Comparing the system costs of baseload
from CSP and nuclear power under
high renewables scenarios in South Africa

Stefan Pfenninger, James Keirstead, Paul Gauché
Imperial College London Stellenbosch University

JAEE 2015 International Conference, Antalya, Turkey
26th May, 2015

1 A T

Image sources:

httpsi//commons.wikimedia.org/wiki/File:Gemasolar.jpg

http://inweekly.net/wordpress/wp-content/uploads/2011/03/cooling-towers-of-a-nuclear-power-station.jpg
N N




60

50

40

30

GW

20

10

0

South Africa’s power system

Current capacity

Coal

Nuclear

Hydro

Pumped storage
Gas turbines
Non-Eskom

=
0

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

~ Wind
s PV
o CSsP

Renewable allocations to date



BASELOAD
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Concentrating solar power (CSP)
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Nuclear

Investment/kW,
2012 USD,
incl. decommissioning:

Olkiluoto-3
Flamanville-3
Hinkley Point C
Taishan 1&2
EA Africa

EA China

EA Europe
EIA

IRP 2013 Upd.

7430
7180
8567
2837
9910
3170
9472
8006
8376



Construction time and interest rates
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Model approacn

Linear optimization of
site selection, plant
dimensioning and
plant operation

Calliope modeling
framework
(www.callio.pe)
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http://www.callio.pe
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Non-cost factors: long-term climate

A. Daily direct normal irradiance in December (Summer), 1983-2013
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SYSTEM INTEGRATION



= NN
O o O

Hourly output (GW)
S

O—-_—

04-01-2010

Hourly output (GW)
— N N N w
o (&)} o (&)} o

(&)

0
04-01-2010

System integration: operation

05-01-2010

05-01-2010

06-01-2010

06-01-2010

07-01-2010

07-01-2010

08-01-2010

08-01-2010

09-01-2010

09-01-2010

10-01-2010

10-01-2010

Unmet Power Demand
Grid-scale storage

PV

Wind

Fossil

CSP

Nuclear

Unmet Power Demand
Grid-scale storage

PV

Wind

Fossil

CSP

Nuclear



System integration: planning
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CONCLUSION



Summary

Will baseload still be necessary”?

Perhaps. And if so, CSP could be cost-

competitive with nuclear by 2030, or earlier.

-lexible CSP could help ba
noth variable renewables a

ance a system with

nd nuclear power.

CSP and nuclear may both have a role, in

different parts of the world.
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