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1 Resource and technology availability

Resource base Is available
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1 Resource and technology availability

But costs for most technologies still higher
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2 Learning by doing principles

Improvements through market experience

- one perspective on cost evolution
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2 Learning by doing principles

Application to wind data
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So these are the basic relations. And when you look at the historic data.. And what we have here are about 1500 data points from 1982 to 2001, in which you can actually the trend in question. 
Turbines beyond 2MW are generally destined for offshore purpose – you can see that there is a slight drop in price… but this is not actually comparable technology because towers are lower, rotation speed is faster, which means less torque, less stress on mechanical components etc.. They are therefore not comparable machines. But the onshore machines – with some differences of course – are



2 Learning by doing principles

Wind energy costs — driven by multiple effects

 Production scale
 EXxperience effect
e Turbine scale

Source: EWEA (2004) Karsten Neuhoff, 7
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So, to shed some light on the possible reasons for this we decided to look more closely at the sources of cost reduction in wind turbines. 
There are in fact two. But one of them has two dimensions… namely scale: there is of course, the production scale, which relates to the size of manufacturing capacity
But there is also the scale of the individual unit. If you can reduce the cost per kW by making a turbine bigger, you are benefiting from scale economies. 
And then, finally there is technology learning. Using innovative materials for the blades, using smarter control systems, or simply being to building them more efficiently, more cheaply. 


2 Learning by doing principles
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2 Learning by doing principles
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2 Learning by doing principles

Price evolution
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2 Learning by doing principles

Price evolution
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2 Learning by doing principles

Price evolution
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2 Learning by doing principles

Learning only...
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3 R&D substitute or complement?

R&D — substitute or complement for strategic
deployment?

Public R&D funding
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3 R&D substitute or complement?

R&D — substitute or complement?

Research and .\ Pre Supported :
Demonstratio : ) Commercial
Development commercial commercial

Applied R&D
delivers
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Stimulation of | Innovation in products
production Deployment and deployment
R&D cycle results in higher eviEle practices from market
quantity and y experience
quality

Market learning prompts
additional R&D in products
and manufacturing
technologies

Cheaper, better products
enlarge markets
and open new segments
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3 R&D substitute or complement?

Example: Solar PV production

Raw Ingot & Process “\ _Encapsu-
Silicon cut wafer~ cell lation

Cost: ~10% ~30% ~30% ~30%

——

Product innovation: Coating: TiO, -> SIN,

Process innovation: Wafer: 400um -> 200um
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4 Growth to the limit

Interaction between growth and learning rate

[llustrative
Market growth
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4 Growth to the limit

Implications for learning rate
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5 Strateqgic deployment

How to make tech

Example Solar PV:

_3 Learning rate effects cost

o 17% 55 billion €

20% 20 billion €

23% 10 billion €
Existing
technology

o Market
size

Time,at 30% growth rate

5% discount rate Karsten Neuhoff, 19



5 Strateqgic deployment

Internalisation of CO2 benefits new technologies

©  Reduces investment: 38 to 20 bhillion €*
I * Increases benefit 150 to 300 billion €
e Increases market confidence
EXxisting
technology

4
Market
size

Time,at 30% growth rate

* Break even price moves €40/MWh to €50/MWh, 5% discount, 2005-2040 Karsten Neuhoff, 20



5 Strateqgic deployment

How does strategic deployment work?

Research
Institutions

:Exp].
Focus

Technology
companies

developers

Source: Neuhoff/Sellers EPRG 2006

Strategic
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J Expectation about
Future market

Leveraging private
Investment

Karsten Neuhoff, 21



5 Strateqgic deployment

Future demand difficult to predict

Installed wind power per year (MW)
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5 Strateqgic deployment

Global aggregation reduces volatility

RD&D expenditure on Photo Voltaic (Mio. $ 2002)
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5 Implications for marginal value of deployment

Price / unit capacity

Marginal Learning Externalities
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5 Implications for marginal value of deployment

Price / unit capacity

... adding the benetit Trom accelerated tuture

deployment adds value to early deployment
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Economic and Policy Frameworks for Energy Technology Deployment

Conclusion

 Resources available
* Learning by doing could drive down costs
« RD&D complement not substitute for market experience
« Use time effectively that is required for new technologies
« Strategic deployment

— Creates market experience

— Provides well defined interface with government
o Parallel implementation of strategic deployment

— Increases scale and reduces volatility

— Increases political support

Karsten Neuhoff, 26
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