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PM - KMEG601 - HEAT BALANCE CALCULATIONS

Summary

KME is a consortium with material technology development as a base to make thermal
energy processes more effective.

A sub programme to KME is called “More effective power production”, which aim is to
elaborate a reference power plant concept (RPP). A full scale pilot plant with increased
power efficiency is planned to be demonstrated in year 2017-2018.

This PM summarizes various cases of process calculations as basis for further technical and
economic evaluations as part of RPP.

Heat balance and performance analysis including integration between boiler and steam
turbine system for defined process cases and with different biomass fuel sources have been
calculated.

The Benchmark cases for each group of comparison are presented in the table below and
have been used as reference for comparison with enhanced steam data processes with and
without reheat. The results from the calculations are presented as relatives differences of net
efficiencies from the selected and calculated benchmarks performances.

~100 MWe CHP based on 170 MW District Heat

Virgin biomass Process data RPP

Press (bar) | Temp C | RH press. (bar) | DH&Cooling C | Feed Water C

LVO0.1 140 540 No 45/90 227

LV11.4.2 175 600 45 45/90 265
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~100 MWe Condensing Plant based on 292 MW fuel input

Virgin biomass

Process data RPP

Press (bar) | Temp C | RH press. (bar) | Condensing C Feed Water
LVa.1 140 540 No 38 210
~75 MWe CHP based on 125 MW District Heat
Wide range Process data RPP
Press (bar) | Temp C | RH press. (bar) | DH&Cooling C | Feed Water C
IW0 90 500 No 45/90 210
~50 MWe CHP based on 85 MW District Heat
Virgin biomass Process data RPP
Press (bar) | Temp C | RH press. (bar) | DH&Cooling C | Feed Water C
MVO 140 540 No 45/90 227

~50 MWe CHP based on 90 MW District Heat

Wide range Process data RPP
Press (bar) | Temp C | RH press. (bar) | DH&Cooling C | Feed Water C
MWO0.2 90 500 No 45/90 210
~25 MWe CHP based on 45 MW District Heat
Virgin biomass Process data RPP
Press (bar) | Temp C | RH press. (bar) | DH&Cooling C | Feed Water C
SVO0 140 540 No 45/90 227

~25 MWe CHP based on 50 MW District Heat

Wide range Process data RPP
Press (bar) | Temp C | RH press. (bar) | DH&Cooling C | Feed Water C
SWO0 90 500 No 45/90 211
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1. Background

KME is a consortium with material technology development as a base to make thermal
energy processes more effective. The programme is divided into two main programme
areas; Material technology, Base programme and Programme area “More effective power
production”. The main focus for the sub programme More effective power production is to
elaborate a reference power plant concept (RPP) with increased power efficiency to be
demonstrated in a full scale pilot plant in year 2017-2018.

This PM summarizes the part of RPP what regards process analysis and with activity
steps, as follows:

1. Definition of base Benchmark references cases for each sizes and fuel mixes
2. Definition of process configurations and targeted steam data

3. Obtain preliminary solutions for steam turbine system and boiler system presented
by the Supplier within the consortium to be input for heat balance analysis

4. Heat balance and performance analysis including integration between boiler and
steam turbine system, for the defined process cases to be used for elaboration of
the most technical economic RPP

2. Prerequisites for calculation input data assumptions

The input data for the steam turbine cycle, e.g. isentropic efficiency, gland steam flows are
mainly based on data found in the Siemens Heat Balances, see appendix 1-6.

Boiler input data are mainly based on data received by Metso, see reference [3]

All heat balance calculations are performed with the process simulation tool
Thermoflex. [1]

3. Reference plants

The reference Benchmark plants LV0.1, LV11.4.2, LV9.1, IW0, MVO, MWO0.2, SVO and SWO0
are all steam cycles configured without reheat and FGC and with steam data and capacities
as specified in Table 1.

The boiler is a CFB boiler of Metso Design. In these calculations so far, the boiler heat
transfer input data and surfaces are just general and not adapted to a specific Metso bolier
design. The turbine is based on Siemens design configured for the Benchmark cases LV0.1,
LV9.1, see Appendix 1 and Appendix 2 with one casing with HP and LP part integrated. For
the reheat cases the turbine is divided into two casings, one HP casing and one integrated
IP and LP casing. The turbine is pressure controlled. There benchmark cases have
extractions for two high-pressure preheaters, one feedwater tank and one low-pressure
preheater. The final feedwater temperature is selected between 210-227 °C for the
benchmark cases. The turbine exhausts steam are connected to two district heating
exchangers, each producing half of the required temperature rise. For the condensing
benchmark plant LV9.1 the condenser is of air cooled type.
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Table 1 Reference Benchmark plants

~100 MWe CHP based on 170 MW District Heat

Virgin biomass

Process data RPP

Press (bar) | Temp C | RH press. (bar) | DH&Cooling C | Feed Water C
LV0.1 140 540 No 45/90 227
LV11.4.2 175 600 45 45/90 265
~100 MWe Condens Plant based on 292 Fuel LHV input

Virgin biomass

Process data RPP

Press (bar) | Temp C | RH press. (bar) | Condensing C Feed Water
LV9o.1 140 540 No 38 210
~75 MWe CHP based on 125 MW District Heat
Wide range Process data RPP
Press (bar) | Temp C | RH press. (bar) | DH&Cooling C | Feed Water C
IWO0 90 500 No 45/90 210

~50 MWe CHP based on 85 MW District Heat

Virgin biomass

Process data RPP

Press (bar) | Temp C | RH press. (bar) | DH&Cooling C | Feed Water C
MVO 140 540 No 45/90 227
~50 MWe CHP based on 90 MW District Heat
Wide range Process data RPP
Press (bar) | Temp C | RH press. (bar) | DH&Cooling C | Feed Water C
MWO0.2 90 500 No 45/90 210

~25 MWe CHP based on 45 MW District Heat

Virgin biomass

Process data RPP

Press (bar) | Temp C | RH press. (bar) | DH&Cooling C | Feed Water C
SVO0 140 540 No 45/90 227
~25 MWe CHP based on 50 MW District Heat
Wide range Process data RPP
Press (bar) | Temp C | RH press. (bar) | DH&Cooling C | Feed Water C
SWO0 90 500 No 45/90 211
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3.1Boiler
The boiler is assumed to be a circulating fluidised bed with natural circulation, for the
Benchmark reference plants and for cases with live steam data up to 175 bar. Forced
circulation is considered for live steam data of 190 bar. Once through boiler is considered for
the over critical live steam data of 260 bar.

The economisers are placed after the superheaters, along with the air preheating system.

There is a steam pre- air preheating system for all cases which is fed by extraction steam
from the turbine. The steam air preheater rises the air temperature to 60 C in order to
prevent corrosion either in the tubular air preheater or for cases equal or above 100 MWe in
the rotary air preheater placed in the convective final draft of the boiler.

The general condition for the boiler system and air and flue gas path for all the analysed
cases are as stated in the below table.
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Table 2 General outline of boiler and air and flue gas path

Boiler system Data input
Air system The primary air is 40 % of the total air
Air temperature inlet FD fan 35C
Furnace Furnace temperature 870 °C
Excess air 24 %
Steam circuit Boiler blowdown 0.25 %
Flue gas temperature inlet ID fan 150 C

Convective heating surfaces

The convective heating surfaces have been divided into three superheaters for all cases,
with temperature control before the second and third superheater. Table 3 shows the basic
assumptions for the convective heating surfaces. In addition, it is assumed that
approximately 5 % of the heat release in the superheaters is transferred to the panel walls.

In addition to the convective superheaters there is an embedded final superheater placed in
the cyclone leg

There is one economiser section placed in the final draft in front of the main air preheater.

Table 3 General outline for the convective heating surfaces

Minimum pinch Configuration Attemperation/Subcooling
SH 4 embedded 15°C Attemperation at inlet

SH 3 10 °C Counter flow 1 % Attemperation at inlet

SH 2 10 °C Counter flow 1 % Attemperation at inlet

SH 1 10 °C Counter flow

Eco 1 10 °C Counter flow >10 °C Subcooling at exit

Air preheater

It is considered that the air is preheated in a rotary air preheater, except for 190 bar live
steam and cases below 100 MWe where a tubular convective air preheater has been
considered.

The lowest acceptable metal temperature that can be tolerated to avoid low temperature
corrosion is considered to be 100 C at a moisture content in flue gas between approximately
20-25%. At an exit flue gas temperature of about 150 C it is considered necessary to rise
the air temperature in a steam fed air-preheater to above 60 C before it enter into the flue
gas air preheater.
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Dust cleaning
It is assumed that a bag filter is used to collect the fly ash.

All fans are assumed to have a design point isentropic efficiency of 80 % and a
mechanical efficiency of 99 %

Assumed pressure drop in air and flue gas path

Table 4 General Pressure drops in air and flue gas systems

Air and Flue gas system Path Pressure drop (kPa)
Primary air preheater and ducts 3.0

Secondary air preheater and ducts 3.0

Primary air to furnace top 15.0

Secondary air to furnace top 5.0

Boiler convective pass and ducts to filter 3.5

Filter 3.0

Ducts to stack 0.3

Assumed pressure drop in steam pipes

Table 5 Pressure drop in steam lines accounted

Steam pipe system Pressure drop (%)

Live steam, boiler outlet to turbine valve inlet 2.0
Cold reheat exit turbine to Hot reheat turbine 10

inlet

Extraction to HPPH1 51
Extraction to HPPH2 4.3
Extraction to LPPH1 2.3
Extraction to Deaerator 6.5
Extraction to District Heater 1 1.0
Extraction to District Heater 2 3.0

The pressure drop for the condensate and feedwater in the preheaters will be
calculated by Thermoflex based on the estimated hardware. It has only a very limited
influence on the efficiency.
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3.2 Steam turbine island

Steam turbine

The efficiencies of the steam turbines are generally based on Siemens heat balance data in
appendices 1-5.

The gland steam of the leakage flow at the turbine are based on Siemens data, see
Appendix 6. In general, the Siemens gland steam flows is considered low, however, for
comparison of different cycles it is just necessary to ensure that all cycles are based on the
similar assumptions.

Feedwater heaters

The design of a preheater is often characterised by the TTD (Terminal Temperature
Difference), DCA (Drain Cooler Approach) and residual superheat, at least for
preheaters with both desuperheating, condensing and drain cooling sections.

A

Drain

Desuperheater Condenser
cooler

Residual
superheat
-H-\-H""-\-\_\_

TD <

Figure 1 Definition of TTD, DCA and residual superheat [2]

The value of the TTD is quite dependent on the level of superheat in the steam. For
example, for a highly superheated steam, the TTD might become negative, whereas
for a limited superheating, the TTD will obviously be positive. The actual optimisation
of the preheater design must be done by the turbine supplier. The overall TTD for all
preheaters used in these calculations refer to Siemens heat balances and are stated in
Table 6.
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Table 6 Characteristics for preheaters

11

Heaters TTD DCA Residual

superheat inlet

to condenser

part
C
C C
LPPH 2.8 5,6 20
HPPH 2.8 5,6 20
District Heaters 2.0 5,6

Pumps
All pumps are assumed to have an isentropic efficiency of 85 %.

Auxiliary power consumption, motors and generators

The auxiliary power consumption for the plant is based on the electrical consumption
by all the components that are included in the model. This includes all the major
power consuming components; for example, feedwater pump, FD and ID fan. In
addition to the major components, it is assumed that there are miscellaneous
consumptions as follows

« Fuel handling 0 kWh/ton fuel
» Miscellaneous minor uses 2 % of gross power output

The efficiency of the motors is estimated by Thermoflex, and will for this size
typically be around 95 %.

