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Appendix:  

Coupling of Solar Cells and Electrolysis Cells 

Consider a battery of series-connected solar cells (SCs), of number SCN , each of 

which has an area of SCA parallel connected to a battery of series-connected 

electrolyzers, of number ELCN , each of which has anode and cathode of equal area of 

ELA . The voltage of the solar cell SCU  is related to its current density SCj  according 

to the current-voltage characteristic. 

 ( )SC SC SCU U j=  (1) 

The simpler form of such a relation is the well-known p-n photodiode equation 

[APP-1] 
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where PHj , 0j , m, e , Bk , and T are the short-circuit photocurrent, reverse saturation 

dark current, diode ideality factor, proton charge, Boltzmann constant, and absolute 

temperature, respectively. 

The voltage of the electrolysis cell ELCU  is related to its current density ELCj  

according to the current-voltage characteristic.  

 ( )ELC ELC SCU U j=  (3) 

For simplicity’s sake both cathode and anode are supposed to be of the same area. 

SCU  is defined from the equilibrium cell voltage SCU , the anodic and cathodic 

overvoltages an| |h  and ca| |h  and the ohmic overpotential (drop) | |Wh , all functions 

of SCj : 

 ( ) | | | | | |ELC ELC eq an caU U Wh h h= + + +  (4) 
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If Tafel’s law is considered for an| |h  and ca| |h  [APP-2] and Ohm’s law for 

Ω| |h ,  
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where a an , ca  and an , ca are and are the Tafel intercepts and slopes, and Ω  

is the cell resistance per unit electrode area, ELCU  is expressed, within the current 

range of Tafel’s law applicability [APP-2], as 

 ELC ELC( ) an ca an ca ELC ELC[ ( )] ( )eqU U j jW = + + + + +    (6) 

The total voltage of the SC battery is equal to the total voltage of the ELC battery: 

 SC SC ELC ELCN U N U=  (7) 

The current across each SC is equal to that across each ELC: 

 MPP
SC ELCI I=  (8) 

or equivalently, since I and j are linked as 

 SC SC SC

ELC ELC ELC

I j A

I j A

=
=

 (9) 

it is                

 MPP
SC SC ELC ELCj A j A=  (10) 

By specifying SCN , SCA , and ELCN , as well as, as previously mentioned, by 

stipulating that the SC operate at the maximum power point, the solution, in Eqs. (6), 

(7) and (9), gives ELCA , ELCU  and ELCj .  

Firstly, Eq. (7) gives ELCU . Several values of ELCN  may be possible. In principle, 

should be chosen so that ELCU  has a value of the desired order of magnitude (e.g. 

102-103 Am-2). Subsequently, ELCj  is determined from the current density vs. voltage 
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electrochemical cell characteristic according to Eq. (6). Finally, Eq. (7) gives the 

necessary cell area ELCA . There a compromise between selecting a lower and higher 

ELCU  for a specified number of series-connected SCs. In the former case, the 

overpotential and ohmic losses will be lower. In the latter case, the larger current will 

necessitate a lower ELCA  as well as lower ELCN . Therefore the cell construction cost 

will be lower. 

Assuming 100 % Faradaic efficiency, the energy storage efficiency is 

 ELC ELC ELC
ST

SC SC light

η
N j U

N A P
=  (11) 

where is the lightP  is the irradiance (incident power per unit surface and time). In 

addition to the conversion of solar energy to stored chemical energy, there is a 

possibility of simultaneous conversion of solar energy to electricity and stored 

chemical energy, e.g. by considering the coupling an ohmic resistor in series to the 

electrolysis cell. An example could be the case of combining two solar cells, each of 

them giving 1.3V at the maximum power point with a water electrolysis cell operating 

at around 1.7 V at 100-1000 A m-2. The combining voltage of 2.6 V will be too high 

for electrolysis, with very vigorous gas evolution and excessive heat generation. One 

possibility is to connect an additional load in series, so that only part of the two-cell 

voltage is converted to the chemical energy of water decomposition. 

Space-Charge-Layer 

The space-charge layer SCL should not be confused with the Debye length DL  

[APP-3][APP-4], see the detailed analysis below. 

Debye Length: 
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