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ABSTRACT 

The liquid-junction photovoltaic cell is an electrochemical system with 

one or two semiconducting electrodes. This system provides a means of 

converting solar energy to chemical or electrical energy. A one-dimensional 

mathematical modei of the liquid-junction photovoltaic cell has been 

developed. The one-dimensional model of the liquid-junction cell was 

coupled with primary resistance calculations to predict the optimal 

performance of three cell configur'ations. Two cells are considered in which 

the semiconductor is illuminated from the electrolyte side and one in which 

the semiconductor is illuminated from the current-collector side. An 

economic analysis is presented based upon these results. The performance 

of the liquid-junction photovoltaic cell is dependent upon the design. 

surface area. and placement of the counterelectrode and current collectors. 

Key words; Sert"iconduct.or, Soiar, 2:lergy Conversio:l, '::conort"ics. 
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Most studies of the liquid-junction photovoltaic cell have been oriented 

toward developing an understanding of the semiconducting eLectrode which 

characterizes the cell (see, e.g., references 1-19). This work describes the 

design and optimization of liquid-junction photovoltaic devices. The 

advantages and problems inherent in the liquid-junction cell are reviewed, 

and a mathematical model of the liquid-junction ceU20.21 is used to predict 

the optimal performance of various ceLL configurations. An economic 

analysis is presented based upon these results. 

1. INTRODUCTION 

The liquid-junction photovoltaic cell has appeal because, in contrast to 

solid-state junctions, the junction between electrolyte and semiconductor is 

formed easily and allows use of polycrystalline semiconductors. The 

electrochemical nature of the cell allows both production of electricity and 

generation of chemical products which can be separated, stored, and 

recombined to recover the stored energy. These features could make the 

liquid-junction cell an economical alternative to solid-slate photovoltaic 

devices for solar energy (';onversion. 

Liquid-junction cells also have the advantages that are attributed Lo 

other photovoltaic devices. Pholovoltaic power plants can provide local 

generation of power on a small scale. The efficiency and cost of solar cells is 

independent of scale. and overall efficiency is improved by locating the 

power plant next to the load. Nuclear and fossil-fuel burning plants. in 

contrast. are economical only if built on a large scale (on the order of 1000 

megawatts).22 

The deslgn of a liquid-junction photovoltaic cell requires selection of an 

appropriate semiconductor-eLectroLyte combination and design of an 
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etf.cient cell configuration. The seleclion of a semiconductor is based upon 

the band gap, which provides an upper limit to the conversi.on efficiency of 

the device. and the choice of electrolyte is governed by the need to limit 

corrosion. The optimal design of the liquid-junction photovoltaic cell is 

aided by use of mathematical models. 

1.1. Band Gap 

Photovoltaic cells rely on the unique properties of semiconductors to 

convert incident radiation to electrical current. The semiconductor 

property of interest is the moderate gap between the valence and the 

conduction-band energy levels. Incident photons of light with energy 

greater than or equal to the band-gap energy transfer their energy to 

valence-band electrons, producing conduction-band electrons and 

vacancies in the valence band. 

An upper limit to the efficiency of photovoltaic devices can be 

established. based upon the band gap and the solar spectrum, without 

consideration of cell configuration. This "ultimate efflciency" is given byll 

17uu = 

.... 
Eg J N(E) d.E 

" ~'1 

J E N(E) d.E 
a 

(1) 

where Eg is the semiconductor band-gap energy, E is the photon energy, 

and N(E) is the number density of incident photons with energy E. The 

fraction of the power in the solar spectrum that can be converted to 

electrical power is a function of the band gap of the semiconductor. 