The efficiency of the generator and gear is also estimated by Thermoflex to be around
98.4 %.
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4. Process Calculations and Comparison with Benchmark (Thermoflex)
Table 7 Heat Balances results
100 MWe CHP based on 170 MW District Heat Virgin biomass
Process data RPP Heat balance results
RH Feed Net
p | RH | DH&Cooling Water fuel | Gross | Net Heat | Heat | Total | Therma | Gross | Net Net.
No. p T T T T FGC | input | power | power | conden | FGC | Heat | | power Eff Eff. Eff
(bar) C |(bar)] C C C (LHV) | (MW) | (MW) [s. (MW) | (MW) | (MW) | (MW) [ (LHV) | (LHV) | Diff.
Appendix 7
LV0.1 140 540 | No 45/90 227 No 299 102 94 170 0 170 272 134,2% | 31,5%
Appendix 8
LV0.2 140 540 | 37 | 540 45/90 250 No 307 109 100 170 0 170 279 |35,5%|32,7% | 1,2%
Appendix 9
LV1 175 | 570 | 37 | 570 45/90 275 No | 314 | 117 | 108 170 0 170 287 |37,3%|34,3%| 2,8%
Appendix
10
LV1.0 175 570 | No 45/90 227 No 306 109 101 170 0 170 279 |35,7%|32,9% | 1,3%
Appendix
11
LV1.0.1 175 | 585 | No 45/90 227 No | 309 | 112 | 103 170 0 170 282 |36,1% |33,3% | 1,7%
Appendix
12
LV1.0.2 175 | 585 | No 45/90 265 No [ 310 | 113 | 104 170 0 170 283 |36,4%|33,4% | 1,9%
Appendix
13
LV1.0.3 175 600 | No 45/90 265 No 312 115 105 170 0 170 285 |36,8% |33,8% | 2,3%
Appendix
14
LV3.1 190 | 600 | 45 | 600 45/90 265 No | 322 | 123 | 113 170 0 170 170 |38,2% |35,1% | 3,6%




KME®601 Attachment #1

13
100 MWe CHP based on 170 MW District Heat Virgin biomass
Process data RPP Heat balance results
RH Feed Net
p | RH | DH&Cooling Water fuel | Gross | Net Heat | Heat | Total | Therma | Gross | Net | Net.
No. p T T T T FGC | input | power | power | conden | FGC | Heat | | power Eff Eff. Eff
(bar) C |(bar)| C C C (LHV) | (MW) | (MW) |s. (MW) | (MW) | (MW) | (MW) | (LHV) | (LHV) | Diff.
Appendix
15
LV11.4.2 175 | 600 | 45 | 600 45/90C 265 No [ 320 | 122 | 112 170 0 170 170 |37,9% | 34,9%
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100-150 MWe Condens based on 292-358 MW LHVFuel input Virgin biomass

Process data RPP Heat balance results
Feed Net
RH | RH DH&Cooling Water Fuel | Gross | Net Heat | Heat | Total | Thermal | Gross | Net | Net
No. p T p T T T Input | Power | Power | Condens | FGC | Heat | Power Eff Eff Eff
(bar) | C | (bar)| C C C FGC |(LHV)| (MW) | (MW) | (MW) |[(MW) | (MW)| (MW) | (LHV) | (LHV) | Dift
Appendix 19
LV9.1 140 |540| No 15/30 C (0,07 bar 227 No [ 292 | 115 | 106 0 0 0 115 139,4% |36,2%
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~75 MWe CHP based on 125 MW District Heat Wide range Fuel

Process data RPP Heat balance results
Feed Net Heat

RH | RH | DH&Cooling | Water fuel | Gross | Net Heat |[FGC | Total | Therma | Gross | Net Net.

No. p T | p. T T T FGC | input | power | power | conden | (MW | Heat | | power | Eff Eff. Eff.

bar | C | ba C C C (LHV) | (MW) | (MW) |s. (MW)| ) | (MW) | (MW) | (LHV) | (LHV) | Diff.
Appendix 25

IW0 90 |500| No 45/90 210 | No | 211 67 61 125 0 125 192 |31,6%| 29,0%

Appendix 26

IWO0.1 90 |500| No 45/90 210 | No | 210 67 62 126 0 126 193 [31,9%| 29,6% | 0,6%
Appendix 27

IW1.2 160 | 560 | No 45/90 230 | No | 219 77 70 126 0 126 203 [34,9% | 32,0% | 3,0%
Appendix 28

IW6.2.1 160 |560| 33 | 560 45/90 230 | No | 226 83 76 126 0 126 209 |36,6% | 33,7% | 4,7%
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~50 MWe CHP based on 85 MW District Heat Virgin biomass
Process data RPP Heat balance results
Feed Net Ther
RH| RH [ DH&Cooling | Water fuel | Gross| Net Heat | Heat | Total [ mal | Gross Net.
No. p T | p. T T T FGC | input | power | power [ conden | FGC | Heat | power| eff [ Neteff. | Eff.
bar| C |[bar| C C C (LHV) | MW) [ (Mw) |s. (MwW) | (MW) [ (Mw) | (MW) | (LHV) [ (LHV) | Diff.
Appendix 29
MVO 140 | 540 | No 45/90 ~227 | No 149 50 45 85 0 85 135 ]33,3%| 30,5%
Appendix 30
MV3 175 600 | 45 | 600 45/90 265 No 159 59 54 86 0 86 145 |37,0% | 34,0% | 3,5%
Appendix 31
MV4 175 585 | 45 [ 585 45/90 265 | No 158 58 53 86 0 86 144 136,7% | 33,78% | 3,3%
Appendix 32
MV5 175| 600 | No 45/90 265 | No | 155 55 51 85 0 85 140 |35,7%| 32,65% | 2,2%
Appendix 33
MV6 175 585 | No 45/90 265 | No 154 55 50 85 0 85 140 |35,4% | 32,34% [ 1,9%
Appendix 34
MV7 175] 585 | No 45/90 230 | No | 153 54 49 85 0 85 139 [35,0%]32,02% [ 1,5%
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~50 MWe CHP based on MW District Heat Wide range Fuel

Process data RPP Heat balance results
Feed Net Heat

RH | RH | DH&Cooling | Water fuel | Gross | Net Heat |FGC | Total | Therma | Gross Net Net.

No. p T | p. T T T FGC | input | power | power | conden | (MW | Heat | | power | Eff Eff. Eff.

bar | C |bar| C C C (LHV) | (MW) | (MW) |s. (MW) | ) (MW) | (MW) | (LHV) | (LHV) | Diff.
Appendix 35

MWO 90 |500| No 45/90 210 | No | 150 50 43 90 0 90 140 |31,2%| 28,8%

Appendix 36

MW1.2.2 | 160 [560| No 45/90 230 | No | 158 55 50 90 0 90 145 [34,6% | 31,6% | 2,8%
Appendix 37

MW6.2.3 | 160 |560| 46 | 560 45/90 230 | No | 166 59 54 90 0 90 149 |35,6%| 32,6% | 3,8%
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~25 MWe CHP based on 45 MW District Heat Virgin biomass

Process data RPP Heat balance results
Feed Net Ther

RH| RH | DH&Cooling | Water fuel | Gross| Net Heat | Heat | Total [ mal | Gross Net.

No. p T | p. T T T FGC | input | power | power | conden | FGC | Heat | power| eff | Neteff.| Eff.

bar| C |bar|] C C C (LHV) | (MW) | (MW) [s. (MW) | (MW) | (MW) | (MW) | (LHV) | (LHV) | Diff.
Appendix 38

SVO0 140 | 540 | No 45/90 ~227 | No 79 26 24 45 0 45 71 132,9%| 30,1%

Appendix 39

SV1 175 570 | No 45/90 250 | No 81 28 54 45 0 46 73 |34,5%| 31,4% | 1,3%
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~25 MWe CHP based on 50 MW District Heat Wide range Fuel

Process data RPP Heat balance results
Feed Net Heat

RH | RH | DH&Cooling | Water fuel | Gross | Net Heat |FGC | Total | Therma | Gross Net Net.

No. p T | p. T T T FGC | input | power | power | conden | (MW | Heat | | power | Eff Eff. Eff.

bar | C | ba C C C LHV) | (MW) | (MW) |s.(MW)| ) [ (MW) | (MW) | (LHV) | (LHV) | Diff.
Appendix 40

SWO0 90 |500| No 45/90 210 | No 82 25 23 50 0 50 75 30,3% | 27,8%

Appendix 41

SW1 160 | 560 | No 45/90 250 | No 88 30 27 50 0 50 80 33,9% | 30,6% | 2,8%
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Net electrical efficiency

Comparison 170 MW DH Benchmark 140bar 540C non reheat

36,0%
35,0%
34,0%
33,0%
32,0%
31,0%
30,0%
FW 227C| FW 250C
DH DH
540C
No RH37bar
540C 540C
140bar 140bar
LVO0.1 LV0.2

FW 275C | FW 227C
DH DH
570C
RH37bar No
570C 570C
175bar 175bar
Lv1 LV1.0

FW 227C| FW 265C
DH DH
No No

585C 585C
175bar 175bar
Lv1.0.1 | LV1.0.2

FW 265C | FW265C
DH DH
600C
No RH45bar
600C 600C
175bar 190bar
LV1.0.3 LV3.1

Process Cycles

Figure 2 Benchmark Virgin fuel non reheat 140bar 540C as reference comparison (to

be revised)
Comparison 170 MW DH Benchmark 175bar 600C reheat
2 36,00%
& 35,00%
£ 34,00%
o 33,00%
£ 32,00%
< 31,00%
S 30,00%
FW 265C FW 265C FW 265C FW 265C
DH 45/90C DH 45/90C DH 45/90C DH 45/90C
RH 600C RH 600C RH 580C RH 585C
RH45bar RH45bar RH45bar RH45bar
600C 585C 585C 585C
175bar 175bar 175bar 175bar
LV11.4-2 LV11.4-3.1 LV11.4-4.1 LV11.4-5.1

Process Cycles
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Figure 3 Benchmark Virgin fuel reheat 175bar 600/600 C as reference comparison (to

be revised)

38,0%
36,0%
34,0%
32,0%
30,0%

Net electric efficiency

Comparison (~300MWth fuel) Benchmark 140bar 540C Condens

non reheat against Condens cycles with reheat

Process Cycles

41,5“{) 41 1RQO 7 41 ’QQOA\
39,6%
§ 38,1% 38,3% ’
1 36,2%
FW 227C | FW 227C | FW 227C | FW 275C | FW 275C | FW 275C | FW 275C
cond38C | cond5C cond5C | cond38C | cond5C cond5C | cond5C
RH 600C | RH 600C RH 600C | RH 600C
No No No RH45bar RH45bar RH45bar RH45bar
540C 540C 540C 600C 600C 600C 600C
140bar 140bar 140bar 190bar 190bar 260bar 260bar
LV9.1 LVv9.2 LVv9.3-1 LV10 LV10.1-1 LV12.4-2 | LVi12.5-1

Figure 4 Benchmark Virgin fuel non reheat ACC as reference comparison

35,0%
33,0%
31,0%
29,0%

27,0%

Net electric efficiency

25,0%

Comparison 125MW DH Benchmark 90bar 500C Wide fuel non reheat

33,7%
32,0%
29.0% 29,6%
FW 210C FW 210C FW230C FW230C
DH 45/90C DH 45/90C DH 45/90C DH 45/90C
RH 560C
No No No RH33bar
500C 500C 560C 560C
90bar 90bar 160bar 160bar
W0 IWO0.1 IW1.2 IW6.2.1

Process Cycles

Figure 5 Benchmark Wide fuel non reheat as reference comparison
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Comparison 85sMW DH Benchmark 140bar 540C Virgin fuel non

Process Cycles

reheat
5‘ 35.00% 34,0% 33,78%
& ’ 32,65% 32,34% 32 020
‘s 33,00% - J ,02%
= ’ 30,5%
‘S 31,00% -
2 29,00% -
§ 27,00% -
2 25,00%
(0]
z FW 230C FW 265C FW 265C FW 265C FW 265C FW 230C
DH 45/90C DH 45/90C DH 45/90C DH 45/90C DH 45/90C DH 45/90C
RH 600C RH 585C
No RH 45bar RH 45bar No No No
540C 600C 585C 600C 585C 585C
140bar 175bar 175bar 175bar 175bar 175bar
MVO MV3 Mv4 MV5 MV 6 MV7

Figure 6 Benchmark 50 MW Virgin fuel non reheat as reference comparison (to be

revised)
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Appendix 1Siemens Heat Balance diagram Benchmark 140bar 540 C
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(At the gemerator tarmizal, ARter excitation |
Pegen= 150017 EW

140.00

e ———
_ﬁ—_‘_‘_‘_‘-
-‘_‘_‘———_‘_
- + ] :_‘—‘—'—-—-_.. —
— ———
| wm |3 155 | wms —— el .
6.05 £82 219614 827 1832 10 1132 033 B3.3
1158 | 27983 862 J23812 T J23958
0.080
9B.50
spp | 3% app | s app | 3% app | 3% app | 31w
Glad Steaz
1894
882
&7 | oo
11523 | 3353
Td=
T
<
-[ 1743
i T‘“ | 7eee
r= = 18 +———Dalivey it Guarastees to be given in separate decument
Tde= Tde= 356 N D.).‘Ll:u(l'_" SST-800-C
- e T T
SIEMENS
140bar 540 C Condensing

Appendix 2Siemens Heat Balance diagram

25



KMEG601 Attachment #1

Steam Turbine Performance HR ..

