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Introduction into the international discussion of regulated and liberalized markets

Short-term operation: Market place for all creates synergies and security

For investment: Consider two types of generation technologies

For non-dispatchable renewables focus on investment framework

In principle different options can secure supply - but at a cost
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Short-term market design open for all technologies:

Time frame and platform
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Clearing platforms or auctions are increasingly used in US and Europe

for short-term power markets.
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Short-term market design open for all technologies:

Bid format

Multi-part bids can
accomodate all needs

Block bids

Hourly
products

Quarterly
products

5 minute
products

Respect ramping and start-up
constraints of conventional assets
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Increase temporal granularity to
ensure system balance and use
flexibility of wind and solar

Further dimensions that good market design needs to ensure:

* Effective use of transmission capacity
e System-wide pooling of reserves
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Is there a case for continued technology differentiation?

Wind and solar PV Fossil fuel based generation

... and flexibility options ...

Capital costs ~ 80% ~ 30%
Main strategic choices New investment decision (Re-)investment and retrofit decision
Location and dimensioning Closure

Fuel contracting

Capacity for government | High Low
to decide (homogenous technology, (inhomogeneous assets, large
competition for entry) incumbent players, information

asymmetries)

Other aspects RE trajectory required Government choices politically
- For grid investment contentious

- Supply chain / planning

Strategic choices Policy-driven deployment Private sector determined

(financed on-balance sheet)
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Make use of renewables to stabilize energy costs
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Similar cost level for serving demand with new wind and solar as with fossil fuel:

- Cost of learning investment in wind and solar dominates debate but is sunk.
I BERLIN
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Financing costs increase with (i) country situation (ii) policy design not

addressing market imperfection and policy risk

Weighted average cost of
capital for wind reported by
European investors in 2014
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Billion Euros
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1. Cooperation can
reduce financing cost for
countries.

2. Policy can reduce
financing cost for wind
and solar by ensuring
long-term stable
revenue streams.

3. RE benefit from
hedge at times of low
power prices:

Ensure consumers also
benefit at times of high
power prices.

NI BERLIN

Karsten Neuhoff



Three paradigms of investment for generation adequacy

How to define generation Open for and benefiting

adequacy contribution of Energy from ALL flexibility options:

RE, flexibility options? Energy & only Address chicken and egg
capacity market

How to integrate with markets

international partners, heat
transport?

Multi-year hedging
contracts required to insure
producers and consumers

Elements for functioning market:

e Remuneration of system services
How to insure consumers
against variable fossil
energy and carbon prices?

e Operational demand response curve

e Carbon pricin . :
P g Option of strategic reserve

as insurance for regulator

Cost-based

regulation

How to change
strategy/technology-mix
without threat of entry?

Each paradigm can ensure generation adequacy.
e Change of paradigms puts credibility at risk and creates hold-up.
* Unclear what value retail-competition adds to paradigm.
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