Photons with energy less than the band gap cannot produce electron-hole 

pairs. Photons with energy greater than the band gap yield the band gap 

energy. :23-:25 
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The "ultimate efficiency" of Equation (1) represents an upper limit to 

conversion of solar energy;11.26.27 factors such as refiection and absorption 

losses of sunlight, kinetic and mass transfer limitations, and recombination 

. will reduce the efficiency. These effects are included in section 2.2. A band , 

gap between 1.0 and 1.5 eV is generally considered to be appropriate for. 

efficient conversion of solar energy 

1.2. Corrosion 

The application of liquid-junction technology to photovoltaic power 

conversion is limited by problems associated· with lhe semiconductor-

electrolyte interface. Primary among these problems is corrosion. Efficient 

conversion of solar energy requires a band gap between 1.0 and 1.5 eV, and 

most semiconductors near this band gap corrode readily under illumination. 

Semiconductors with large band-gaps (4 to 5 eV) tend to be more stable but 

cannot convert most of the solar spectrum. 

Among the approaches taken to solve this problem, the most successful 

concern lhe matching of an electrolyte to the semiconductor. The rate of 

corrosion is reduced if the semiconductor is in equilibrium with the 

corrosion products. The rale of corrosion can also be reduced by using a 

redox couple which oxidizes easily. The oxidation of the redox couple 

Se;;\1 Se;-, for example. has been shown to compete successfully with 

photocorrosion reactions for holes in n-type GaAs electrodes.8.2B 

P-type semiconductors used as cathodes are more stable than the more 

common and generally more efficient n-type semiconducting anodes. The 

inefficiency of p-type photocathodes has been attributed to the presence of 

surface states near lhe valence band energy. A stable p-type photocathode 

has been developed, however. with a solar conversion efficiency of 11.5 



percent.29 Protective films have been proposed to be a solution to eleclrode 

corrosion. The electrode, in this case, would be a small band-gap 

semiconductor covered by a film composed of either a more stable large 

band-gap semiconductor, a conductive polymer, or a metal. A large 

Schottky barrier is frequently present at such semiconductor-metal and 

semiconductor-semiconductor interfaces which blocks lhe flux of holes from 

lhe semiconduclor to the electrolyte. In cases where the photocurrent is 

not blocked, corrosion can take place belween the semiconductor and lhe 

protective film. 17.30 Menezes et aL. 31 discuss the difficulties in avoiding 

absorptive losses in the metal film while maintaining sufficient integnty to 

serve the semiconductor corrosion protection function. Frese et al. 32 have, 

however, reported a measurable improvement in the stability of GaAs with 

less than a monolayer gold metal coverage. Thin conductive poly-pyrrole 

films appear to be successful in inhibiting corrosion in some electrolytes. 33-

38 In addition, insulating polymer tUms deposited on grain boundaries can 

improve the performance of polycryslalline semiconductors by reducing 

surface recombination rate s. 39 

1.3. Mathematical Model 

Development of a mathematical model constilutes dn important slep 

toward design and optimization of the liquid-junction photovoltdic cell. A 

one-dimensional mathematical model has been developed20.21 which treats 

explicitly the semiconduclor, the electrolyte. and the semiconductor­

electrolyte interface in terms of potentials and concentrations of charged 

species. The model incorporales macroscopic transport equations in the 

bulk of the semiconductor and electrolyte. Homogeneous and 

heterogeneous recombination of electron-hole pairs is included within the 
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modeL. Recombination takes place at the semiconductor-electrolyte 

interface through interfacial sites, which can enhance the recombination 

rate. Surface sites at the semiconductor-metal interface were not included 

within the model. 

The coupled nonlinear ordinary differen tial equations of the model were 

posed in finite-difference form and solved numerically. The mathematical 

model can be used to gain insight into the operation of cells with 

semiconducting electrodes, and to optimize their design. The model was 

used here to calculate the effect of cell design on the performance of an n­

type GaAs semiconducting anode in contact with an 0.8 M K2Se. 0.1 M K2Se2, 

1.0 M KOH electrolytic solution. The choice of this semiconducting electrode 

system was based upon the work of Heller and associates.a.4c-42 CeU design 

parameters are presented in Table 1, and the parameters used in modeling 

the liquid-junction ceU are presented elesewhere. 20 .43 

• 
2. CELL CONF1GURATION 

The optimal design of liquid-junction photovoltaic ce Us shares 

constraints with solid-state photovoltaic cells. -W.4:5 Current collectors cast 

Table 1. Counterelectrode Parameters 

Diffusion-Limited Current Density 

Exchange Current Density 

i 3 .Lim 

i 4 .tim 

20.0 mA/cm2 

80.0 mA/cm2 

100.0 mA/cm2 
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shadows and can reduce the amount of sunlight absorbed in the 

semiconductor. 