(At ths genarator terminals, after excitation lossas) m nl n Preliminary
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Steam Turbine Performance
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Gland Steam O.Mazur

SIEMENS s rg at1as21

Steam Table. WFU7-51
Case: KME design point

Preliminary

m,= sieam mass flow, kg's t-

hy= steam enthalpy, kikg V=r [To giana steam condenser:

t,- st=am temperature, *C p- s

V= volume flaw, s (steam andior air} LRSI TSN
M= 3T m3ss fow, kgs h=3mes 31045
M water mass fow. kg's

h.= water enthalpy, klkg {assumed spray water

from cond. pump)
Page 142} Sismens INoustnal Turbomachinery AS

Appendix 6Siemens Gland Steam diagram
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Rotary Ar Heaied2]: Average cold and temperatura (AGET) 1064 C

Rotary Ar Healer{2]: Ai haator heal ransier  Roiaey Al Hoated2]: Air palh cold end leakage 3%
18407 KW Reotary Air Heater]2]: Air path hot end leakage 3%

Ambient pressure

Ambient temperature

Gross power

Gross electric efficiency(LHV)
Gross heat rate (LIV)

Het
Hat
Het
Hot
Hat
CHR

powar

elactric efficiency (LHV)
heat rate (LEV)

fual input (LEV)

process sutput
afficiancy

Plant susilisey

heat rate (HEV)

5 1d
- —
Loee W @
I 1702 RN
!
i pessaanee |
|
-
Jvn FGRC fan o
0,158 b a2
¥ m  Air heatsr: Heat transfer
'ﬁ: 2560 kN
2 : o tan

1650 mm

rj, @ x -E%m Steam Tubine[25]: Exhaust annulus area 1.825 m*2

- = -t H»P,al-:ﬁ‘%—.r ‘Steam Turbina[25]: Exhaus! annuius velosty 99,43 m's
11206 W ‘Steam Last stage

-m 6 ‘Steam Turbina[25): Las! stage blade langth 352 mm

1040 W

g
#

‘Steam qualty
08765
, T,
DHl: heat transfer
B4R4D kW
District heat supply DR return: Temperaturs

DHZ: heat transts
Worh e 90 c ”:“ :. or a5 c
15 c
102140 kW Total District heat
S, d2 % 169950 kN
10525 kJ/kWh
94203 kW
31.55 %
11411 kd/kWh
256604 kW
169950 kN
88,48 %
7937 kW

13659 kJ/kWh

Appendix 7LVO0.1 i Benchmark 100MWe Virgin Biomass 140 bar



SH panel walls

waterwall 99675 KW

Fuel Moister 45%

Eco1: — »
15162 KW

A

Ambient pressure 1,013 bar
Ambient temperature 15 ¢C

Gross power 108926 kW
Gross electric efficiency(LHV) 35,49 %
Gross heat rate(LHV) 10143 kJ/kWh
Mot powar 100370 kW
Het electric efficiency (LHV) 32,7 %

Het heat rate (LHV) 11008 kJ/k¥Wh
Mot fuel input (LHV) 306910 kW
Kot process output 170006 kW
CHF efficliency eg,1 %
Plant auxiliary BE56 kW

Het heat rate (HHV) 13177 k3/kwh

Rotary Air Heater[20]:

21976 KW ; :
m e B H- Wz
il

l

KME®601 Attachment #1

Rotary Air Healer{20]: Average cold end temperature (ACET)

1066 C

21823 kW @

|
" —L%

Air Heat transter
26408 kW
o fan
Steam quality oOutlet of Steam Turbine[46]

o 0, 9642

E 86
\ gl:?:a
4881014

108926 kW

Steam Turbine[46]: Exhaust annulus area
% 1,825 m2
Steam Turbine[46]: Last siage pitch diameter

1650 mm
Steam Turbine[46]: Last stage biade length
352,1 mm
Steam Turbine[4€): Exhaust annulus velocity
— 97,24 mis

=~

bl

District heat supply - DH return: Temperature

90 ¢ DHZ: Heat transfer a5 c
85157 kW

DH1 Heat transfar
84851 kW

Total District heat
170006 kW

Appendix 8LV0.2 ii 100MWe Virgin Biomass 140 bar 540/540C reheat
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EE]E‘H
BSNE
m.guu Air preheater

L Fan

- B -

2 KW

Ambient pressure

Ambient temperature

Gross power

Gross electric efficiency (LHV)
Gross heat rate(LEV)

Het power

Net electric efficiency (LHV)
Het heat rate(LHV)

Met fuel input (LHV)

Wet process output

CHP efficiency

Plant auxiliary

Net heat rate(HHV)

Fuel Moisture 45%

Air Heat transfer
2396 kW

1,013 bar

15 ¢

117228 W
37,35 &

9639 kJ/kiWh
107772 kW
34,34 %
10484 kJ/kWh
J13B6E kW
170001 kW
88,5 %

9456 ki
12550 kJ/kWh

Appendix 9 LV1 100MWe Virgin Biomass 175 bar 570/570C reheat

i
268.5 kW

District heat supply

¥O fan Steam quality outlet of Steam Turbine([46]

0, 9684
lim)ag
& :’l'a' M2z

117228 kW

DH1 Heat transfor
82957 kW “ - DH return: Temperature

%0 ¢ DHZ: Heat transfer asc
BT045 kW

Total District heat
170001 kW
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SH panol walls

Rotary Air Healer[2]: Average cold end temperalure (ACET) 1064 G
Potary Alr Heater2]; Air heatar heal ransler  Rotary Air Healer2]: Air path cold end leakage 3%

16913 KW Rotary Air Healer[2]: Air path hol end leakage 3%

T .-

-
i 10 fan
L miire
T[T ! E 1822 80

Air h

=

i g ”W T

=
e
82 FGRC fan

LAER I a2
W Air heater: Heat tranafer

iﬁ 2624,7 kW
) fan
Steam Turbina[25]: Exhaust annulus area

L
q 0 ﬁg‘“
LU H $ ,,% Stoam Turbin[25]: Exhaust annulus veloity

Ambient pressure

Ambient temperature

Gross powsr

Gross electric efficiency (LHV)
Gross heat rate (LHV)

Hot power

Mot elactric efficiency(LHV)
Nat haat rate (LHV)

Net fuel input (LHV)

Het process sutput

CHP efficiency

Plant auxiliary

Wet heat rate (HEV)

s 8w Stoam Turbina[25]: Last stage pitch diameter
Stoam Turbine[25]: Last stage blade length

100341 kW

Staam quality
08719

DH1:haat transfer
84843 kW

33

1825 m'2
99,51 m's
1650 mm

352 mm

1,013 bar

15 ¢

109341 kW
35,72 %
10079 k/kWh
100609 kW
32,86
10954 kJ/kWh
306135 kW
169999 kW
88,4 4

8732 kN
13112 kJ/kWh

Appendix 10 LV1.0 100MWe Virgin Biomass 175 bar 570C

District heat supply
%0 c DH2: heat transfer
85153 kW

Total District heat
169999 kW

DH roturn: Temparaturs
4sc
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Ambient pressure

Ambient temperature

Gross power

Gross electric efficiency (LHV)
Gress heat rate (LHV)

Hat powar

Het electric efficiency (LHV)
Mot heat rate (LHV)

Het fuel input (LHV)

Hat process cutput

CHP efficiency

Plant auxiliary

Mot heat rate (HHV)

KME®601 Attachment #1

Rotary Alr Heatar[2): Average cold end lemperature (ACET) 1064 C

Rotary Air Haater[2]: Air heater heat ransfer  Rotary A Heater[2]: Air path cold end leakage
Rotary Air Heater|2]: Air path hot end leakage

17057 kW

3%
3%

¢ L Jl".:] é'?[d a4

— &
1 fan
1 mlE\u
TR T W
|nu'm|;m e
Air preheater -
m

HS&

L3 FGRC fan
T oammw E
Air heater: Heat transfor

| Ll:giw: 4*%* ot

o
]

3

9163% 91.04% sosen

{ ol

1

1
—
a2

Steam Turbina{25]: Exhaust annulus area 1,825 m*2
Steam Turbine[25]: Exhaust annulus velocity 99,54 mis
Steam Turbine{25]: Last stage péich diamater 1650 mm
Steam Turbinef25]: Last stage blade length 352 mm

PIETE KW

Stoam quality
08765

)

1,013 bar

15 ¢

111575 kW

36,14 %

9962 kJ/kWh
102690 kW

33,26 %

10823 kJ/kWh
308739 kW
169996 kW

88,32 %
BBES kW

12956 kJ/kWh

P

L

District heat supply

Appendix 11 LV1.0.1 100MWe Virgin Biomass 175 bar 585C FW 227 C

@0 c

L4

TV

DH1:heat transfer

84842 kW
DH return: Temparature
DHZ2: heat transfer 45 c
85152 kW

Total District heat
169996 kW
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SH panel walls

[Rotary Alr Heater[2]: Average coid end temperature (ACET) 1057 C

Clre{l

24885 kW Ratary Air Heater]2]: Air path hot and leakaga

L &

Ambient pressure

Ambient temperature

Gross power

Gross electric efficiency (LEV)
Gross heat rate (LHV)

Hat powser

Mot electric efficiency(LEV)
et heat rate (LHV)

Wot fuel input (LHV)

Mot process output

CHP efficiancy

Plant auxiliary

Nat haat rate (HEV

Fotary Air Healer(2]: Air heater heat transfer  Rotary Air Heater|2): Air path cold and leakage

35

3%
3%

Steam Turbina{25); Exhaust annulus area 1,797 m*2
Steam Turbina[25): Exhaust annulus velocty 101 m/s
Steam Turbina{25): Last stage piich diamater 1423,6 mm
Steam Turbina[25): Lasi stage blade length 4019 mm

112609 kW

Steam quality
08768

District heat supply

1,013 bar e

15 ¢

112690 kW
36,37 %

9B99 kd/KWh
103603 kW
33,43 %
10768 kJ/kWh
309838 kW
169982 kW
8e,28 &
B0%E kW
12850 kJ/lWh

Appendix 12 LV1.0.2 100MWe Virgin Biomass 175 bar 585C FW 265C

;"

DHl:heat transfer

B4B3IT kW
DH return: Temperature
DH2: heat transfer L
B5145 kW

Total District heat
169982 kW
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SH panal walls

Rlotary Air Averaga cold end (ACET)  1057C

Rotary Air HﬂaMIE}tM heatar haat transler  Fotary Air Healer|2]: Alr path coid end leakage
Fiotary Alr Heatar2]: Alr path hot end leakage

%
3%

i = ‘?ﬁﬂ_ e

§ 10 fas
1 gz
R ] iR E 1IN
Air preheater |
[
~ 152476 kW i 1
L 4 1 | i rm =
-] FGRC fan
45% Fuel —
Moister T o 2|
07 Air heater: Heat transfer
1 2642,1 kW
a—e ™o fan
Wi % ‘_E'“
= .
o yaossaw 1 B0
4000 KW

Ambient pressure

A=mbient temperature

Gross power

Gross electric efficiency (LHV)
Gross heat rate (LHV)

Hot power

Rot electric efficiency (LHV)
Het heat rate|LHV)

Mot fual input LRV}

Hot process cutput

CHP efficiancy

Plant auxiliazy

Het heat rate (HHV)

LY 9139 %

District heat supply
20 c

1,013 bar
15 ¢

114582 kW
36,78 %

97389 kJ/kWh
105350 kW
33,81 %
10647 kJ/kWh
311574 kW
169993 kW
88,37 &

9231 kW
12744 kJ/kih

Appendix 13 LV1.0.3 100MWe Virgin Biomass 175 bar 600C FW 265C.rev.

