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Solar Irradiation – World 
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Solar Irradiation
Germany & Australia
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Solar Energy Germany vs Australia
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Figure 1 Percentage renewable energy in net electricity consumption (final energy) for Germa-
ny, data from [BMWi], [AGEB5] 
 

4. Is PV power too expensive? 
It depends on the benchmark used. 
 
It is difficult to compare the costs of PV electricity with fossil and nuclear electricity since 
the external costs are ignored (see section 22.9, [DLR1], [FÖS1], [FÖS2]). The marginal 
costs for nuclear power are in the order of only 1 €-ct/kWh, for coal-fired power 3-7 €-
cts/kWh, for gas-fired power 6-9 €-cts/kWh.  The fixed costs of power generation (e.g. 
investments, capital) are added on top of this. The cost of the fuel is included in the 
marginal costs yet not the cost of treating the waste.  
 
Although an emissions trading system has been implemented for the energy sector EU-
wide to make CO2 emissions more expensive and to internalize costs to some extent. 
Due to an overabundance of available certificates, however, the price collapsed in part 
because the expansion of renewable energy was not considered and also because of the 
drop in fuel costs. Estimates of the direct and indirect follow-up costs also facing Ger-
many in the coming years due to global climate change are not yet known.  Expendi-
tures for dismantling the nuclear power plants which have been shut down are most 
probably not covered by the operator’s reserves.  The creation and maintenance of per-
manent storage sites for nuclear waste in Germany will probably cost much more than 
the 23 billion euros given to the German states for storing Germany’s nuclear waste. 
Damages from nuclear accidents are covered up to 250 million euros by the insurance 
company and up to 2.5 billion euros by an operator pool. For amounts above this, the 
nuclear power plant operator is liable with its assets. [ATW1]. As a comparison, damage 
caused by the Fukishima nuclear disaster amounted to ca. 100 billion euros, a value 
which is many times higher than the company value of the German nuclear power plant 
operators. The uncovered risks are carried by the tax payers. 
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Total Energy Mix Germany
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Renewable Cost Trends 2010 - 2017
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The Power of Volume
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The Value of R&D for CSP
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Conventional CSP Systems
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High-Temperature CSP

Concentrated Solar Thermal for Australia

9

Molten Salt Storage Loop

Solar Collection & Concentration
& Thermal Conversion

Sun
Turbine

Boiler

Condenser

Electricity

ElectricityGeneration

Parabolic Trough 
Field

Rankine Cycle

Cooling Tower 
(Dry)

Hot Tank

Cold Tank

Thermal Oil Loop

Oil/Salt  HX

Parabolic trough

ASTRI plant progression 2012-2017

ASTRI Reviews 2018

Molten Salt Storage Loop

Thermal
Conversion 

Solar Collection
& Concentration

Sun

Boiler

Storage &Electricity Generation

Heliostat Field Tower & 
Receiver

Rankine Cycle Steam Turbine

Charge

Discharge

Hot Tank

Cold Tank

Cooling Tower 
(Dry)

Electricity

Economizer

Superheater Reheater Condenser

Molten salt tower

Molten Salt Storage Loop

Thermal
Conversion 

Solar Collection
& Concentration

Sun

Cooler

Electricity
(30MWe)

ElectricityGeneration

Heliostat Field Tower & 
Receiver

sCO2 Brayton Cycle

Salt-SCO2
HX HT Recup

LT Recup

Expander
C RC

x4 = 120MWe Molten salt tower with sCO2 turbine

Liquid 
Sodium 

Loop

Thermal
Conversion 

Solar Collection
& Concentration

Sun

Electricity Generation

Heliostat Field Tower & 
Receiver

Sodium-SCO2
HX

PCM Storage
sCO2 Brayton Cycle

HT Recup

LT Recup

Expander
C RC

Cooling Tower 
(Hybrid)

sCO2
recompressor

Sodium-PCM-sCO2 tower (A)

Liquid Sodium Loop

Thermal
Conversion 

Solar Collection
& Concentration

Sun

Electricity Generation

Heliostat Field Tower & 
Receiver

sCO2 Brayton Cycle

Sodium-SCO2 HX

HT Recup

LT Recup

Expander
C RC

PCM Storage

Cooling Tower 
(Hybrid)

Sodium-PCM-sCO2 tower (B)



11

Target Example for CSP
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CSP Forecast 
In the Australian Energy Mix
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Source: Energeia
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Potential Locations for CSP
in Australia
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CSP and PV are not Competitors
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Advantages of CSP for Australia

• Low cost integrated storage
• Fully dispatchable
• Synchronous power generation --> Grid stability
•High local content (vs PV)
• Potential for using high-temperature process 

heat directly
• Applicability of CHP

Concentrated Solar Thermal for Australia
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Challenges to CSP

• Perceived complexity
• Perceived high cost
• Low Technology Readiness Level (TRL) of high-

temperature solution
• Larger plant size to achieve low LCOE
• Low amount of install base (reference plants)

Concentrated Solar Thermal for Australia
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ASTRI Development
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ASTRI LCOE targets and assessments

ASTRI Reviews 2018

0

5

10

15

20

25

30

35

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

LC
OE

, c
/k

W
h

Year

Technical KPI
Commercial 100MWe/4hour storage
Commercial 25-30MWe/4hour storage
ASTRI  90-120MWe/6h storage
ASTRI  25-30MWe/6h storage
AETA (2012) 18MWe/6h storage
AETA (2013) 100MWe/6h storage

• Annually (usually 
November) the ASTRI 
system was updated to 
progressively incorporate 
our project findings

• In parallel, a database of 
components costs from 
other sources was used to 
provide an estimate of 
conventional technology

• These are shown in 
comparison with the ASTRI 
Technical KPIs for LCOE at 
each year of the ASTRI 
program
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ASTRI Role for CSP in Australia

• Increase TRL for component technologies for Hi-T CSP
• Build Integration Test Facility to demonstrate 

component performance and operability in integrated 
system
• Continue to build CSP capability in Australia
• Connect with international CSP community
• Engage industry partners to accelerate 

commercialization of CSP in Australia
• Advise ARENA on future project funding in CSP
• Advise industry on CSP commercialization path

Concentrated Solar Thermal for Australia
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ASTRI Partnership
Funding partner

Australian partners
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