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Background and motivation
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Electrobysis
ladapted from Holladay et al., (2009 )]
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Background and motivation
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Effect of electricity price on cost of hydrogen produced
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CSP integration with Cu-Cl hydrogen
production process

- Aims to eliminate the degradation
Research phase

associated high temperature - within the heat quality range of
. - electrolysis current concentrating solar thermal
Material instability technology

Corrosive environment for
electrodes and cell material - each step and reaction completion
demonstrated on laboratory scale

Electrode degradation at elevated
temperature

- . = stack lifetime, performance under
Acidic environment for plant

) thermal loads and suitability to - electrolysis occurs at low
material at elevated temperature . .
centralized large-scale generation temperature and pressure,
R ] require further investigation favourable for material stability
at 1000°C, the electric energy
SRR T (T LEE LEEE D | Under varying loads, risk the - Reduced electric requirement

represents 61% of the total energy

demand production of impure hydrogen
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CSP integration with Cu-Cl hyd 1]
production process

Electrochemical y

Reaction

Decompaosition
Reaction

450-530°C

100 . . . .
| potential o]f HTE using ISOEC at 107"3 1273K

9( 1o heat loss to epvironment _ _ _ s - - _ _ _ _ _ _

' Hydrolysis
e [ T Reaction
i_‘ g0 Lpotential of Cu-Cl cycles at 1273K ] : “'oono
] _no heat loss to environment _ _ _ _ ™~ _ _ _ _ _ _ _ | (Naterer et al., 2014)
2 70F . 20%ofthe energy flow is electric (step 1)
E_:_’ | Cu-Cl cycle, 803K, i
T 60k 20% heat loss to environment |
=
= 50 o /
= &
5 L - - 100 52.3
© Mp-c==—=Fmomm - AR 373773 ~ 7] <100 1222

30 F - 350-400 227.9

20 " | L 1 L 1 L 1 L

0 20 40 60 80 100 450-530 143.4

Percentage of recycled heat inside the cycle, %
Comparlson of thermal efficiency of HTE, Cu-Cl cycle adapted from (Wang et al., 2010)

th
UKIVERSITEIT 6 Annua! STERG S T E R G
S T E R G q '.l.'\L\'\'.“I"'. Symposium \ visit concentrating.sun.ac.za
L A contact sterg@sun.ac.za

UNIVERSITY
|||||||



Agenda

« Background and motivation
- Sustainable hydrogen production methods

 CSP integration with Cu - Cl hydrogen production process
- Heat process requirement
- Electric process requirement

 Simulation methods and results

- literature
- current study

 Conclusion
- Feasibility
- Future work

= 6t Annual STERG T
1 w UNIVERSITEIT oy '
Q&?j/ s T E R G q c'r\;LIITI(:-ti;sa;rsléln IUO Symposmm \_‘y S E R G visit ~ concentrating.sun.ac.za
”  SOLAR THERMAL EN \ " UNIVERSITY TELLE " JES contact rg@sun.ac.za

19182018

@2
=
Q@
)]

@



Simulation methods and results

MODEL 1: CST plant - thermal and electric load

50 TPD

Steady-state conditions

Reaction completion
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Plant size

Capacity factor solar
thermal plant (TES = Oh)
Capacity factor solar
thermal plant (TES = 14h)
Plant production load
factor (TES = Oh)

Plant production load
factor (TES = 14h)

Hydrogen Production
Feedwater consumed

Total plant thermal energy
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40.03

83.33

34.46

80.27

14 650
131 850
2154.43



Simulation methods and results

MODEL 2: CST plant - thermal load & Grid - electric |oad
-
Hot
Tank MWt 183
| Plant size
T '311' MWe 29
-------- 1 ! .
i D 3 E'I:S__T_EE_‘:Z:__:' ;g'---SIEE--*- A& | Capacity factor solar o 33.97
7 Heliostat Field ? E E ::_'S_I_EE_E:_‘: E|i':chJ'|<ca| thermal plant (TES = Oh)
) / e o e é | STER e_;__! ....................... ﬁ‘}r Capacity factor solar y 74.93
v AUX thermal plant (TES = 14h) 0
f| Thermal |1, Plant production load
— : : — -1 Cu-Clprocess % 38.94
| factor (TES = 0h) "
Tank |¢—™— Plant production load . 74.93
50 TPD factor (TES = 14h) %
Steady-state conditions Hydrogen Production tons 13 675
Reaction com Y letion 5 Feedwater consumed tons 123 075
UNIVERSITEN 6" Annual STERG e
STERG ts s JQQ Symposium S Total plant thermal energy  Gwh 1254 .78



LGOH, [$/kg H,]

Simulation methods and results

Optomization of levelized cost of hydrogen to solar multiple and TES capacity
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Model 1: $7.15/kg
Model 2: $7.32/kg

Cycle efficiency: 22.7%
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Where

LHV,,, is 242 kJ/mol

Q is the thermal energy supplied to the
process by external sources per mol of
hydrogen produced

E is the electrical energy supplied to the
process by external sources per mol of
hydrogen produced
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Simulation methods and results

Model 1: $7.15/kg

8 Tsu Model 2: $7.32/kg
7 \- M@ Variable operational cost
. $ Indexed to 2017
6 25%
18% O Fixed operational cost
< > 14%, 26% I .
2 4 - _ 10% discount rate (H2A
5 17% O Total capital cost .
T 3 A— (solar+thermochemical assumptlon)
L plant)
> 2 57% o) 61%_ D'(I:'Ssetrmochemical plant
1 — . . .
Similar to that found in
0 T . ., OSolar plant capital cost . ipe -
Current study Current study kromer et al. Ilte ratu re Stu dy Ut| I |Z|ng
(model 1) (model 2) (2011) :
 oxed 2017 H2A assumptions

Above target price of $2/kg
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Conclusions

e Incomparisonto SMR (9 kg CO2 per 1 kg of H2) plant omits 131 850
metric tons of CO2 for 14 650 metric tons of Hydrogen annually (50 TPD)

» An Oxygen resale price of $1.91/kg is required to reach the target
hydrogen price. Market price found currently $0.1/kg 1

e Levelized cost of hydrogen most sensitive to discount rate , capital cost
and solar resource

e Future work should considera detail CSTmodellinked to a hydrogen
production process modelto broaden understanding of effects of
electric and thermalsupply variability and heat recovery within the

process to improve cycle efficiency
° lwww.intratec.us/ chemical-markets/ oxygen-price
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Thank you for your time and attention

CONTACT DETAILS:

Seranya Moodley

Solar Thermal Energy Research
Group (STERG)

Stellenbosch University

South Africa

22106235@sun.ac.za -
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