£
—
=

Steam Turbine[25]: Exhaust anmulus area
Steam Turbine[25]: Exhaust anmuls velocity
Steam Turbine[25]: Last stage pitch dkameter
Steam Turbine[25]: Las! stage blade langth

—

DH1:heat transfer
84835 kW

36

1,798 m*2
101 ms
14237 mm
4019 mm

DH return: Temperature

DHZ: heat transfer
85150 kW

Total District heat
1695993 kW

45 C
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Rotary Air Heater|20]: Average cold end temperature (ACET)

1068C

me Ar ?halﬂ‘[zﬂ]: 04 4511 1D Fam
26164 kW —EH‘@"?W‘ i 4@.&@.
; :

waterwall 75186 KW
Fuel Moister 45%

Ambient pressure 1,013 bar
Ambient temperature 15 ¢

Gross power 123024 kW
Gross electric efficiency (LHEV) 38,21 %
Gross heat rate (LHV) 9421 kJ/kWh
Het power 113101 kW
Mot electric efficiency (LHV) 35,13 %

Kot heat rate (LHV) 10247 k3/kwh
Hat fuel input (LHV) 321935 kN
Mot process output 170033 kW
CHP efficiency 87,95 %
Plant auxiliary 9523 kW

Ket heat rate (HHV) 12266 kJ/kWh

— B 21662 KW

4 L Air Heal transter
. g‘ 27586 kW

O fan

- ﬁ ea'\'al
o , nl:?:u
Ea

District heat supply
s c

Appendix 14 LV3.1 100MWe Virgin Biomass 190 bar 600/600C reheat

e [ H————,

Steam quality oCutlet of Steam Turbine[46]
0, 9738

123024 kW

Steam Turbine[46]: Exhaust annulus area
1,825 m"2

£ Steam Turbine[46]: Last stage pitch diameter

88,13 % 1650 mm
Steam Turbine[46]: Last stage blade length

352,1 mm

Steam Turbine{46]: Exhaust annulus velocity
97,22 m's

et ‘d?yﬁ'
DH1 Heat transfer

5
B4B62 kW - DH return: Temparature

DH2: Heat transfer 45 ¢
85170 kW

Total District heat
170033 kW
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E
43728 KW LB ke

Il 3 el
r o

11
e "
SHZ:
e 31776 K
B1610 kW 4

walerwall 98601 KW

Fusl Moister 45% i -

= .

Steam quality oOutlet of Steam Turbine[46]

ANTE W
| =

Ambient pressure

Amblent temperature

Gross power

Gross electric efficiency (LEV)
Gress heat rate (LHV)

Not power

Mot electric efficiency (LHV)
Mot heat rate{LEV)

Wat fuel input (LHV)

Hot process cutput

CiP efficioncy

Plant auxiliary

Mot heat rate{HHV)

0,9738

121582 kW

Steam Turbine{46): Exhaust annulus area
1E25m'2

Stoam Turbine{48]: Last stago pitch diamotar

1650 mm
Stoam Turbine[46]: Last stage blade length

1 mm

‘Steam Turbina[46]): Exhaust annulus velocity
'y 9727 m's

88,13 %

£
DH1 Heat transfer
B4900 kW a

District heat supply - DH return: Temperature
1,08 bx 89,97 ¢ DH2: Heat transfer e

Ase 85115 K

121582 W
37,95 4

9467 KI/kNh
111954 kW
34,94 %
10303 k3/kWH
320411 kW
170014 kW
88 &

9628 KW
12333 kJ/kWD

Total District heat
170014 kW

Appendix 15LV11.4.2 i 100MWe Virgin Biomass 175 bar 600 C Reheat 45 bar 600 C
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SH panel walls

FRotary Air Heater[20}: - e
25945 KW X 11 then
—#ﬂru i
N N
& Lo F8y m’u‘ !‘l—:— |
= —
— & 2018 kW «

%%;‘w?m—

e
B Air Heat transfer
2735.1 kW
] D fan

walorwall 99456 KW 'Bl
Fual Moister 45%

Steam quality Outlet of Steam Turbine[46]

E -+ ‘;I 0,9738

120455 kW

Steam Turbine{46]: Exhaust annulus area
1,825 m'2
Steam Turbine[45]: Last stage pitch diamater

% 1650 mm
Stoam Turbine[46]: Last siage blade length
352,1 mm
Steam Turbine[46]: Exhaust annulus valocity
1 7.2 m's

it

- DH return: Temparature

2915
DHl Heat transfer
84855 kW

District heat supply

Amblent pressurae 90 € DHZ: Weat transfer 45 c
Ambient temparature 85162 kW
Gross power 120455 kW

Gross electric efficlency (LEV) 37,73 %

Gross heat rate (LHV) 9541 kJ/kWh il
Hot power 110882 kW LIDGLE BN

Hot slectric efficiency(LiV) 2,73 %

Mat heat rate(LHV) 10365 kJ/kWh

ot fuel input(LREV) 319254 kW

Mot process output 170016 kW

CHP efficiancy 87,99 %

Plant auxiliary F573 kW

Wot heat rate (HHV) 12407 kJ/kWh

Appendix 16LV11.4.3.1 i 100MWe Virgin Biomass 175 bar 585 C Reheat 45 bar 600 C
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5H panel walls

li E. 0? -

Rotary Air Heatarf20f B
25832 kW -v'vgn‘f- 1gutly

L Y
L _—ul m‘n‘ 84—
B -
20 LW 2

Fuel Moister 45%

102648 kW

Steam quality Outlet of Steam Turbine([46]

Anbiant pressura
Ambient temperature
Gross power

Gross electric efficiency (LHV)

Gross heat rate(LHV)
Neot power

Mot electric efficiency (LHV)

Mot heat rate(LHV)
Net fusl input (LEV)
Net process cutput
CHF afficiency
Plant auxiliary
Net heat rate (HAV)

B
F=T | 0, 9664

119350 kW

Steam Turbine{46]: Exhaust annulus area

1,825 m*2
Steam Turbine{45): Last stage pitch diameter
1650 mm
Steam Turbine[46]: Last stage blade length
3521 mm
Steam Turbine[46}: Exhaust annulus velocity
721 mis
s ﬁ?ﬁ"
DAl Heat transfer
District heat supply L - DH return: Temperature
1,013 bar %0 ¢ DH2: Heat transfer s
isc 85154 kW
119350 kW
:;;:5k;;m Total District heat
109763 kW 170001 kW
34,53 4
10425 kJ/kWh
317845 kW
170001 kW
88,02 %
9588 kW
12478 kJ/kWh

Appendix 17LV11.4.4.1 i 100MWe Virgin Biomass 175 bar 585 C Reheat 45 bar 580 C



SH panal walls

KMEG601 Attachment #1

Rotary Air Heater[20]: Average cold end temperature (AGET)
1066C

Rotary Air Heater[20]:

- - T ronjisey
25861 kW TN AT

i

L e |

Lgre B -

waterwall

Asbient pressure

Ambiont temperature

Gross power

Gross electric efficiency(LHV)
Gross heat rate(LHEV)

Hat power

Mot electric efficiency(LHV)
Mot heat rate (LEV)

Kot fuel input (LHV)

Het process output

CHE efficiency

Plant auxiliacy

Hat heat rata (HHV)

Appendix 18 LV4.5.1 100MWe Virgin Biomass 175 bar 585 C Reheat 45 bar 585 C

101856 kW

Fuel Moister 45%

1]

1,013 bar
15 ©

119625 kW
37,59 %

95TE kJ/kWh
110042 kW
34,58 %
10410 kJ/kWh
31E202 kW
170007 kW
58,01 %

G583 kW
12461 kJ/kWh

fols] ol

gE

= 20155 W

bistrict heat supply
90 ¢

Steam quality oOutlet of Steam Turbine[46]
0, 9683

119625 kW

Steam Turbine]46]: Exhaust annulus area
1,825 m*2
Steam Turbine|48]: Last stage pitch diamater
1650 mm
Steam Turbine{45]: Last stage blade length
352,1 mm
Steam Turbina45]: Exhaust annulus velocity
¥ 97.21 m's

£
DH1 Heat transfer
B4BS0 kW - = DH return: Temperaturd
DHZ: Heat transfer se

85157 kW

Total District heat
170007 kW
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SR pansl walls Flotary Air Heater|2]: Average cold end temperature (ACET)

y 10858 C ! -
- —.,% " i Ratary Air Hoatoe2): Al path cold end leakage 3%
Flotary N HosrR]: N hostor hostaSIer oy A Htoz]: A pah hot ondlobkage 3%
! L g [
| | Y | = \onrfims
| | A ) —5';". 7]
¥ o [ Eod e
-0 L
) i fan &

Ambient pressure
Ambient temperature
Gross powar

Gress slectric efficliency(LHV)
Gross heat rate(LifV)

Hot power

Wat electric efficiancy(LEV)
Mot heat rate (LEV)

Mot fusl input (LIOV)

Mot process cutput

CHP efficiency

Plant auxiliary

Wet heat rate (REV)

2|
| Alr heater: Heat transfer

6,560 m*2
1626 mis
25298 mm
826.6 mm

393N
9143 kJ/kWh
105598 kW
36,16 v
B985 kJ/kWh
292008 kW

0 kW

36,16 v
#3811 kW
11916 kJ/kWh

Appendix 19LV9 1i Benchmark 100MWe Virgin Biomass 140 bar 540 C Air Cooled Condenser
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SH panal walls

Ambient pressure

Ambient temperature

Gross power

Gross slactric afficiency (LEV)
Gross heat rate(LHV)

Wet power

Mot electric efficiency (LHV)
Nat heat rate (LHV}

Wet fuel input (LEV)

Net process cutput

CHP efficiency

Plant auxiliary

Wet heat rate (HEV)

e
1,013 bar %'

15 ¢

119430 ki
40,92 %
2798 ka/kwh
111395 kW
38,15 %
9437 kJ/kWh
292008 kW
o kW

38,15 %
BO95 kW
11296 kJ/kWh

i

KMEG601 Attachment #1

Fiotary Air Heater|2]: Average cold end temperature (ACET)

1066C . 5
" T Rotary Air Heater[2]: Air path cold end leakage 3%
Rotary Air Moﬁl‘:; heater haat transler Flotary Air Hoater(2]: Air 2%

Loy
T TELS

Ly

a2

Air preheater

—s

L3 FGRC fan

Air heatar: Heat tranafar
2503,3 kW

42 g."m"

o ofan

P g

11041 K

5%

NET % 85,45 %

e ()

Appendix 20 LV9.2 100MWe Virgin Biomass 140 bar 540 C Water Cooled Condenser OTC

Steam Turbine{25]: Exhaust annulus area
Steam Turbine{25]: Exhaust annulus valocity
Steam Turbine{25): Last stage pitch diameter
Steam Turbine{25];: Last stage blade length

119490 kW

Condenser heat rejection (per unit)
146198 kW

12m2
221 mis
3500 mm
1091,3 mm
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M panel walls

