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Background and motivation
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Natural Gas Coal
l l ¥ L ¥
Steam Gasification Thermachemical High lctrolysis Gasification
Reforming Water Splitting | Temperature
Electrobysis

[adapted from Holladay et al., (2009)]
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Background and motivation
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CSP integration with Cu-Cl hydrogen
production process

Research phase
Material instability

Electrode degradation at elevated
temperature

Acidic environment for plant
material at elevated temperature

at 1000°C, the electric energy
consumption required unfavourably
represents 61% of the total energy
demand
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Aims to eliminate the degradation
associated high temperature
electrolysis

Corrosive environment for
electrodes and cell material

stack lifetime, performance under
thermal loads and suitability to
centralized large-scale generation
require further investigation

Under varying loads, risk the
production of impure hydrogen
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within the heat quality range of
current concentrating solar thermal
technology

each step and reaction completion
demonstrated on laboratory scale

electrolysis occurs at low
temperature and pressure,

favourable for material stability

Reduced electric requirement
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CSP integration with Cu-Cl hyd 1|
production process

Electrochemical &

Reaction

Decomposition
Reaction

450-530°C
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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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2154.43



Simulation methods and results

MODEL 2: CST plant - thermal load & Grid - electric load
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LCOH,, [$/kg H,]

Simulation methods and results

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

Cycle efficiency: 22.7%

LHVHE
n= i
Q +EE

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

contact sterg@sun.ac.za
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Simulation methods and results

$/ kg Hydrogen
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Current study Current study kromer et al.
(model 1) (model 2) (2011) indexed
2017
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@ Variable operational cost

O Fixed operational cost

O Total capital cost
(solar+thermochemical
plant)

OThermochemical plant cost

O Solar plant capital cost
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Model 1: $7.15/kg
Model 2: $7.32/kg
$ Indexed to 2017

10% discount rate (H2A
assumption)

Similar to that found in
literature study utilizing
H2A assumptions

Above target price of $2/kg
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Conclusions

* In comparison to 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’

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

« Future work should consider a detail CST model linked to a hydrogen
production process model to broaden understanding of effects of
electric and thermal supply variability and heat recovery within the

process to improve cycle efficiency
o 1 www.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 (STERQG)

Stellenbosch University

South Africa
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