of 

A constraint unique to the liquid-junction cell is the 

the counterelectrode relative to the semiconductor-placement 

electrolyte interface. Mass-transfer and kinetic limitations at the 

counterelectrode and resistance of the electrolyte can play important roles 

in the optimal design of the liquid-junction photovoltaic celL These 

considerations are treated qualitatively by Parkinson.46 

Under electrolyte-side illumination and without illumination losses. 

interfacial kinetic limitations. electrolyte resistance. and counterelectrode 

limitations. the maximum power efficiency of the cell was calculated43 to be 

15.3 percent. The corresponding value under back (or current-collector) 

side illumination was calculated43 to be 17.2 percent. These are the values 

that one might calculate using a potential drop measured between the 

semiconductor electrode and a reference electrode reversible to the redox 

reaction and located just outside the ditTusion region. The resistance of the 

electrolyte. illumination losses. and mass-transfer and kinetic limitations at 

the counterelectrode atTect these values and are inftuenced by cell design. 

The ditTerence between front and back illumination is due to the assumption 

that facilitated recombination does not take place at the semiconductor­

current collector inlerface. 

The performance of three cell configurations was calculated for 

operation under AM-2 solar illumination (882 W /m2 ). The semiconductor was 

assumed to be in the form of a thin tUm (see \Htchell for a review of thin-tUm 

pholovoltaic technologies47). Inlerfacial kinetic limilations were nol 

included. 20,43 The one-dimensional model of the liquid-junction cell was 

coupled wilh the resislance to current ftO\V associated with the two-
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dimensional systems. Some methods for calcuLation of this resistance were 

reviewed by Fleck et al. 48 

2.1. System 1: TIre Counterelectrode 

The liquid-junction photovoltaic cell with a wire-grid counterelectrode 

is presented in Figure la. The cell consists of a semiconductive film 

supported on a metallic current collector, a wire-grid counterelectrode, and 

a transparent glass cover plate. The space between the cover plate and the 

semiconductor is filled with the electrolyte. The glass plate is an essential 

part of the· cell because it keeps the system clean and allows optimal 

orientation of the ceH for collection of sunlight.· This cell is designed for 

conversion of solar energy into electrical energy; no provision is made for 

separation of chemical producls. A two-dimensional representation of the 

cell is presented in Figure lb. 

Sunlight absorbed in the semiconductor must pass through the cover 

plate, past the counterelectrode, and through the electrolyte. Reflection at 

each of the interfaces (air-glass. glass-electrolyte. and electrolyte­

semiconductor), absorption in the glass and electroLyte. and screening by 

the counterelectrode decrease the amount of light which can be used for 

generation of electron-hole pairs. Absorption losses in the electrolyte can 

be limited by maintaining a small gap between the counterelectrode and the 

semiconductor. A wide spacing of counterelectrode elements reduces the 

screening of the semiconductor but also increases the influence of kinetic 

and mass-transfer effects at the counterelectrode as well as ohmic drop. 

The one-dimensional model of the Liquid-junction photovoltaic cell was 

used with averaged uniform current density and solar flux. The shadow of 

the counterelectrode was implicitly assumed to be diffuse. Resistive losses 
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Figure 1. Design of the liquid-junction photovoltaic cell. 
System 1: wire counterelectrode. 
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in the electrolyte were calculated from a two-dimensional solution of 

Laplace's equation.49-53 The potential drop in the electrolyte was given by 

equation (14) in reference 53. The current density at the countereleclrode 

was assumed to be uniform and was related to the semiconductor current 

density by 

L 
iCB = 'isc (--) , 

TiD 
(2) 

and the counterelectrode shadow was assumed to reduce the magnitude of 

incident light by a factor of (l-DI L). The effective solar flux was therefore 

given by 

- (1 D){l ) -{mz),t_ qsr; - qo - L - Pa.ir-gLosa P. 