AT e

ml T ]

ook
&

Ambient pressure

Ambient temperature

Gross power

Gross slectric efficiency (LEV)
Gross heat rate(LEV)

Hat powsr

et elestric afficiency(LNV)
Met haat rate (LHV)

et fuel input (LaV)

Mat process sutpat

CHF efficiency

Plant auxiliary

Wat heat rate (HHV}

1,013 bar
s c
144368 k.
41,01 v
BTTT k3 kb
134676 kN
38,26 v

F409 kI kW
351993 kw

o kM

38,26 v

9691 kv
11263 kJ/kWh

KME®601 Attachment #1

Riotary Air : Average cokd (ACET)

B —

1=
L
v

108,9C & "
. ‘ Rotary Air Healer2): Air path cold end loakage 3%
Mumuﬂz}.mmmum i nir b 2} A path 1 1 loh am

™ tan
.
‘ ‘20081 W

Air prebeater
=—8 ]
L
FGRC fan [

£

x|

W Air heater: Heat transfer
L 3018 kW
) e Stoam Turbino{25]: Exhaust annuhs aroa 18m2
‘-@Hr. q .,_w%_'_ Sieam Tubine{25); Exhaust annuhs valocly 2123 m's
e o B Stoam Turbine[25]; Last stage pach diameter 4000 mm

Stoam Tutbine{25]: Last stage blade length 11836 mm

Appendix 21LV9.3.1 i 150MWe Virgin Biomass 140 bar 540C Water Cooled Condenser
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KMEG601 Attachment #1

ﬁl-

" Condenser heat rejection

e ] B e e

Appendix 22LV10 Net fuel input 292 MW 190 bar 600 C RH 45bar 600C Air Cooled Condenser

141041 kW
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KMEG601 Attachment #1

) 1ol
o/, - ﬁm‘
e Air heater: Heat transfer
22291 W o fa
| |
= g 1
s o 1
lllll W

130171 kW

I

L 1

=
[~
] +*-‘1

e
Asbient pressure 1,012 bar
Asbisnt tesperature 15 ¢
Grean powsr 130171 kst
Gross electric efficienay (LEV) 44,50
Gross haat rate (LEV) BO76 kJ/EWh
et powes 121068 ke
Nat slectric -({iui-mr[m] 41,86 &
Kat heat zate (LEV) Q68 kJ/kNh
Ret fuel input{LEV) 292005 kW
Het process cutput o
CHE efficiency 41,46 3
Plant sueiliary 103 kW
Het heat rate[MIOV) 10393 ka/kwh

Appendix 23LV10.1.1 i Net fuel input 292 MW 190 bar 600 C RH 45bar 600C Water Cooled Condenser
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KME®601 Attachment #1

SH panel walls

Fotary Air Heater]20]:

Rotary Air Heater{20]: Average cold end temperature (ACET)
1078C

| Fuel Melster 453
| Kingenbeg Frschhos:

5 T Air Heater: Total heat transfer
@_ 4225 kW

‘ %\3‘;&8"—&—& ™ fan
1,056 £3 63
R

PA fan

-]

Steam quality oOutlet of Steam Turbine[46]
0,8918

Exhaust annulus area x2
7217 m*2

Last stage blade length

[— BE;| 5
[

Ambient pressure 1,013 bar '@lﬁ'

Ambiont temparatura 5 ¢

Gross power 1643599 kW

Gross electric efficiency(LHV) 45,91 %

Gross heat rate(LHV) 7841 kJ/kWh

Hat power 150010 kW

Het electric efficiency(LHV) 41,89 %

Wet heat rate (LHV) 8593 kJ/kWh

Mot fuel input (LHV) 358067 kW

Kot process output o kW

CHF efficiency 41,89 %

Plant auxiliary 14389 kW

Het heat ratae(HHV) 10286 kJ/kWh

Appendix 24LV12.4.2 i 150 MWe 260 bar 600 C RH 45bar 600C Water Cooled Condenser
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]

e

]

19309
]

- %

Asbient pressure

Ambient temperatura

Gross power

Gross electric efficiency(LRV)
Cross heat rate(LHV)

Nat power

Hot electric efficiency (LEV)
Met heat rate (LHV)

Net fuel input (LEV)

Net process cutput

CHF efficiency

Plant auxiliary

Net heat rate (HHV)

5H panel walls

g e £~ L

1n

z.un".'% w0

Fuel: Weight percent of Maisture
346%

89,28 %

1,013 bar

15 ¢

66629 kKW
31,57 &
11401 kJ/kWh
61150 kW

29 %

12415 kJ/kWh
211019 kW
125193 kW
88,33 %

5435 kW
14275 kJ/kWh

Im\"i'm‘ 1mv - |EE ‘I iﬁil'i
i |

@?%

Air preheater

ZI

i—

. xocfi
l: ¥ ]S] lnsnk\dﬂlsazswxj 3oe|smi 27806 kW
=i 8926 kW o : 3

4
a—f
H 58
&2 FGRC fan
£8,90 W

KMEG601 Attachment #1

W%ﬂ..
1184]188 7%

T x
1o fan

L 8
il

IJ_:IEHEI“DEI

T a
@ Air heater: Heat
1588,7 kW

transfer

voifirey
118A[1707

a

-

District heat supply
80,07 C

DH1:heat transfer !

61128 kW -

DH2: heat transfer
E40EL kW

DH return: Temperature
45 ¢

Total District heat incl. FGC

125193 kW

Appendix 25 IW0 Benchmark 125 MW DH Wide range fuel 90bar 500CFGT 165C (420C convective steam temperature)
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SH panel walls

Air preheater

[ RE. . o R, oo om O g e PG S, i - -‘L‘“‘.‘;’; T
e (0] D | | "om e e
r o + +{ +8— LV £ ] ﬁ ¥ q C a
l 7] L: ¢ N:l Ly
19568 kW | %'%?% ] = G
ey aa-| i - | ¥ E fan o
12234 KW

1 |
B Ln = - i
R | 14382 KW_36701 kW, | 28501 W
3 1 y3ze3 kW I
- ok [ 7 |

Fuel: Weight parcent of Moisture
346%

22354 kW

=l

B Air heater: Heat transfor
1569,2 kw

5 |

3000 kW % 87011 kW

89,28 %
]
Ambient pressure 1,013 bar di‘ “1::;;;;”“: 2.
ANnlARE Samparatuce i5e DH return: Temperature
Gross power 67011 kW pistrict heat supply —
Gross electric efficioncy(LHV) 31,88 90,31 ¢ DH2: heat transfer
Gross heat rate{LHV) 11285 kJ/kWh 64224 kW
Het power 62103 kW
Met electric efficlency(LHV) 29,56 & Tetal District heat incl. FGC
Mot heat rate (LHV) 12177 kJ/kWh 125866 kW
Mot fual input (LHV) 210061 kW
Wot process output 125866 kW
CHP afficiancy 89,48 %
Plant auxiliary 4908 kW
14001 kJ/kWD

ot heat rate (HHV)

Appendix 26 IW0.1 Benchmark 125 MW DH Wide range fuel 90bar 500C FGT 150C (480C convective steam temperature)



KME®601 Attachment #1

SH panel walls

= usjim

50

- —
SRR
- Fa w
| H‘L o al T e
i T )] ] ] ML= 10 tan
= mi Air preheater
s 12715 kW
16635 KW STI2 K, 47350 k) araisa .@
: s $ 4§ 18704 kKW i3in
A asjesy |:p|

e ——F a

FGRC fan B Air heater: Heat transfer

1418 W e | 1567,9 kW
'@ ™ fan —i?—;q,‘ o

Ambient pressure 1,013 bar

Asbient temperature 15 ¢

GEoRy power. TET02: XN District heat supply
Gross electric efficiency (LHV) 34,95 & 90,42 €
Gross heat rate (LHV) 10302 kJ/kWh

Het power T0320 kW

Het electric efficiency(LHV) 32,04 %

Het heat rate (LHV) 11237 kJ/kWh

Het fuel input (LEV) 219490 kW

Mat process output 126183 kW

CHP efficiency 89,53 %

Plant auxiliary G381 kW

Mot heat rate (HEV) 12920 k3/kWh

Appendix 27 IW1.2 i 125 MW DH Wide fuel 160bar 560C

E——

e

>

Steam quality Outlet of Steam Turbinef27] 0,878

DH1:heat transfer
£1832 kW

DH return: Temperature

DHZ: heat transfer 458
64286 kW

Total Distriect heat incl. FGC
126183 kN



SH panel walls

17
: ,.?_a;: ;

o
.

17,

84,49 %

Ambient pressure

Ambient temperature

Gross power

Gross electric efficiency (LHV)
Gross heat rate(LHV)

Mot
Het
Hat
Het
Het
CHP

power

electric efficiency (LEV)
heat rate(LHV)

fuel input (LHV)

process output
efficiency

Plant auxiliary
Net heat rate (HHV)

346%

! Fuel Weight percent of Moisture

37083 kW

sroalise
T a[ae

== 1 =

25235 kW

1

KME®601 Attachment #1

Air preheater

1,013 bar
15 ¢

82681 kW
36,55 %
9848 kJ/kWh
TE2TZ kW
33,72 &
L0ETE kJ/kWh
226190 kW
12E125 kW
89,48 &
£409 kW
12276 kJ/kWh

d
s3I | &0

s
w0530

¥o fan
H e | %%%;E%Tr

82T KW

District heat supply
90,4 C

Appendix 28 IW6.2.1 125 MW DH Wide fuel 160bar 560C Reheat 33 bar 560C

Steam quality o¢utlet of Steam Turbine[46]

0,9723

82681 kW

DH1 Heat transfer
61781 kW

DH2: Heat transfer
64337 kW

Tetal District heat

126125 kW

= DH return: Temperaturs

45 €
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SH panel walls

Alr preheater

Fuol Moister 45%

. T Air Heat transter
Es”ih'lﬁﬁ"" _@: 1138,7 kW

{ 1 0 tan

£l Lglens Lo
13 Wai[ne é R
- ”ﬁ 171
L | 117
| ]

Tarminal differance

A4 B30T
11C
Drain cooler approach

53C District heat supply
hmblent pressure 1,013 bar 80 ¢
Ambient temperature s ¢
Gross powar 45595 kW
Gross electric efficiency (LHV) 33,31 %
Gross heat rate (LHV) 10808 kJ/kWh
Hat power 45414 kW
Mot electric efficiency (LHV) 30,5 %
Net heat rate(LHV) 11803 kJ/kWh
Net fuel input (LHV) 148896 kW
Hat procass output BEDO1 kW
CHF efficiency 87,59 %
Flant auxiliary 4180 kW
Hat heat rate (HRV) 14128 kJ/kWh

Appendix 29MVO0 i Benchmark 50MWe Virgin Biomass 140bar 540C FW 230C

Steam quality Outlet of Stoam Turbina(46]

H 54‘-5' Boied NOUSS &Y PG 0, 8746

49595 kW

Steam Turbine[4€]: Exhaust annulug area

? 0.8 m'2
b Steam Turbina[4&]: Last stage pitch diamatar
7797 % 1100 mm
Steam Turbine[4&]: Last stage blade length
231,5 mm
Steam Turbine[46]; Exhaust annulus velocity
261401860 1133 ms

DHI Hoat transfor

42439 kN - DH return: Temparature
2 DHZ: Heat transfer ; asc
i 42560 W H

Total District heat
85001 kW
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5H panel walls

_“‘%%L Eﬁa—'ﬂ“"w..a‘:f&T Air preheater
| jm B a “.’ﬁ:%ﬂ,— o _.#2?_
il

21137 kW

101 3

s

= =
]

