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Flexibility has become the new paradigm of power systems.
Baseload is an obsolete concept!

Electricity generation in Germany 30.4-2.05.2018 (links); Power generation from nuclear, hard coal and lignite power plants and demand
in Germany, 29.04-06.04.2018;(right)
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Various technologies can provide flexibility. A cost-benefit Agora n
analysis of flexibility options provides the basis for better

planning and better regulation
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The variability of renewables shifts the cost-optimal structure
of the portfolio of conventional power plants

Structure* of the residual power plant park in Germany in 2016 and in 2025 (~65% renewables).
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Agora Energiewende, Artelys Crystal Super Grid. *The structure is derived from assumed capacity factor (CF) values: Plants with a capacity factor of 80% or larger (>7000 full load
hours), a capacity factor between 20% and 80% (1750-7000 full load hours) and a capacity factor smaller than 20% (<1750 full load hours) are shown.




Reaching net-zero emissions by mid-century requires to phase-out Agora
unabated coal by 2040 worldwide. In some countries, like Indonesia,
coal power plants will continue to play arole during the transition.

Coal-fired electricity generation by technology in the IEA Net Zero Scenario, 2010-2050
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Making conventional power plants more flexible can be a key Agora
strategy to integrate large shares of renewables more
effectively in power systems dominated by coal assets.

Renewable and conventional power production during two exemplary days

in a system with 60% RES in 2030 In several countries, the development of VRES is
hampered after a certain level - operators claim that
the existing power system cannot cope with this
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can be a key strategy to integrate higher VRES, in
markets characterized by few other flexibility options.
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(such as gas). In the absence of CO2 pricing,
Agora Energiewende (2017) emissions can stagnate, despite an increase of RES!




Old coal-fired power plants are inflexible but modern ones can Agora
be almost as flexible as commonly used combined-cycled gas

turbines
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Numerous technical possibilities exist to increase the
flexibility of coal power plants
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Retrofit measures to increase flexibility were employed Iin
numerous coal-fired plants in Germany, Denmark and the US. Agora
The flexible operation of coal power plants reduces however

their lifetime.

Sekunddrluftring 1
Sekundarluftring 2

Intemal bypass

Reducing minimum load bring the most benefits.
The most important enabling factors are the adoption
of alternative operation practices, rigorous
Inspection, training programs.

Several retrofit measures were implemented on
German power plants for enhancing their flexibility:

- Bexbach (780 MW), reached a min. load of 11% (!)
by switching from two mills to single mill operation;

- Unit G and H of Wesweiler, increased ramp rates to
10 MW/min by upgrades in plant engineering

Investment costs for retrofit in flexibility is about
100 to 500 €/kW (must be evaluated case by case).
Retrofit usually increase the technical lifetime of a
power plant by about 10-15 years*

* For comparison, the investment in a new power plant ranges between 1.200 €/kW and more than
3.000 (with CCYS), for a lifetime of more than 40 years.



In order to fully tap the technical potential for increased

Agora

flexibility, it is crucial to adapt the power market conditions.

Lignite generation in Germany in December 2012 (up) and December 2017 (down)

Agora Energiewende (2018)

Economics of flexible coal (retrofit) is driven by the
availability of remuneration options for
flexibility. A market design which hampers
flexibility provision will not incentivize coal power
plants flexibility and other flexibility options. >
Inflexibility check!

With high shares of RES, electricity markets
should help to fully integrate market players that
provide valuable flexibility options.

The market design to value flexibility is key! For
example: dispatch based on marginal costs, no
long-term PPA but short trading arrangement (e.g.
intraday), adjustment of the balancing power
arrangements...




Enhancing the flexibility parameters of coal power plants can Agora
improve significantly their economic situation within a proper

market environment

Hard coal power plant operation before and after retrofitting with lower minimum load,

increased ramp rates and reduced start-up time in a 48-hour example period
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Flexible plant operation after retrofit
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If markets are adequately designed, flexibility
needs are reflected in electricity prices at
the wholesale level.

Because of high shares of RES generation, the
coal power plants face periods of low and
even negative electricity prices.

Flexible operation minimizes the losses from
increasing shares of VRES (and the decreased
utilization of the coal power plants).

If plants must stay in the market (e.g. to
provide system services), more flexibility has
direct economic value for the operator.

Switching off a power plant entails start-up
costs. Therefore, a tradeoff exists between
avoiding losses from negative prices and the
costs associated with start-up.




Flexible coal is not clean, but making existing coal plants more Agora
flexible enables the integration of more wind and solar power
In the system, contributing to decrease CO2 emissions.
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1 without being compensated by the avoided CO2 emissions of start-up processes.



Overview of Key Findings
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Flexibility in thermal
power plants

With a focus on existing coal-fired power plants

STUDYy
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Existing thermal power plants can provide much more flexibility than often assumed, as experience
in Germany and Denmark shows. Coal-fired power plants are in most cases less flexible compared to
gas-fired generation units. But as Germany and Denmark demonstrate, aging hard coal fired power plants
(and even some lignite-fired power plants) are already today providing large operational flexibility. They are
adjusting their output on a 15-minute basis (intraday market) and even on a 5-minute basis (balancing
market) to variation in renewable generation and demand.

Numerous technical possibilities exist to increase the flexibility of existing coal power plants.
Improving the technical flexibility usually does not impair the efficiency of a plant, but it puts more
strain on components, reducing their lifetime. Targeted retrofit measures have been implemented in
practice on existing power plants, leading to higher ramp rates, lower minimum loads and shorter start-up
times. Operating a plant flexibly increases operation and maintenance costs — however, these increases are
small compared to the fuel savings associated with higher shares of renewable generation in the system.

Flexible coal is not clean, but making existing coal plants more flexible enables the integration of
more wind and solar power in the system. However, when gas is competing with coal, carbon pricing
remains necessary to achieve a net reduction in CO2. In some power systems, especially when gas is
competing against coal, the flexible operation of coal power plants can lead to increased CO2 emissions.
In those systems, an effective climate policy (e.g. carbon pricing) remains a key precondition for achieving
a net reduction in CO2 emissions.

In order to fully tap the flexibility potential of coal and gas power plants, it is crucial to adapt
power markets. Proper price signals give incentives for the flexible operation of thermal power plants.
Thus, the introduction of short-term electricity markets and the adjustment of balancing power
arrangements are important measures for remunerating flexibility.
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Thanks for your
attention!

Questions or Comments? Feel free to contact me

Dimitri.pescia@agora-energiewende.de

Agora Energiewende is a joint initative of the Mercator
Foundation and the European Climate Foundation.
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