(1 ) -(mz)''''''(l ) 
- PgLfJ8II--sotn e - PsoLn -sc ' 

(3) 

where Pj_" is the reflectance associated with the interface j -k and Tn is the 

extinction coefficient for a given phase of depth x. 

The design parameter for this cell design is the ratio of the 

counterelectrode element spacing to the counterelectrode element 

diameter, LI D. When LI D has a value of one. the semiconductor is 

completely shaded from illumination; when LI D is very large. 

counterelectrode limitations dominate. 

The power density of the cell with a counterelectrode radius of 0.05 cm 

is presented in Figure 2 as a function of current density with LI D as a 

parameter. The maximum power density is presented in Figure 3 as a 

function of LI D. The separation between the cover plate and the 

counterelectrode was 0.5 cm, and the separation between the 

semiconductor and the counterelectrode was 0.5 cm. The electrolyte depth 

was therefore 1.1 cm. The optimal value of LI D is 14, and the maximum 

power density obtained is 63.5 W 1m2. The current density under the optimal 
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condition is 11.8 mA/cm2 delivered at a cell potential of 538.7 mY. The 

maximum power efficiency of the wire-counterelectrode cell was 7.2 percent. 

Kinetic limitations at the counterelectrode further reduce this 

efficiency. An exchange current density of 1 rnA/cm'! leads to a 5.5 percent 

power efficiency at an optimal LI D of 10. 

2.2. System 2: Slotted Semiconductor 

The liquid-junction cell configuration with a slotted-semiconductor 

electrode is presented in Figure 4. A glass cover plate protects the cell. 

Sunlight passes through the cover plate dnd the electrolyte to illuminate 

the semiconductor surface. Electrical current passes between the 

semiconductor and the counterelectrode through slots cut in the 

semiconductor. This configuration has the advantage that no shadows are 

cast upon the semiconductor; furthermore reaction products could be 

separated if a membrane were placed between the semiconductor and the 

counterelectrode. 

The primary current distribution and the resistance of a cell containing 

a slotted electrode were calculated using numerical methods coupled with 

the Schwarz-Christoffel transformation. 2c .54 The cell resistance is a function 

of three geometric ratios. chosen to be t I G. hi G. dnd LI h where L is the 

half-length of the protruding electrode assembly. t is the thickness of the 

protruding electrode assembly. G is the half-gap between the electrode 

assemblies. and h is the separation between the electrode and the upper 

insulating wall. h is also the separation between the counterelectrode and 

the lower edge of the semiconductor-electrode assembly. 

The performance of this cell is a function of four geometric parameters. 

The distance between the counterelectrode and the semiconductor 
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assembly was chosen to be 0.5 cm. and the semiconductor assembly 

thickness was assumed to be 0.1 cm. The primary resistance for this system 

is presented in Figure 5 as a function of LI D with hi G as a parameter. The 

maximum power density is· presented in Figure 6 as a function of LI h with 

hi G as a parameter. LI h was varied by varying the half-length; hi G by 

varying the half-gap. The maximum power density for this system is 

obtained with a small gap. For hi G=0.5 (G=lcm). the maximum power 

density was 47.8 W/m2• and the maximum power efficiency was 5.4 percent. 

The current density under maximum power conditions was 15 mA/cm2 

delivered at 477.6 mY. For hi G=10 (G=0.05cm). the maximum power 

density was 67.7 W /m2 • and the maximum power efficiency was 7.7 percent. 

At maximum power the current density was 15.2 mA/cm2 delivered at 534.6 

mY. 

2.3. System 3: Back-Illuminated Semiconductor 

A cell design is presented in Figure 7 in which the semiconductor is 

illuminated from t.he current-collector side. The semiconducting film is 

deposited on a pane of transparent conducting glass. A current-collecting 

grid is used to offset the low conductivity of t.he glass. The semiconductor is 

separated from the counterclectrode by a gap fillcd with electrolyte. This 

design could be used with a membrane within the gap. which would allow 

separation of rcaction products at each of the electrodes. 

