 30,140.5252 kg 
of hydrogen at a low hydrogen levelized cost and payback period of 13.262 $/kg and 1.49 years 
respectively. The CO2 emitted from the PV/hydrogen system is considered greater than from Wind 
turbine/ hydrogen system which was 63,533 kg/year. This high amount of CO2 emissions is due to 
the electricity purchase from the grid. 
References 
[1] M. T. Muñoz Díaz, H. Chávez Oróstica, and J. Guajardo, “Economic Analysis: Green 
Hydrogen Production Systems,” Processes, vol. 11, no. 5, p. 1390, May 2023. 
https://doi.org/10.3390/pr11051390 
[2] O. Schmidt, A. Gambhir, I. Staffell, A. Hawkes, J. Nelson, and S. Few, “Future cost and 
performance of water electrolysis: An expert elicitation study,” Int. J. Hydrogen Energy, vol. 42, 
no. 52, pp. 30470–30492, Dec. 2017. https://doi.org/10.1016/j.ijhydene.2017.10.045 
[3] M. Shahabuddin, M. A. Rhamdhani, and G. A. Brooks, “Technoeconomic Analysis for 
Green Hydrogen in Terms of Production, Compression, Transportation and Storage Considering 
the Australian Perspective,” Processes, vol. 11, no. 7, p. 2196, Jul. 2023. 
https://doi.org/10.3390/pr11072196 
[4] M. S. Herdem et al., “A brief overview of solar and wind-based green hydrogen production 
systems: Trends and standardization,” Int. J. Hydrogen Energy, vol. 51, pp. 340–353, Jan. 2024. 
https://doi.org/10.1016/j.ijhydene.2023.05.172 
[5] I. Ourya, N. Nabil, S. Abderafi, N. Boutammachte, and S. Rachidi, “Assessment of green 
hydrogen production in Morocco, using hybrid renewable sources (PV and wind),” Int. J. 
Hydrogen Energy, vol. 48, no. 96, pp. 37428–37442, Dec. 2023. 
https://doi.org/10.1016/j.ijhydene.2022.12.362 
[6] L. B. B. Maciel, L. Viola, W. de Queiróz Lamas, and J. L. Silveira, “Environmental studies 
of green hydrogen production by electrolytic process: A comparison of the use of electricity from 
solar PV, wind energy, and hydroelectric plants,” Int. J. Hydrogen Energy, vol. 48, no. 93, pp. 
36584–36604, Dec. 2023. https://doi.org/10.1016/j.ijhydene.2023.05.334 
[7] L. Al-Ghussain, A. D. Ahmad, A. M. Abubaker, K. Hovi, M. A. Hassan, and A. Annuk, 
“Techno-economic feasibility of hybrid PV/wind/battery/thermal storage trigeneration system: 
Toward 100% energy independency and green hydrogen production,” Energy Reports, vol. 9, pp. 
752–772, Dec. 2023. https://doi.org/10.1016/j.egyr.2022.12.034 
[8] Y. Ren et al., “Modelling and capacity allocation optimization of a combined pumped 
storage/wind/photovoltaic/hydrogen production system based on the consumption of surplus 
wind and photovoltaics and reduction of hydrogen production cost,” Energy Convers. Manag., 
vol. 296, p. 117662, Nov. 2023. https://doi.org/10.1016/j.enconman.2023.117662 
[9] M. Nasser and H. Hassan, “Thermo-economic performance maps of green hydrogen 
production via water electrolysis powered by ranges of solar and wind energies,” Sustain. Energy 
Technol. Assessments, vol. 60, p. 103424, Dec. 2023. https://doi.org/10.1016/j.seta.2023.103424 



Renewable Energy: Generation and Application - ICREGA’24 Materials Research Forum LLC 
Materials Research Proceedings 43 (2024) 36-43  https://doi.org/10.21741/9781644903216-5 
 

 
43 

[10] O. A. Dabar, M. O. Awaleh, M. M. Waberi, and A.-B. I. Adan, “Wind resource assessment 
and techno-economic analysis of wind energy and green hydrogen production in the Republic of 
Djibouti,” Energy Reports, vol. 8, pp. 8996–9016, Nov. 2022. 
https://doi.org/10.1016/j.egyr.2022.07.013 
[11] HOMER Pro, “Microgrid Software for Designing Optimized Hybrid Microgrids n.d.” 
https://homerenergy.com/products/pro/index.html 
[12] K. W. Harrison, R. Remick, G. D. Martin, and A. Hoskin, “Hydrogen Production: 
Fundamentals and Cas Study Summaries e Preprint,” 2010. [Online]. Available: 
http://www.osti.gov/bridge 
[13] The Hydrogen Economy. Washington, D.C.: National Academies Press, 2004. 
https://doi.org/10.17226/10922 
[14] A. Al Miaari and H. M. Ali, “Technical method in passive cooling for photovoltaic panels 
using phase change material,” Case Stud. Therm. Eng., vol. 49, p. 103283, Sep. 2023. 
https://doi.org/10.1016/j.csite.2023.103283 
[15] A. Al Miaari, A. El Khatib, and H. M. Ali, “Design and thermal performance of an 
innovative greenhouse,” Sustain. Energy Technol. Assessments, vol. 57, p. 103285, Jun. 2023. 
https://doi.org/10.1016/j.seta.2023.103285 
[16] A. Al Miaari and H. M. Ali, “Batteries temperature prediction and thermal management 
using machine learning: An overview,” Energy Reports, vol. 10, pp. 2277–2305, Nov. 2023. 
https://doi.org/10.1016/j.egyr.2023.08.043 

 


	Techno-economic comparison between PV and wind to  produce green hydrogen in Jordan
	Introduction
	Methodology
	Results and Discussions
	Conclusion
	References


