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The power consumption is at its peak at noon, which 

implies there is a greater risk of producing higher magnitudes 

of unused power, since irradiation is available in surplus. At 

10 kW, 63.89 percent of the nominal power of the 

electrolyzer is the average power consumed by the device. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 8. Energy production (a) and loss (b) of the system 

Fig. 8 can be used to evaluate the energy of the PV system 

to infer that the unused energy is about 0.006 percent of the 

produced amount, which can be ignored. This implies that the 

energy lost by the optimal system is quite low, essentially 

signifying that the PV production is in its most efficient mode 

yet. Other possible ways of energy production and 

consumption in the PV-electrolyzer environment such as 

thermal power have not been considered in this study. 

Instead, the produced energy is entirely credited to the 

electrical energy. 

Fig. 9 displays the hydrogen production rate and pressure. 

For an operating time, the average rate of hydrogen 

production is 0.176 mol/s, while it is 0.0088 mol/s for a 

period of 24 hours. Cumulative production of hydrogen at the 

end of the day is 5322.9 mol wherein the pressure in the 

storage tank varies from 3.59 through 6.31 MPa. The 

hydrogen tank is changed in a daily manner. A comparative 

simulation of the PV-electrolyzer system operation in both 

directly coupled and MPP modes is illustrated in Fig. 10, 

from which their close proximity to each other in both voltage 

and power outputs is quite evident. 

The affordability of the proposed system over the 

traditional power electronic systems used for hydrogen 

production can be observed from the fact that the average 

voltage of the directly coupled system is just 3.81 V lower 

than that in the MPP mode. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9. Hydrogen production rate of the electrolyzer (a) and hydrogen storage 

pressure of tank (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Voltage (a) and power production (b) of photovoltaic array in 
directly coupled system and with MPPT 
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Table II shows the average system specifications for the 

one week period of evaluation under conditions when there is 

significant irradiation available. This ensures that the system 

is rendered capable of standing for a comparison with other 

power production methods like the power sources of the 

electrolyzer. 

As can be observed from the results, for the one week 

duration, the average amount of hydrogen generated is 

momentously lower than the operating time duration. 

TABLE IV 
AVERAGE SPECIFICATIONS OF THE SYSTEM IN 24 HOURS PERIOD AND IN 

BRIGHT HOURS WHEN THERE IS IRRADIATION 

 24 hour-period Bright hours 

Average Faraday Efficiency 41.80 Percent 83.03 Percent 

Average Power consumption of 
electrolyzer 

3.42 kW 6.38 kW 

Average hydrogen production rate 0.0088 mol/s 0.0176 mol/s 

Average current 89.48 A 177.94 A 

Average Voltage 16.08 V 34.68 V 

Average Power loss 0.131 kW 0.434 kW 

Provided in Table V is a comprehensive validation of the 

concerned study by comparing the results of the proposed 

system with two other similar systems. While the first study 

investigated an optimal direct coupling of the PV-hydrogen 

system with a PEM electrolyzer [27], the second study 

focused more on the reduction of the energy transfer loss 

using PSO [18]. 

TABLE V 
COMPARISON OF THE OPERATION OF THE PROPOSED SYSTEM WITH REF [27]. 

 Proposed Study [27] [18] 

Electrolyzer Advanced Alkaline 
Electrolyzer 

PEM 
Electrolyzer 

PEM 
Electrolyzer 

Connection 
mode 

Directly coupled Directly 
coupled 

Directly 
Coupled 

Objective Maximize 
hydrogen, minimize 
excess energy 
production, 
minimize energy 
transfer loss, and 
optimize operating 
temperature 

Minimize the 
energy loss 

Minimize the 
energy transfer 
loss 

Optimization 
method 

Two level Genetic 
Algorithm  

- PSO 

Energy Transfer 97.5 % 94% 97.8% 

Energy loss 6.3% 5.82 % - 

The optimization in the former was targeted towards 

minimizing the energy loss, compounding the observations 

with a global search between the different possible 

combinations to find the best result without employing any 

optimization in the first place, owing to the number of 

electrolyzers and panels. 

While energy transfer is the difference of the actually 

delivered energy from the theoretical maximum deliverable 

energy, the total energy loss is the difference between the 

produced and the delivered power. For both of these aspects, 

the proposed PV-electrolyzer system delivers better results. 

As mentioned before, the second study is centered on the 

reduction of the energy transfer loss using PSO. However, it 

falls short in that the system thus developed might not 

necessarily function at its optimal point for generating 

maximum hydrogen. However, the system propositioned in 

this paper ensures hydrogen production optimization, along 

with minimized energy loss and overall efficiency 

enhancement, which is the most crucial factor for the best 

performance of the system, despite the energy transfer loss 

optimization being relatively lower. 

IV.   CONCLUSION 

This paper presented and discussed in detail the operations 

of directly coupled PV-electrolyzer system besides justifying 

its advantages over the contemporary power electronics based 

counterparts through profound simulative analysis for a 

period of one week on real-world, actual meteorological data 

collected from the local utility for the city of Miami. In 

comparison with those operating at MPP tracking modes, this 

system has just 2.43 percent power transfer loss. The system’s 

efficiency was demonstrated through the U-I characteristics 

which fared better over those of the existing systems. A two-

fold GA based optimization enabled the use of optimal per 

iteration temperature for the system, thus enabling the system 

to get as close to the PV’s MPP as possible. While it was 

observed that the optimal sizing of the system for generating 

maximum hydrogen of 5322 mol is accompanied by an 

average power loss of 434 kW for 12.4 kW PV system, an 

operating temperature of 73 
o
C complements the optimally 

sized system by aiding for higher efficiency with a final 

pressure of 6.31 MPa. Owing to the use of multi-level 

optimization and a generalized optimization objective 

function, a significant improvement of the proposed system is 

observed. For an optimal dimension, the system is found to 

operate efficiently without requiring power electronics-based 

devices making it more economically viable. A system is 

envisioned to be proposed as a future work, where actual 

operating temperature of the system along with optimized 

cooling system could be added to the design process for 

providing a result which is more precise. 
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