The potential drop between the semiconductor and the current­

collecting grid can be obtained through application of the general solution 

to the resistance of a rectangUlar conductor with arbitrarily placed 

electrodes presented by ~oulton.55.58 
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The transparent conducting support for the semiconducting film was 

assumed to be Sn0
2

, which is commonly used itS a transparent electrode. 

Sn0
2 

is a large band-gap semiconductor and is essentially transparent to 

light with energy below 3.7 eV. The properties of Sn02 have been reviewed 

by Jarzebski and Marton.57-59 The conductivity of the transparent material 

was assumed lo be 50 mho/ cm, and the total absorption and refiection 

losses at lhe air-Sn02 interface for a 1/8 inch thick plate were assumed to 

be 8 percent. The refiectance at the Sn0
2
-GaAs interface was assumed to be 

5 percent. The separation between the counterelectrode and the 

semiconductor was 0.5 crn. 

The maximum power density is presented in Figure 8 as a function of 

the ratio of the current-collector-element spacing to the element width 

L/ D. When L/ D is equal to one, the semiconductor is completely blocked. 

and the power density is zero. When LI D is large, the resistance of the Sn02 

becomes important. The optimal value of L/ D is around 100.; the maximum 

power density is 118.5 W/m2, and the power eif.ciency is 13.4 percent. The 

current density under optimal operating conditions is 21.0 mA/cm2 

delivered at a cell potential of 564.3 mY. 

The excellent performance of this ceil design as compared to systems 1 

and 2 can be misleading. Facilitated recombination at the semiconductor­

metal interface was not included in the model. The back-illuminated system 

does have inherent advantages over front-illuminated ceils. Optical losses, 

for example, can be smaller, and separation of electrochemical products is 

feasible. The relative rates of electron-hole recombination at the 

semiconductor-metal dnd the electrolyte-semiconductor interfaces. 

however. will influence the relative merit of front and back illumination. 
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3. INTENSITY OF ILLUMINATION 

The intensity of solar illumination varies with location. cloud cover. day 

of year. and time of day. In addition. mirrors and lenses can be used to 

concentrate the sunlight and reduce the amount of semiconducting 

material incorporated into the cell. The prediction of the performance of a 

given design of the liquid-junction photovolLaic cell must therefore consider 

the effect of the intensity of illumination. 

The maximum power efficiency is presented as a function of 

illumination intensity in Figures 9. 10. and 11 for systems 1. 2. and 3. 

respectively. The cells were designed with the design parameters calculated 

to be optimal under AM-2 illumination. The power efficiency decreases with 

increasing illumination due to the influence of electrolyte resistance and 

kinetic and mass-transfer limitations at t.he counterelectrode. These 

phenomena become increasingly important as current densities increase. 

and mass-transfer limitations at the counterelectrode result in an upper 

limit for ceil currents. 

The maximum power efficiency for systems 2 and 3 without 

counterelectrode limitations is also presented in Figures 10 and 11. These 

results are appropriate for cells with porous counLerelectrodes. A porous 

counterelectrode may not be feasible for system 1 because of the need in 

this system to pass sunlight through the counterelectrode. The efficiency 

still decreases with illumination intensity due to electrolyte resistance. 

The maximum cell current obtained under large magnitudes of 

illumination depends upon the ratio of the counterelectrode area to the 

semiconductor area. This ratio must be large for liquid-junction 

photovoltaic cells designed for large intensities of illumination. 
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Replacement of the fiat-plate counterelectrode with a porous electrodeBO 

can increase the counterelectrode area of systems 2 and 3. Inclusion of a 

cooling system in the cell design becomes important under these conditions. 

The electrolyte itself can serve as a heat exchange medium in 

photoelcctrochemical systems. 