12073 kW

walerwall 49726 kW

Fuel Moister 45%

e

Air Hoat transfer
3 12112 kW

D fan

—'#%ﬁ- i s |

DH1 Heat transfer

District heat supply Azoas.
Amblent pressure 1,013 bar %0 ¢ DHZ: Heat transfor
Asbient temperatura 15 ¢ 43082 kW
Gross power 58722 kW
Gross electric efficiency (LEV) 37,01 %
Gross heat rate (LHV) 9727 k3/k¥h Tokal Platzlct Imat
Net power 53970 kW BE008 kW
Mot electric efficiency(LHV) .02 %
Net heat rate (LEV) 10583 kJ/kWh
Net fuel input(LEV) 158657 kW
Nat process output BEO0E kW
CHP afficiency 88,23 %
Flant auxiliarcy 4752 kW
Nat heat rate (HHV) 12668 kJ/kWh

Appendix 30MV3 i 50MWe Virgin Biomass 175bar 600C RH 45bar 600C FW 265C

B4,46 %

53

Steam gquality oOutlet of Steam Turbine[46]

0, 9856

58722 kW

Steam Turbine{48]: Exhaust annulus area
0.8 m"2
Steam Turbine{d]: Last stage pitch diameter
1100 mm
Steam Turbine[46]: Last stage blade length
231,5 mm
Steam Turbine[46]; Exhaust annulus velocity
1116 ms

=

- DH return: Temperature
45 C



KMEG601

sH panel walls

Air preheater

=

% Air Heal transfer

1186,4 kW
M m
| U

|$5
Ti40 |

11,
P

@
gs?iug &
ST

Ambient pressure 1,013 bar
Ambient temperaturae 15 ¢

Gross power 57907 kW
Gross electric efficiency (LHV) 36,72 &
Gross heat rate (LHV) 9804 kJ/kWh
Het power 53272 kW
Mot alectric afficiancy (LHV) 33,78 &

Mot heat rate (LHV) 10657 kJ/kwh
Net fuel input (LEV) 157704 kN
Not process cutput BE001 kW
CHP efficiency 88,31 %
Plant auxiliary 4634 kW

Nat heat rate(HRV} 12757 kJ/kWh

Attachment #1

™ fan
Steam quality oOutlet of Steam Turbine[46]
18. 0.979

Steam Turbine{46]: Exhaust annulus area
0,8 m*2
Steam Turbine{46]: Last stage pitch diameter
1100 mm
Steam Turbine{46]: Last stage blade length
2315 mm
Steam Turbine[46]: Exhaust annulus velocity
. 1116 m's

DH1 Heat trln)fo:a
pistrict heat supply 42922 kW - DH raturn: Temperatura
90 c DHZ: Heat transfer 45 cC

43078 kW

Total District heat
86001 kW

Appendix 31 MV4 50MWe Virgin Biomass 175bar 585C RH 45bar 585C FW 265C
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EH panel walls

A " Sopwwed  Gotedwd  Seessd

| Al P 5 ol 7} Air praheater
)
o -g';%,—” A 0y
T ey

it 65

oarshse .
Ll 8818 KW
12627 kW
2 1,05

= —T;'t‘“:' et ﬁ—
b waterwall 58470 kKW -'3,"| —

. b \8)

. Fuol Moistar 45% ! Pl i e
MTZB KW

Steam quality oOutlet of Steam Turbine[46]

et Gl 0,8819

55435 kW

Steam Turbine[45]: Exhaust annulus area

i
) [
..3‘ o HPHE HEHI b

1 10,1 Fosa wata
Terminal differance 53] %

11C
Drain cooler approach
53C
Ambient pressure 1,013 bar
Ambient temperature 15 ¢
Gross power 55435 kN
Gross electric efficiency (LHV) 35,72 %
Gross heat rate (LEV) 10077 kJ/kwh
Het power 50671 kW
Hot electric efficiancy (LHV) 32,685 &
Net heat rate(LHV) 11025 kJ/kWh
Het fuel input (LHV) 155180 kW
Nat process sutput 5002 kW
CHP efficiency 87,43 %
Plant auxiliary ATE4 kW
Hat heat rate (HHV) 13197 kJ/kWh

Appendix 32 MV5 50MWe Virgin Biomass 175bar 600C FW 265C

H,,?,, r 082

e Steam Turbine[46]: Las! stage pitch diameter

78,5% 1100 mm

Steam Turbine[46]: Last stage blade length
231,5mm

A_Steam Turbine[46]: Exhaust annulus velocity

-’ 133 m's

(4af &
1808|008
HEEIE5F

DH1 Heat transfar

42440 kW

District heat supply - DH return: Temperature
90 ¢ 2 DH2: Heat transfer i e
g 42561 kW z

Total District heat
85002 kW
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SH panel walls
T, 3 Bopee  Bopiel B b
! B (o] -E'Eﬁ‘éz‘

4 53 5 l Air preheater

NP SR
il
12553 kW
q—'—ﬂ: g Tﬁﬁ«_
waterwall 61333 kW E“] —
Fuel Moister 454 LA
[ -] b Air Heat transfer
s | BE e

1787] l

8,16% B

(3 _‘35?%@3 m HPH1 : Fun‘e;;
Terminal difforance 0o T 106 rns
B

53C
Ambient pressure 1,013 bar
Ambient temperature 15 ¢
Gross power 54685 kW
Gross electric efficiency (LHV) 35,45 %
Gross heat rate(LHV) 10156 kJ/kwWh
Rat powar 49892 kW
Mot electric efficiency(LHV) 32,34 %
Mot heat rate(LHV) 11132 kJ/kWh
Hot fuel input (LHV) 154271 kW
Net process output 84999 kW
CHP efficiency 87,44 &
Plant auxiliary 4793 kW
Mot heat rate (HHV) 13325 kJ/kWh

Appendix 33 MV6 50MWe Virgin Biomass 175bar 585C FW 265C

o fan

Steam quality oOutlet of Steam Turbine[46]
B"‘Immn-m 0,B756

.
1onafas
w178
1 sﬁ‘ Ty
& | |l|§u?|
Iy 2

54685 kW

Steam Turbine{4]: Exhaust annulus area
0.8 m2
Steam Turbine{4&]: Last stage pitch diameter

78,04 % 1100 mm
Steam Turbine[48]: Last stage blada length
231,5 mm
Steam Turbine[46]: Exhaust annulus velocity
T 1133 m's
Lmilran a
e ELIE T
DH1 Heat txlm!ors
District heat supply 42438 kW - DH return: Temperatura
%0 C 2 DHZ: Heat transfer ; 45 c

§ 42560 kw :

Total District heat
84999 kW
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SH panel walls

= HE

B w1

Air proheataer

, Em
R
7

] 10 Fan
'FETF—: 1oafusag
FREI|TETA
T

1oglises
BEE3[161.4

¥
—
42

waterwall 58290 kW

Fuel Moister 45%

-]

iﬁ'i'
(a | __;,ﬁ. iz
7

.3‘.

5ac District heat supply
Ambient pressure 1,013 bar %0 ¢ g
Ambient temperatura 15 ¢ i
Gross powar 53562 kW
Gross electric efficiency (LHV) 34,98 %
Gross heat rate(LHV) 10291 kJ/kwWh
Kot power 49029 kW
Het electric efficiency(LHV) 32,02 %
Het heat rate(LHV) 11243 kJ/kwh
Mot fual input (LHV) 153115 kW
Hot process cutput 84998 kW
CHP afficiancy 87,83 %
Plant auxiliary 4532 kw
Mot heat rate(HHV) 13457 kJ/kWh

Appendix 34 MV6 50MWe Virgin Biomass 175bar 585C FW 230C

Steam quality oOutlet of Steam Turbine[4§]
0, 8761

53562 kW

Steam Turbine{46]: Exhaust annulus area
i 0.8 m*2
- Steam Turbine46); Last stage pitch diameter

1100 mm
Steam Turbine[48): Last stage blade length
231,5 mm
3 Steam Turbine(46]: Exhaust annulus velocity
1M33ms

DH1 Hoat transfor

42440 kW - DH return: Temporature
DH2: Heat transfer i i5 ¢
42559 kW i

Total District heat
84998 kW
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SH panel walls

KMEG601 Attachment #1

Ambient pressure

Ambient temperature

Cross power

Gross electric efficiency (LHV)
Gross heat rate (LHV)

Het power

Met electric efficiency(LHV)
Het heat rate (LHV)

Het fuel input (LHV)

Het process output

CHP efficiency

Plant auxiliary

Het heat rate (HHV)

Air preheater

B0
Fuel: Weight percent of Moisture _a%_‘“l

34,6 %

1,013 bar
s c

46920 kW
31,06 %
11580 kJ/kWh
43215 kW
28,61 %
12583 kJ/kih
151056 kW
89959 kW
88,16 %

3704 kW
14612 kJ/kWh

+—a3 m
| s
0
Evaporator
JEES! 6757 kW
S kW 12754 kKW
o] &
1.001]1%3,
79,08 130,8
g
o
o 3 )
4553} &2 FGRC fan
F i Iy r 1,192 KW

»
|,g£iigs
7100|108

<+ &

L [ie]
woa[1388  _1malie0s
; 5,06 [ 150,7
9 | &4
1 - ‘q =
D fan

1080.5 kW

0 Air heater: Heat transfer
1270 kW

T 30.._

District heat supply
90,07 C

Appendix 35 MWO0.2 50MWe Wide fuel range 90bar 500C FW 230C

3

46920 kW

DH1:heat transfar .J
44924 kW -

DH return: Temperature

DHZ: heat transfer
45031 kW

Total District heat incl. FGC
89959 kW
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SH panel walls
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Ambient pressure

Ambient temperature

Gross powar

Gross electric efficiency(LHV)
Gross heat rate (LHV)

Net power

Bot electric efficiency(LHV)
Mot heat rate (LHV)

Mot fuel input (LHV)

et process ocutput

CHF efficiency

Plant auxiliary

Het heat rate (HHV)

346%

1,013 bar
i5¢

54022 kW
34,33 4
10486 kJ/kih
50110 kW
31,38 %
11472 k3/kWh
159686 kW
20184 kW
87,86 %

4712 kW
13322 kJ/kWh
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Fust; Weight percent of Moisture . **
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Air preheater

a211 kW
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@  FGRC fan
I amrzaw

KME®601 Attachment #1

™ fan 1o
1107.1 kW -
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2
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@ Air heater: Heat transfer
1285,5 kW
1oa[
"o fan TH 80
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| == "‘5'
m— 30 652,14
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District heat supply

90,03 C

Appendix 36 MW1.2.2 50MWe Wide fuel range 160bar 560C FW 230C

-

DHl:heat transfer
44018 kW

DHZ: heat transfer
46165 kW

90184 kW

DH return: Temperature
45 C

Tetal District heat incl. FGC

59



KME®601 Attachment #1

5H panel walls

Air preheater

Steam quality Turbine exhaust
ogar1

59123 kW

DH return: Temperature
45 C

Ambient pressure 1,013 bar

Ambient temperature 15 ¢

Gross power 59123 kW

Gross electric efficiency (LHV) 35,6 %

Gross heat rate (LHV) 10112 kJ/kWh wmh:atm
Net power 54084 kW 0026 10
Net electric efficiency(LEV) 32,57 %

Net heat rate (LHV) 11054 kJ/kWh

Wet fuel input (LHV) 166074 kW

Net process cutput 89928 kW

CHP efficiency 86,72 %

Plant auxiliary 5035 kW

Net heat rate (HHV) 12711 kJ/kWh

Appendix 37 MW6.2.3 50MWe Wide fuel range 160bar 560C RH 46bar FW 230C
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KME®601 Attachment #1

r Air preheater

=]
e g o By

T |
T - i)
a0 ™ o L,-|-.
gl S
AARS W @

4448 kW

Steam quality oCutlet of Steam Turbine[46]
0,8756

25816 kW

Stpam Turbine{46]: Exhaust annulus area
045m*2
Steam Turbine[46]: Last stage pilch diamater

700 mm
Stoam Turbine(46]: Last stage blada length

[2]
T[T

53C District heat supply 22459 XN - DH return: Temperature
Asbient pressure 1,013 bar a0 c DH2: Heat tranafer i s
Ambiont temperature 5 c g 22539 kW T
Gress pewer 25816 kW e
Gross electric efficiency(LHV) 32,88 &
Grosa heat rate(Li) 10949 k3/kn Roral Ipaxeier Daxe
Het power 23654 kN 44998 kW
Het electric efficiency (LHV) 30,13 &
Kot heat rate(LHV} 11950 kJ/kiWh
Het fuel input (LEV) 78519 kN
Hot process sutput 44598 kW
CHP efficiency 87,43 %
Flant auxiliary 2161,9 kW
Het heat rate (HHV) 14304 kJ/kWh

Appendix 38 SV0 25MWe Virgin fuels 140bar 540 FW 227C
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KME®601 Attachment #1

SH panel walls

B wal  Gdpaes w4 el

Air preheater

e 1 Fan
B wWET SERpaE oy
- A 08|

| 7 e il

5 3

Ambient pressure

Ambient temparature

Gross power

Gross electric efficiency (LHV)
Gross heat rate (LHV)

Hat power

Het electric efficiency(LHV)
Mot heat rate(LHV)

Het fuel input (LHV)

Net process cutput

CHP efficiency

Plant auxiliary

Het heat rate (HHV)

Q.‘:'ne!.m
i 447 2 kW
5786 kW
=
1 u 11100
e 102 51068
1 |‘EJ
e 1" Air Heat transfer
g 589.2 kW
I 1 o fan
5.

