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Master Design for: Reference Power Plant North Rhine-Westphalia (RPP NRW)
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Design Coal RPP NRW

Heating Value
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MJ/kg
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25,0
7,5
14,0
30,0
1,5
0,6
<0,01
1270
1410
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Fuel Range

21,0 -29,0
7,0-18,0
50-22,0
23,0-47,0
<2

<15

<0,3

> 1150

> 1300
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Power Wholesale Market
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Assessment Factors for Power Plant Design

Efficiency of power plant
(15,5 Euro/kW or 9.3 Mio. Euro per percentage point of efficiency improvement)

Reduction of power plant own consumption
(17,4 Euro/kW or 10.4 Mio. Euro per percentage point of own consumption)

Plant availability
(13,1 Euro/kW 7.9 Mio. Euro per percentage point of power availability
improvement

Reduction of delivery time
2,7 Euro/kW or 1. 6 Mio Euro for 1 month of delivery time reduction
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Assessment of Innovations
Example of Preheater Design
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Number of idea: 6

Variant

external
desuperheater
feedwater-
temperature at
boiler inlet 303,4°C

external
desuperheater
feedwater-
temperature at
boiler inlet 320°C

thermo-
compression

9-stage feedwater
heating

Turbine-heat rate

appr. -9 kdJ/kWh

appr. -24 kJ/kWh

appr. -12 kJ/kWh

(supplier information)

appr. -11 kJ/kWh

Disadvantage

no preheaters located
in condenser neck
(AL1/A2) possible

Additional charge

appr. 400TEUR

appr. 2.100TEUR

appr. 840TEUR*

appr. 710TEUR

Results

Recommendation

profitable, used in RPP

consideration only
for A3/ A4

* expenditures for turbine building not considered

uneconomical after evaluation
range of limited condition after evaluation
uneconomical after evaluation
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Comparison of different Boiler Concepts

Floor space: 2 975 m? Floor space: 4 164 m? Floor space: 4 600 m?
Volume: 166 000 m3 Volume: 197 000 m3 Volume: 209 000 m3
Efficiency: 95% Efficiency: 95% Efficiency: 95%
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Market - Orientated Optimized Power Plant Design
(Reference Power Plant North Rhine-Westphalia)

e Plant capacity:

e Net capacity:

e Net efficiency:

e Costs of plant:

e Specific costs:

e Cost of electricity:

e Type of boiler:

e Live steam condition:

e Condenser pressure:

e Preheater:
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600,0 MW

555,5 MW

45,9 %

478,5 Mio. Euro

798 Euro/kW,,

3,3 - 3,5 ct/kWh
Benson
285bar/600°C/620°C
45 mbar

8 preheater + external cooler
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Efficiency vs Assessment Factor *)
47,5% - - -
. All variants are based on inland locations 47,3%
47,3% I
0 1
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O  46,9% | !
C | !
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—_— 1 46,5% 1
O 465% ! | - —----- F----
= ! ! 46,2% ' I
Q 46.3% _ : . : ! |
] Preferred Variant** 46,1% e L. I
o 46,1% R R oo l I
Q 45,9% l 1 I |
Z 45,9% ——-:-— ——-:——————-:-——————1-—————
1
45, 7% 1 | 1 I
| | 1 I
45,5% ! ! 1 1
| | 1 I
| | 1 I
1 1 gl 1 I
I appr. 20 EUR/kWgross per ol/o-pt.** 1 I
1 1 I
i ] } 1 > 1
Conod | appr. 25 EUR/KWgross per %-pt. |
Lo i : g
798 EUR/KW g appr. 30 EUR/kWgross per %-pt.
I a
] »
Power output for all variants: 600MW at generator terminals >35 EUR/kWgross per %-pt.
* Increase of efficiency in EUR/kWgross/%-pt.
** The increase of efficiency in Variant A considers also a reduced auxiliary power consumption, which requires an additional capital
investment with an amount of appr. 8 EUR/kWgross.
*** |n the concept study the Preferred Variant was investigated in detail; the Variants A-D have been derived.
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Efficiency of Hard Coal fired Power Plants vs Site

48,50%

48,00%

47,50%

47,00%

Net Efficiency

46,50%

46,00%

45,50%

non-market orientated

technological optimized plant

(costal side)

market orientated
optimised plant
(costal side)

market orientated
optimised plant
(non-costal side)
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Cost of Power for different Technologies PEWERTECH

Cost of electricity - Reference case
No costs CO2 - Gas 1,2 ct/kWh (Hu, incl. tax), 1% price escalation (real) - Hard coal 48 €/t SKE,

no price escalation (real) - Lignite 31 €/t SKE, no price escalation (real)
Price year 2003

PC hard coal NGCC PC lignite USC 700 °C IGCC
4,50 ctikWh 600 MW (2 x 400 MW) 1100 MW Plant

4,00 ct/kWh

3,50 ct/kwWh -
3,00 ct/kwWh A
2,50 ct/kWh A
2,00 ct/kWh A
1,50 ct/kWh -
1,00 ct/kWh -

0,50 ct/kWh -

0,00 ct/kWh A

m fixed @ variable

PC: Pulverized Combustion
NGCC: Natural Gas Comb. Cycle
USC PC: Ultra Super Critical PC
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Comparison of profitability RPP/CCPP plant without costs for CO,
0.6 ct/kWh

0.5 CHRWH | -----= = g e

OACUKWh |- T

0.3 KW | -----mmmmmmmmmmmm e T e oo T

0.2 ct/kWh

in relation to CCPP

0.1 ct/kWh

RPP NRW more profitable

0.0 ct/kWh

-0.1 ct/kWh

-0.2 ct/kWh

-0.3 ct/kWh

Escalation of coal price

—4@— 0.5% escal. gas price == 1.0% escal. gas price 1.5% escal. gas price 2.0% escal. gas price
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Comparison of profitability RPP/CCPP with Costs of 5 € t/CO,

0.4 ct/kWh
0.3 ct/kWh 7

0.2 ct/kWh 7

in relation to CCPP

0.1 ct/kWh 7T

RPP NRW more profitable

0.0 ct/kWh

-0.1 ct/kWh

-0.2 ct/kWh

-0.3 ct/kWh

-0.4 ct/kWh

-0.5 ct/kWh

Escalation of coal price

—4&— 0.5% escal. gas price = 1.0% escal. gas price

1.5% escal. gas price

2.0% escal. gas price
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Comparison of profitability RPP/CCPP with Costs of 10 € t/CO,

0.2 ct/kWh

in relation to CCPP

RPP NRW more profitable

0.LCtkWh f
0.0 ct/kwh . . '

olctkwh{ — S
0.2 ct/kWh
0.3 ct/kWh
0.4 ct/kWh

-0.5 ct/kWh

-0.6 ct/kWh

-0.7 ct/kWh

Escalation of coal price

—4&— 0.5%escal. gas price == 1.0% escal. gas price 1.5% escal. gas price 2.0% escal. gas price
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Step by Step Power Plant Development

Long term Option

of CO,-Separation

Com ponent and -Storage

Demo-Plant
700 °C

Reference Test FaCiIity
Power Plant COMTES700

600/620°C | 790 oC

time

EU: Thermie, AD 700, FP 6, FP 7

R&D Programme:
DE: KOMET 650, COORETEC, e. a.
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If you want to get to the bottom of the study:

mailto: hans-joachim.meier@vgb.org