4. DISCUSSION AND ECONOMIC ANALYSIS 

The cells discussed in the previous sections can be divided into t.wo 

groups. front and back illuminated. within which they can be compared 

fairly. The comparison of front and back illuminated cells depends upon the 

relative rates of recombination at the semiconductor-metal and 

electrolyte-semiconductor interfaces. and these rates will differ from one 

system to another. 

The calculated power efficiencies are presen ted in Table 2 for the 

front-illuminated systems. Semiconductor effects. such as recombination. 

reduce the power etliciency from a value of 37 percent. based solely upon 

band gap. to 15.3 percent. Retlection losses. with an arbitrarily chosen 90 

percent efficiency of illumination; reduce this value to 12.2 percent. This 

value can be compared to the 12 percent etf.ciency obtained in the 

experimental work of Heller and Miller.a.4o.41 The effect of cell design and 

illumination losses is to reduce the performance to 7.2 percent for system 1 

and 7.7 percent. for system 2. 

The calculated power efficiencies are presented in Table 3 for the 

back-illuminated system. Semiconductor effects reduce the power etficiency 

from a value of 37 percent. based solely upon band gap. to 17.2 percent. 

Enhanced recombination at the semiconductor-current collector interface 

was not included in these calculations. The effect of cell design and 
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Table 2. Power Efficiency under Front-Illummination 

Optimal Band Gap 

GaAs Band Gap 

Semiconductor­
Electrolyte 
Junction 

Cell Design (1) 

Cell Design (2) 

No Illumination 
Losses 

45 

37 

15.3 

10.1· 

9.8 

Illumina tion 
Losses· 

36 (80%) 

30 (80%) 

12.2 (80%) 

7.2 (55.4%) 

7.7 (71.6%) 

Experimental 
Results 

12.0 

• In some cases the number in parenthesis represents the fraction of AM-2 

illumination (above the band gap) which actually enters the semiconductor, 

after accounting for reftection, shadowing, and absorption in the 

intervening phases. In other cases, where delailed calculations were not 

made, it represents the ratio to column 1 because the nonlinear effect of 

illumination could not be assessed. 



26 

Table 3. Power Efficiency under Back-Illumination 

No Illumination Illumination 
Losses Losses • 

Optimal Band Gap 45 36 (80%) 

GaAs Band Gap 37 30 (80%) 

Current Collector and 
Semiconduc tor- Electrolyte 17.2 13.8 (80%) 
Junction 

Cell Design (3) 15.4 13.4 (86.5%) 

• In some cases the number in parenthesis represents the fraction of A.\{-2 

illumination (above the band gap) which actually enters the semiconductor. 

after accounting for refiection. shadowing. and absorption in the 

intervening phases. In other cases. where detailed calculations were not 

made. it represents the ratio to column 1 because the nonlinear effect of 

illumination could not be assessed. 

illumination losses is to reduce the power etT..ciency to 13.4 percent. 

The calculated performance could be improved by making distances 

between semiconductor and counterelectrode smaller. reducing the effect of 

electrolyte resistance. The values chosen for this analysis were based 

primarily on mechanical considerations. A spacing of 0.5 crn was used 

between all cell elements. A smaller spacing could result in shorting of 
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counterelectrode and semiconductor and/or trapping of gas bubbles. The 

influence of the counterelectrode could be reduced by increasing the flow 

rate or degree of mixing near the counterelectrode. thereby increasing the 

limiting current. Kinetic limitations at the semiconductor-electrolyte 

interface were not considered here and may greatly reduce the 

performance of some semiconductor systems. 

Current-potential curves are presented in Figure 12 for the front­

illuminated cells. The optimally designed cells of systems 1 and 2 are 

compared to the cell without interfacial kinetic limitations. 

counterelectrode lirrutations, and electrolytic resistance. The cell with a 

slotted semiconductor has a larger power etEciency than the wire-grid 

counterelectrode cell and can be designed for separation of chemical 

products. The analysis of the system designed for separation of chemical 

products would include the electrical resistance of the membrane. 