5 ;‘qlslmmtmﬁv

District heat supply
1,013 bar 90 C 2
15 ¢ é
27792 kW

34,54

10435 kJ/kWh

25308 kW

31,42 %

11459 kJ/kWh

BOS57 kW

44993 kW

87,27 %

2484, 8 kW

13717 kJ/kWh

Appendix 39 SV1 25MWe Virgin fuels 175bar 570 FW 250C

=
R

Steam quality Outlet of Steam Turbine[46]
0,8725

27792 kW

Steam Turbine{46]: Exhaust annulus area
0,45 m*2

Steam Turbine[46]: Last stage pitch diameter

78,54 % 700 mm

Steam Turbine{46]: Last stage blade length
204,6 mm

Steam Turbine[46]: Exhaust annulus velocity

1056 m's

5]

- DH return: Temperature
45 C

DH1 Heat transfer
22456 kW

DH2: Heat transfer

£
22537 kW Z
a

Total District heat
44993 kW
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Anbient pressure

Ambient temperature

Gross power

Gross electric efficiency(LHV)
Gross heat rate (LHV)

Kot power

ot electric efficiency (LHV)
Het heat rate (LHV)

Het fuel input (LHV)

Het process sutput

CHP efficiency

Plant auxiliary

Mot heat rate (HHV)

1,013 bar

5 ¢

24870 kW
30,25 %
11899 kJ/kWh
22820 kW
27,76 %
12968 kJ/kWh
82205 kW
50048 kW
28,64 %
2050 kW
14912 kJ/kWh

&
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Air preheater

KMEG601 Attachment #1

05140150 8
CAHET) 1oz
7 SBAT[150,1
s i3 B
|‘||' N & E L »F

L=y
10 fan

548.9 kW
1508
o

m
Air heater: Heat transfer
619,4 kW

86,12 %

105
waaafisiy
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—
a2

24870 kW

- b

-

District heat supply
90,04 C

Appendix 40 SWO0 25MWe Wide range fuels 90bar 500 FW 210C

DH1:heat transfer .

24986 kW -

DHZ: hoat transfer
25061 kW

DH return:

Temperature

5 C

Total District heat incl. FGC

50048 kW
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SH panel walls

N o= Air preheater
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Ambient pressure

Ambient temperatura

Gross power

Gross electric efficiency (LHV)
Gross heat rate (LHV)

Het power

Het electric efficiency (LHV)
Net heat rate(LHV)

Het fuel input (LHV)

Net process output

CHP efficiency

Plant auxiliary

Het heat rate(HHV)

1,013 bar

15 ¢

29815 kW
33,87 &
10629 kd/kWh
26019 kW
30,58 %
11773 kd/kWh
88028 kW
50033 kW
87,42 %
2896,3 kW
13671 kJ/kWh

-
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-

District heat supply

Appendix 41 SW1 25MWe Wide range fuels 160bar 560 FW 250C

90,03

DH1:heat transfer .
24936 kW -

DHZ: heat transfer
25046 kW

Total District heat inecl. FGC
50033 kW

DH return: Temparature
45 C
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1 DELIVERY LIMITS AND SCOPE OF SUPPLY

1.1 Delivery limits
1.1.1 Mechanical and process

For the in- and outgoing pipes and ducts the general delivery limit at the boiler house
wall is one (1) meter outside of the boiler house wall column line at the pipe bridge
elevation of four (4) meters.

For the pipes and ducts ending to the roof the delivery limit is three (3) meters above
the roof.

For drains to sewers/effluent canals etc. the delivery limit is ground floor + 0.000 m in
the boiler house.

The piping connections on the delivery limits are not included in the scope.

1.1.1.1 Inlets

Value
Feedwater One (1) meter outside the boiler house wall column line
Demineralised water One (1) meter outside the boiler house wall column line
Condensate One (1) meter outside the boiler house wall column line
Biofuel Fuel silo inlet above the silo

Combustion air

Inlets of suction duct(s) in the boiler building

Make-up sand

inlet of silo pneumatic filling pipe

Ammonia solution

Inlet of storage tank filling pipe

Light fuel oil

Inlet of day tank

Ignition gas

Gas bottle outlets at the boiler house wall. Bottles are not included

Medium pressure steam

One (1) meter outside the boiler house wall column line
MP steam to HP preheahers not in Metso’s scope

Low pressure steam

One (1) meter outside the boiler house wall column line

Cooling water

One (1) meter outside the boiler house wall column line

Fire water

One (1) meter outside the boiler house wall column line

Chemical dosing

The filling connection of the chemical tanks

Potable water

One (1) meter outside the boiler house wall column line

Sealing water

One (1) meter outside the boiler house wall column line

Instrument air

One (1) meter outside the boiler house wall column line

Pressurized air

One (1) meter outside the boiler house wall column line

Glycgol-water mixture in

One (1) meter outside the boiler house wall column line

© Metso 2011
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Preliminary for pricing

Value
Main steam Main steam stop valve
Sampling at the inlet of sewer connection
Boiler vents Outlet of vent steam pipe on the roof
Boiler drains Blowdown tank drain pipe, at the inlet of sewer connection

Start-up valves

Silencer outlet

Main steam safety valves

Silencer outlet

Sootblowing steam safety
valve

Silencer outlet

Cooling water

Return piping at 1 m outside boiler house wall column line

Steam condensates

One (1) meter outside the boiler house wall column line
Condensate from HP preheaters: at feedwater tank

Flue gas Stack outlet
Fly ash Discharging equipment of fly ash silo
Bottom ash Bottom ash containers

Light fuel oil return

One (1) meter outside the boiler house wall column line

Glycgol-water mixture out

One (1) meter outside the boiler house wall column line

1.2 Scope of supply

1.2.1 CYMIC boiler

Explanation for the abbreviations used in the following table:

M = Metso, C = Customer, O = Option (Metso), NA= Not applicable

o o

[} 5 5 c
Scope of Supply 8S o | = | 2| £ |Note

o .2 = T = 1}

o wm (%] L o ()

- @ © (O] =) —

oo o a ) L
BOILER
Furnace M M M M M
Cyclones and loopseals M M M M M 2 pcs
Primary Superheater M M M M M
Secondary Superheater M M M M M
Tertiary Superheater M M M M M
Reheater NA | NA | NA | NA | NA
Boiler bank NA | NA | NA [ NA | NA
Empty pass NA | NA | NA | NA | NA
Steam drum with internals M M M M M

© Metso 2011

This document is the exclusive intellectual property of Metso Corporation and/or its subsidiaries and is furnished solely for operating
and maintaining the specific project. Re-use of the document for any other project or purpose is prohibited. The document or the
information shall not be reproduced, copied or disclosed to a third party without prior written consent of the company.




) metso

02 Delivery Limits and Scope of Supply, Boiler plant

4/16

Revision 1

projectname - KME RPP-0 Base Case

Mikko Lehtiniemi

Doc. ID

14.10.2011

Pojectid 100 MWe Virgin fuel

Preliminary for pricing

Scope of Supply

design

Note:

Circulation and connection pipes

Spray water attemperators

2 phases

Spray water piping, valves

Economizers

Maintenance roof openings

Beams and aluminum planks for maintenance roof

O|Z|Z|Z|Z|Z Process

oEIEE ZBasiceng.

RS RS ZDetaileng.

oL ZSuppIy

RAESESEN RN Erection

MAIN STEAM

Steam pipe to boiler house wall line

<

<

<

<

<

Steam pipe outside boiler house wall line

@

@

@

O

@

BOILER ACCESSORIES

Mains steam stop valve

Main steam safety valves

Safety valve control unit with impulse connection
from drum

Start-up valves

£ =2 2L

2 2 (2L

2 2 2L

£ =2 2L

£ =2 2L

Sootblowing steam safety valve

Exhaust piping and silencer for main steam safety
valve, start up valve and sootblowing safety valve

Main steam reduction valve station

Continuous blow down tank

Continuous blow down piping

Continuous blow down heat exchanger

Blow down tank

Boiler drain and vent piping

I Z 5|5 2|0 L

= Z 8| 8|0 £

= Z 8|2 8|0 £

LI Z 2 L5 2|01 L

I Z 2 L5 2|01 L

FEED WATER SYSTEM

Feed water tank

Deaerator

Vent steam condenser

Feed water pumps, electric motor driven

3*50%

Feed water pumps, diesel for emergency cooling

Feed water piping and valves

HP preheater with valves

HP preheater with piping inside boiler house

oo

g0/ g2/

0|22\

A EdAEd A

S0 g 5 1|

FUEL FEEDING SYSTEM
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Fuel storage and handling system (including
receiving, conveying, sieving, crushing) up to the C C C C C
boiler fuel silo(s)
Fuel feeding system, biofuel
Silo M M M M M
Silo reclaimer M M M M M
Mixing screw M M M M M
Drag chain conveyor M M M M M
Balancing pocket(s) M M M M M
Metering screws M M M M M
Rotary valve feeders M M M M M
Fuel feeding wall screws to furnace NA | NA | NA | NA | NA
Fuel feeding system, RDF/REF
Silo NA | NA | NA [ NA | NA
Silo reclaimer NA | NA | NA [ NA | NA
Dosing feeders NA | NA | NA | NA | NA
Rotary valve feeders NA | NA | NA | NA | NA
Fuel feeding chutes to furnace NA | NA | NA | NA | NA
Underpressure system for RDF/REF NA | NA | NA | NA | NA
MAKE-UP SAND SYSTEM
Sand silo M M M M M
Sand silo filling pipe M M M M M
Sand feeding screw M M M M M
Sand feeding pipe M M M M M
LIMESTONE FEEDING SYSTEM
Limestone silo NA | NA | NA | NA | NA
Limestone feeder NA | NA | NA | NA | NA
Limestone feeding blower NA | NA | NA | NA | NA
Limestone feeding pipes NA | NA | NA | NA | NA
AUXILIARY FIRING
Start-up burners
Start-up burners M M M M M 2 pcs
Burner valve groups M M M M M
Aux. fuel piping M M M M M
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Atomizing steam/air piping M M M M M
Load burners
Load burners NA | NA | NA | NA | NA
Burner valve groups NA | NA | NA | NA | NA
Aux. fuel piping NA | NA | NA | NA | NA
Atomizing steam/air piping NA | NA | NA | NA | NA
Heavy fuel oil system
Heavy oil tank NA | NA | NA | NA | NA
Heavy oil pumping and heating NA | NA | NA | NA | NA
Suction filters NA | NA | NA | NA | NA
Heavy oil pumps NA | NA | NA | NA | NA
Steam oil heater NA | NA | NA | NA | NA
Electric oil heater NA | NA | NA | NA | NA
Heavy fuel oil piping NA | NA | NA | NA | NA
Light fuel oil system
Light oil tank M M M M M
Light oil pump M M M M M
Light oil suction filters M M M M M
Light oil piping M M M M M
Natural gas system
Natural gas reduction station NA | NA | NA | NA | NA
Natural gas piping inside the delivery limits NA | NA | NA | NA | NA
Ignition gas
Ignition gas bottle rack / storage C C C C C
Ignition gas piping M M M M M
COMBUSTION AIR
Suction duct with silencers and control dampers M M M M M Ihnosllj(i(; the boiler
Primary air
Primary air fan M M M M M
Primary air SCAH (Steam coil air preheater) M M M M M
Primary air FGAH (Flue gas air preheater) M M M M M
Primary air ducting M M M M M
Primary air nozzles M M M M M
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Secondary air/Overfire air
Secondary air fan M M M M M
Secondary air SCAH M M M M M
Secondary air FGAH M M M M M
Secondary air ducting M M M M M
Secondary air nozzles M M M M M
Loopseal air
Loop seal fan M M M M M
Sound attenuation hoods for loopseal air blowers M M M M M
Loopseal air ducting M M M M M
Loopseal air nozzles M M M M M
FLUE GAS
Flue gas ducting M M M M M
Fly ash pre-separator NA | NA | NA | NA | NA
Bag house filter M M M M M
ID fan(s) M M M M M 2 pcs
Recirculation gas fan NA | NA | NA | NA | NA
Recirculation gas duct, dampers and accessories NA | NA | NA | NA | NA
Recirculation gas nozzles NA | NA | NA | NA | NA
Flue gas dampers M M M M M
Flue gas duct silencer M M M M M
Stack M M M M M
FLUE GAS TREATMENT SYSTEM
Ammonia injection system
Ammonia storage tank M M M M M
Ammonia unloading pump to tank M M M M M
Ammonia feeding pump M M M M M
Ammonia piping with valves M M M M M
Ammonia nozzles M M M M M
Emergency showers M M M M M
Ca(OH),/NaCOj3 injection system including storage
tank and injection system into flue gas duct before NA | NA | NA | NA | NA
bag house filter
Activated carbon injection system including storage NA | NA | NA | NA | NA

