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The purpose of this research was to determine the

effectiveness of electrolyzers implemented within

a load-managing PV system. The electrolyzers

replace the initial system’s test resistors, which

have shown power efficiency of up to 99%, and

create a real application by generating sustainable

hydrogen gas. The electrolyzer’s electrical model

shows that load management for electrolyzers is

effective for approximating the maximum power

along the daily irradiances. Four stacks of 15

electrolytic cells were physically modeled by an

assortment of diodes with the load-managing

control algorithm and a solar panel to confirm the

viability of the electrolyzer application.

▪ MPPT and DC-DC converters are used to keep

PV systems at optimal power efficiency, but

create their own power losses

▪ Load managing PV system uses multiple loads

that can be switched on or off to reach

maximum power efficiency (Fig 1)

▪ Electrolysis uses current to produce hydrogen

gas, and electrolyzers require a minimum

threshold voltage to begin producing hydrogen

▪ Use electrolyzer cell model from Nel Hydrogen

data to match electrolyzer stacks to the output

of the solar panel module

▪ Purchase diodes to match the electrolyzer

model and use as the system’s physical model

▪ Find the diodes’ IV curves to best match the

electrolyzer model in the physical stack

▪ Check the model’s accuracy to the electrical

model to verify validity of experiment

▪ 6.2V and 11V (both 50W) Zener diodes were

used to physically model the electrolyzer stacks

▪ Physical stack model uses 2 6.2V diodes and an

11V diode with a 3 Ω resistor for each stack

▪ Diode stacks have an average Zener voltage of

24.4V at 2.3 A and 0.68 Ω (w/o 3 Ω resistor)

▪ Solar panel specs:

𝑉𝑚𝑝 = 31.74 V 𝐼𝑚𝑝 = 9.13 A

▪ Electroylzer cell specs:

𝑉𝑡ℎ , 𝑉𝑛𝑜𝑚 = 1.556 V, 2 V
𝑅𝐽 = 0.2138 Ω-cm2

▪ Elected Stack Model (Fig 4):

4 stacks,  15 cells,  Cell area = 1.15 cm2

𝑉𝑡ℎ = 23.34 V 𝑅 = 3.67 Ω

▪ Physical Model: 95.2% Accuracy

▪ Use the diode stacks to physically test the

load-managing system design and compare

the results with the models

▪ Test the design with different number of

stacks and different threshold voltages to see

how the system output changes

▪ Expand the model to larger systems for

demonstration and possible testing

Yingli Solar      Joseph A. Azzolini Nel Hydrogen 

Lewis Ricci      William Parquette Mao-Feng Tseng

Fig 4. Plot of a single 15 cell stack current versus 

voltage model with ideal operating region highlighted

Fig 1.  Simplified Visualization of Load-Managing 

PV system with Electrolyzers
Fig 5. Plot of power consumption versus voltage for 

up to 4 diode stacks connected in parallel

Fig 3.  Example IV curve of a 6.2V Zener diode used 

to obtain the Zener voltage and resistance
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The diodes have similar IV curves to those of

electrolyzers, and the generated model allows

the use of diodes with small resistors to

physically test the load managing system

without electrolyzers. With data of electrolytic

cells, a model stack design was created to best

match the output of a solar panel, and diodes

were used to create physical models of the

stacks. To get the most accurate physical

model, each diode was tested for its IV curve,

and the Zener values were matched to produce

stacks close to the threshold voltage with the

least variability. The final model produced a

high accuracy of 95.2%, showing the validity

of the experiment using diodes. The power

consumption of a varying number of connected

loads suggests that load-management can be

used to optimize the power supplied for

electrolyzers because the maximum power

point will be closer to different load lines at

different irradiances. The system will be able

to switch the number of loads in response to the

varying irradiance to approximate the

maximum power with a proper PV array.

Fig 2.  Zener diodes were used to model electrolyzers, 

and their IV curves were experimentally obtained.