Current-potential curves are presented in Figure 13 for the back­

illuminated cell. The optimally designed cell of systems 3 is compared to the 

ceH without interfacial kinetic limitations, counterelectrode limitations, and 

electrolytic resistance. The back-illuminated design is appealing because 

chemiCal products can be separated and because of reduced losses of 

illumination. 

The following discussion of cell economics is appropriate for all 

photovoltaic devices. The allowable capital investment for the cell is given 

by 

I = 8.76 Pi1\, T'J t:J. C Ye • (15) 

where Pin is the annual incident illumination intensity averaged over 24 

hours in W 1m2 , T'J is the cell efficiency, t:J.c is the difference in selling price 
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Figure 12. Cell potential as a function of current density for 
(a) a front-illuminated semiconductor without kinetic. e1ectro1yte­
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electrode element diameter of 0.10 cm and with LID = 14; and (c) system 2 
with h/G m 10 and Llh - 0.5. . 
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and operating cost in dollars/kW-hr. and Ye is the break-even point in years. 

This equation is presented as a nomogram in Figure 14. The power output of 

the liquid-junction cell is presented in Figure 14a as a function of the 

incident solar illumination with the average efficiency of the device as a 

parameter. The incident solar illumination is averaged over a 24 hour 

period. On this basis. the average insolation of the continental United 

States is 200 to 250 W/rn2.1l Lenses or mirrors could be used to increase the 

amount of sunlight striking the semiconductor surface. The annual return 

on investment is presented in Figure 14b as a function of the power output 

with power cost as a parameter. The total initial investment is presented in 

Figure 14c as a function of the averaged annual investment with cell break­

even period as a parameter. 

Based upon a 7.7 percent power etr..ciency (averaged over 24.· hours), 250 

W 1m2 incident illumination (averaged over 24 hours). 0.05 doLlars/kW-hr 

profit. and a break-even period of 5 years. an investment of 42 dollars/m2 is 

justified for' the complete cell. Based upon a 13.4 percent power etf..ciency 

(averaged over 24 hours). an investment of 73 dollars/m2 is justified for the 

complete cell. 

An increase of solar illumination by a factor of five while reducing the 

efficiency to 6 percent (system 2 with a porous counterelectrode) yields an 

acceptable initial investment of 164 dollars/m::!. An efficiency of 10.4 

percent (system 3 with a porous counterelectrode) yields an acceptable 

initial investment of 285 dOllars/m2. If the mirrors and lenses needed to 

concentrate sunlight are cheaper than the semiconducting film. the cell 

may be most economical under high illumination. ~aintenance of a high 

efficiency under high illumination is possible only with the back-illuminated 
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Figure 14. Economic analysis of the liquid-junction photovo1taic 
cell; (a) power output as a function of the incident solar illumination 
with power efficiency as a parameter; (b) averaged annual return on 
investment as a function of the power output with power cost as a 
parameter; (c) total initial investment as a function of averaged annual 
return on investment with cell lifetime as a parameter. 
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cell of Figure 7 and the front-illuminated cell of Figure 4. both coupled with 

porous counterelectrodes. 

The values presented here can be compared to the e~timate presented 

by Weaver et a.L,61 of 0.34 dollars per peak watt. This estimate is based on 

materials cost and assumes a cell efficiency of 13 percent. Under AM-2 

illumination. this value corresponds to 39 dollars/m2, 

5. CONCLUSIONS 

The optimization of the liquid-junction photovoltaic cell depends upon 

the choice of semiconductor. electrolyte. and cell design. The system 

studied in this work, n-GaAs with a Se2 2/ Se-2 redox couple. is, close to 

optimal with respect to utilization of solar irradiation and therefore 

provides a best-case estimate of liquid-junction cell efficiency. This system. 

however. exhibits a small rate of corrosion under illumination (a few 

micrometers per year),62 

The performance of the liquid-junction photovoltaic cell is strongly 

dependent upon the design. surface area. and placement of the 

counterelectrode and current collectors. This system may be economical 

under concentrated illumination or where the power produced has high 

value. 
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