tank and injection system into flue gas duct before
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bag house filter
Flue gas scrubber including heat recovery system NA | NA | NA | NA | NA
SOOTBLOWING
Sootblowers M M M M M
Sootblower supports M M M M M
Steam and condensate piping M M M M M
ASH HANDLING SYSTEM
Coarse material removal system
Bottom ash chutes M M M M M
Shut off gates M M M M M
Water cooled screw conveyors M M M M M
Bottom ash conveyor M M M M M
Bottom ash containers M M M M M
Bottom ash recycling system
Bottom ash magnet separator NA | NA | NA | NA | NA
Bottom ash screen M M M M M
Recirculated sand pneumatic transmitter M M M M M
Buffer silo and rotary feeder for recirculated sand NA | NA | NA | NA | NA
Ef:\:ggglated sand pneumatic conveying pipe to M M M M M
Boiler ash handling system
Empty pass ash handling system NA | NA | NA | NA | NA
Loopseal ash handling system M M M M M
ZIS{] aLSQn;c)“rier:]-geS;;g:::gr (multicyclone/ESP) NA | NA | NA | NA | NA
Boiler ash silo NA | NA | NA | NA | NA | Tofly ashsilo
Dry unloading system NA | NA | NA | NA | NA
Wet unloading system NA | NA | NA | NA | NA
Fly ash handling system
Drag chain conveyor for 2 pass ash M M M M M
Fly ash pneumatic transmitters M M M M M
Fly ash silo M M M M M
Dry unloading system M M M M M
Wet unloading system M M M M M
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Aol oM o] N L
AUXILIARY SYSTEMS
Sampling
Sample station with coolers M M M M M
Chemical dosing system
Chemical dosing system with pumps and tanks C C C C C
Chemical dosing piping M M M M M
Cooling water system
Plant cooling water piping M M M M M IhnoSngz boiler
Closed cooling water tank M M M M M
Closed cooling water pump M M M M M
Closed cooling water heat exchanger M M M M M
Closed cooling water piping M M M M M
Auxiliary steam and condensate system
Medium pressure steam piping (to HP preheaters) M M M M M Lnoslﬁz boiler
Low pressure steam piping (to SCAHs and feedwater M M M M M Inside boiler
tank) house
SCAH condensate tanks M M M M M
SCAH condensate pumps M M M M M
SCAH condensate piping M M M M M aniﬁz boiler
Instrument and pressurized air system
Compressor unit for instrument air C C C C C
Compressor unit for pressurized air C C C C C
Pressurized air tank C C C C C
Instrument air tank C C C C C
Pressurized air piping with risers M M M M M Ihnosllj(ig boiler
Instrument air piping with risers M M M M M Ihn;lﬁz boiler
Water piping
Fire water piping M M M M Ihn;lﬁz boiler
Service water piping M M M M M Ihn;lﬁz boiler
Potable water piping M M M M M Inside boiler

house (if any)
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CASING, REFRACTORY, INSULATION &
LAGGING

Boiler refractory

Boiler insulation

Boiler lagging

Insulation of equipment, tanks, ducts and piping

=8| L
L2/ L
A A
2L/ 5|5 L
L /5|5 L

Lagging of equipment, tanks, ducts and piping

SPARE PARTS

Spare parts for two years operation

Consumable parts for commissioning -

Electrical spare parts -

Instrument spare parts -

o000
o000
o000

Consumable spare parts -
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1.2.2 Electrification

Explanation for the abbreviations used in the following table:

Preliminary for pricing

M=Metso, C=Customer, O=Option(Metso), NA= Not applicable

Scope of Supply

Process
design

Note:

Integral motors

Standard low voltage (LV) motors

Standard medium voltage (MV) motors

Variable frequency drives

LV distribution switchgears

LV motor control centers

LV busducts or cable systems from transformers to
LV switchgears or MCCs

MV to LV power distribution transformers (11 kV to
690 V)

MV to LV power distribution transformers (11 kV to
400 V)

| Z | Z ZZZZZZBaSiceng.

< 22 222222 pegileng.

< | Z ZZZZZZZSuppIy

| 2| 2|25/ ZErection

MV distribution switchgears (11 kV)

Power
distribution to
the transformers
needed for the
boiler plant

MV motor control centers

NA

NA

NA

NA

MV busducts or cable systems from transformers to
MV switchgears or MCCs

MV power distribution transformers (xx kV /11 kV)

O

Power factor compensation capacitors

<

<

<

<

Harmonic filters

<

<

<

<

for the supplied
frequency
converters

UPS with batteries

UPS distribution panels

Emergency diesel generator

Power and control cables

Cable trays and conduits

Electrical installation

Electrical installation supervision

Local safety isolation switches for motors

Local control switches for motors

=222 0L

L2225 50| |L

5|50 1|

5|55 0 1|
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Preliminary for pricing

Burner management system (BMS)

Safety Instrumented System (SIS)

Flue gas analyzers

0O,, CO, SO,, NOx,
DUST

Flue gas analyzer reporting system

Furnace O, measurement

02 (CO)

) )
[} = = c
() () o .
Scope of Supply S o — = | 2 | Note:
o .2 = T s 1}
o 0 2 = 9}
- @ =) —
S : : : oo o a ) L
nght_lng and maintenance power system in boiler i M M M M
building
nghtlpg and maintenance power system in flue gas i M M M M
cleaning area
Lighting in electrical rooms M M M M
Electrification for ventilation in boiler building - M M M M
Electrification for HVAC in electrical rooms - M M M M
Grounding of electrical equipment - M M M M
Separate PLC for sootblowing system - NA | NA | NA | NA
Separate PLC for flue gas cleaning system - M M M M For bag cleaning
Building communication system C C C C
Fire alarm system - C C C C
1.2.3 Instrumentation and automation
Explanation for the abbreviations used in the following table:
M=Metso, C=Customer, O=Option(Metso), NA= Not applicable
d -
5| S c
Scope of Supply o — 2 | Note:
D © 8]
© 3] O
0 o L
Pneumatic Control Valves M M M
Pneumatic ON/OFF -Valves M M M
Flow elements, water and steam lines M M M ,E%Ig)c e and nozzle
DCS (SW, HW and Configuration) M M M
Control room equipment M M M
SIS&BMS FAT M M M Client to participate
DCS FAT M M M Client to participate
M M M
M M M
M M M
M M M
M M M
M M M

Temperature elements

ZZZZZKZZZEZZZSUppIy
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Preliminary for pricing

Scope of Supply

Note:

Standard Transmitters

PT, PDT, TT

Mass and Magnetic flow

Radar, Ultrasonic and Radiometric levels

Analyzers for sample station

Local gauges

Other Field instruments

LS, Wi, FI

Instruments included in machines which are in Metso
delivery

Instrument installation materials

Instrumentation erection

Instrumentation erection supervision

25| LZ ZZZZZZBaSiceng.

|22 2 |2/2/2 22 2 el eng

ZZZZZZZZZZSupply

ZZZZZZZZZZErection

1.2.4 Civil and structural

Explanation for the abbreviations used in the following table:

M=Metso, C=Customer, O=Option(Metso), NA= Not applicable

Scope of Supply

Note:

Boiler support beams

Boiler support columns

Boiler building columns

Anchor bolts for boiler building

Anchor bolts for equipment

Steel grating platforms

Checkered plate platforms

Form sheets for elevated slabs

Stairs in boiler building

Railings in boiler building

Boiler building roof

Wall siding

Building insulation

Windows

ZZZZZZZZZZZZZZBaSiceng

= 222 |E 2/2|E 22T 22| pegajleng.

ZZZZZZZZZZZZZZSupply

2/z/2/2|2 222 222 222 gection
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Scope of Supply Note:

Doors

Architectural design

Company logo on building

Duct support steel inside building

Flue gas duct supports from boiler to stack

Support steel for pipe hangers

Auxiliary pipe bridges from boiler house to main pipe
bridge

=0 ZZZOOZBt':lslceng
SREEIEIEI ZDetaileng.
20 zzZOOZSupply
<0 2212010 X Erection

Freight elevator

P
>

Staff elevator

Hoist in boiler building

Boiler building ventilation

Glycol system for ventilation

El. building HVAC

Roof drain piping

Drain piping from elevated slabs

Fire water risers

Sprinklers in boiler building

Safety showers

Potable water piping

Fire fighting for el. building

Vacuum cleaning piping

Vacuum cleaner

Demolition works

Earthwork

Excavation

Earth moving

Backfilling

Dewatering

Foundations

Piling

Pile caps

Slab on grade

ojo/ojojojojojo/ojojo|Z 2|00 o0fgL2 L
oOjo/ojo/ojoojojojojo| 20|00t ggg L
Ojloojoojoojojojojo|Z 2|0 /0jo0ogf|t5g58g8(L

Ojo/ojo/ojojojoj/ojojo|g 2|08t lglglg L

Surface treatment of grade slab
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Scope of Supply Note:

Column foundations

Equipment foundations on grade

Grounding grid underground

Concrete works above grade

Concrete shell for dissolving tank

Elevated concrete slabs

Surface treatment of elevated slabs

Metal inserts in concrete

Elevator and stair shaft

ESP support structure

Electrical building below ESP

Electrical building adj. to boiler house

OIOI0[0/01010/0/0 010100 gagjc eng
O1OI0[0/01010/0/0 010100 Kl eng.
OOOOOOOOOOOOOSuppIy
OO0 I0I0I0/0 000000 i

Underground piping
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1.2.5 Project services

Included Excluded Notes

PROJECT SERVICES

Project management and reporting

Delivery and shipping schedule

Erection schedule

QA/QC of supplied equipment

QA/QC of erection

HSE plan

Sea freight / transportation to site

Erection supervision

Erection

Commissioning and start up supervision

Chemical cleaning

Steam blows

Operator and maintenance training &
manuals

X [ XX |X[X|X[X|X[X|X|X]|X|X

Performance test X Metso assists

Performance test report X Metso assists
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