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Renewable Energy: Solar Fuels Solution

This exercise deals with assessment of solar fuels generation. In the first part, the production
of hydrogen by photoelectrochemical water-splitting is investigated. In the second part, you
use solar thermochemical route for the production of synthesis gas used in a fuel cell.

1. (a) The solar cell with the larger band gap will be on top.
(b) E,=2.16 eV implies \; = 0.574 ym; E, = 1.1 eV implies Ay = 1.127 pm;
Fo_x,7 = 0.346, fraction of top cell;
Fo_»,r = 0.779, fraction bottom cell: Fy,r_x,7 = Fo_x,7 — Fo—x,r = 0.433
(c) Short cicuit current density (i.e i @ V=0) is i,.= 115 A/m?
Open circuit voltage (i.e V @ i=0) is V,. = 2.59 V (using V = ln(:—(l’ + 1)% )
Fill factor (FF) = Poae/(iscVoe)
P00 can be calculated using the plot below or numerically using % = 0;
Pz = 284.76 W/m? and hence FF = 0.954
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Figure 1: Plot of the power density vs. potential (V) of the solar cell

(d) The first term is the equilibrium potential, second term is ohmic losses due to resis-
tances in the solution, the third and fourth terms are the kinetic overpotential due to
reaction, one for the anode and one for the cathode.

AVohmic = ipl, = 1.6 V (@ i=200 A/m?)
AVanode = a1log(7-) = 256 mV (@ i=200 A/m?)
AVeathode = aslog(;=) = 159 mV (@ i=200 A/m?)

(e) Operating point: i,, = 112.1 A/m?; V,, = 2.525 V; implies P,, = 283.1 W/m? which
is smaller than P4,
We need to reduce the overpotentials: i.e. by using better conducting solution, using
catalysts that can support faster reaction kinetics, etc.
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Figure 2: Operating curves of PEC cell

(f) Efficiency: n = 2% = 112.1 - 1.23 / (1000) = 0.14 = 14%

(8) m = 2t = L520891900 - 3600 = 8.0 kg/m?.

Note: Strictly speaking, the hydrogen production should be calculated using the Gibbs
free energy change (237 kJ/mol), since this corresponds to the reversible cell voltage
of 1.23 V used in the efficiency definition in (f). However, in this case, assuming the
lower heating value is sufficient.

2. (a) 3 = %, with v molar fraction, v weight fraction, and M molar mass of species

i; implies
_ 0.49/0.012 B
1 = §54970.012-40.06/0.00150.45/0016 —0-317;
_ 0.06/0.001 B
Y1 = $.19/0.012+0.06/0.001+0.45/0.016 0.465,
0.45/0.016
21 : — 0.218,

~ 0.49/0.01240.06/0.001+0.45/0.016
z = z1/x1 = 0.689;
Total number of Hy moles: (y/2 + 2-z) = 2.046;
Total number of COy moles: 1

T4 5.67-10—8.12004
(b) Nabsorption = 1- UC_I =1- ~ 18001000 _ — 0.935.
(C) Nabsorption = W, hence
Quotar = Hicoctoret — 910/0.935 = 224.7 kW
absorption

(d) ’r'L.H27fuelcell = (y/2 + 2 - Z)hC’HyOznPSA = (1469/2 + 2 - 0689)(1 . 094) =1.92 IIlOl/S
Wout = Niy, fueicetl - H Vi, - Niuetcen = 1.92 - 285 - 0.62 = 339.8 kW
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(e) EGF = —Wou

. WRankine !
WR(znkine = TRankine * hC’HyOZ . HVCHyOZ =040 -1-570 = 228 kW, hence
EGF = 339.8/228 = 1.49

(f) m002 = thHyOZ : M002 =1-0.044 = 0.044 kg/S;

Emgolar = anVC(:f = 0'0??;5?8600 =047 kgCOQ/kWhe

EmRankine = W:jz;e = 0'04242'2600 = 0.69 kgCOZ/kWhe




