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Natural Gas Fired Plants
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(B) Natural Gas n=58%
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(C) Natural Gas Postcom.CCS

— Renewable Energy

B) Solar Thermal
B) Geothermal

B) Wind 2.5 MW Offshore |
B) Wind 1.5 MW Onshore L.
C) Wind Offshore
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Figure 3.4: Load following operations of E.On nuclear units in Germany
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. Maximal change in Maximum ramp rate

Open cycle gas turbine (OCGT) 10-20 min 20-30% 20%/min
Combined cycle gas turbine (CCGT) 30-60 min 10-20% 5-10%/min
Coal plant 1-10 hours 5-10% 1-5%/min
Nuclear power plant 2 hours - 2 days up to 5% A 1-5%/min
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(£#2) OECD Nuclear Energy Agency: “Nuclear and Renewables” , 2012
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Table 5 Flexibility capabilities of coal-fired units (Reischke, 2012)
State of the art: Development (new and
existing plants):
Start-up: 2-6 hours depending on 1-4 hours depending on
starting condition starting condition
Minimum load (hard coal) New power plants: 25% Conventional firing 15-20%
Existing power plants: 40% Indirect firing 10-15%
Minimum load New power plants: 40% Conventional firing 35-40%
(Brown coal) Existing power plants: 50% Indirect firing 10-15%
Load change cycles Moderate High to very high
(Primary frequency control) 2-5%/30 s possible to 5%/30 s 10%/10 s
(Secondary frequency control) 2—/min 10%/min>
Biomass 10% cofiring 100% biomass
—— Ie_ggcy design: 5 MW/min r—
600 e provan: 13
minimu.m: 270 MW
possible: 20 MW/min
| minimum: 250 MW boiler freed condenser cooling towers
500 coal ammonia P
% 400—] | I .
—m_u o stacl
300 Lﬂﬂeﬂﬂ_‘ [Festerchanger «
primary air :D Iirr:srtgne
200 . 1\0 2\0 3\0 4\0 5‘0 6|0 secondary air tD == gypsum

Time, minutes

(£ #2) IEA Clean Coal Centre: “Increasing the flexibility of coal-fired power plants”, 2014
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Figure 1: Wind power plant configuration.
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