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1 Executive Summary

The target of this Feasibility Study is to identify options for the utilization of the retired steam turbine
and some other equipment from the Milheim-Kérlich Nuclear Power Plant in a new gas fired
Combined Cycle or Steam Power Plant. In addition it should help to find the optimal solution with
respect to technical and economical aspects.

I ¥
I &

Air intake, HRSG and stack of a F-Class CCPP

8 different Options were carefully studied by the authors to use the steam turbine in a gas fired
combined cycle (Option 1 to 7) or in a steam power plant with gas fired boiler (Option 8). Option 1 with
an absolute minimum of modifications at the steam turbine was selected as base option.

1.1 Short discussion of the recommended options

1.1.1 Option 1 (base option)

The cycle presented with Option 1 is a 2P-NRH (dual pressure non reheat) cycle. Each gas turbine is
connected to its own HRSG. In order to reduce the stack gas temperature as much as possible HP
and LP-steam is produced. A further reduction of the stack gas temperature will be achieved by
extracting feedwater for fuel gas preheating as well as preheating of condensate in the deaerator-
feedwater-tank. Duct firing is not foreseen for Option 1.
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We made the optimistic assumption, that the HP-turbine can be safely operated up to HP-steam
temperatures of 470 °C. This assumption must be confirmed by a detailed analysis of the HP-turbine,
if Option 1 would become the preferred solution.

Minimal required steam turbine modifications:

e Options 1 to 7: Only one steam extraction would be used for preheating of the condensate
(lowest extraction), the other extractions would have to be closed and properly drained.

e Options 1to 7: Itis foreseen to produce LP-steam to improve the plant efficiency, which requires
new stop and control valves. They would be connected to the crossover pipes to the LP-turbine.
Adjustment of the hydraulic system would be required.

e All Options: The MK-water separator and superheater will not be used anymore, thus new
crossover pipes to the LP-turbine have to be installed.

1.1.2 Option 2

The cycle presented with Option 2 is similar to Option 1. The differences to Option 1 are the increased
HP-steam conditions in order to improve the plant efficiency.

Required steam turbine modifications:
¢ New inlet stop and control valves casings
e New connection piping between control valve and HP-casing

e Complete new turbine inner block (inner casing, turbine rotor and blading)

1.1.3 Option 3

The cycle presented with Option 3 is a 2P-NRH cycle. It is similar to Option 2, but the HRSG’s are
equipped with duct burners in order to increase the plant output. Duct firing is a cost-effective option
to produce peaking power.

Required steam turbine modifications:
¢ New HP stop and control valves
¢ New connection piping between control valves and HP-casing

o Complete new turbine inner block (inner casing, turbine rotor and blading)

1.1.4 Option 4

The cycle presented with Option 4 is a 2P-NRH cycle. It is similar to Option 2. In order to avoid
retrofitting of the existing HP-turbine (provided that the existing HP-turbine can be operated with an
inlet temperature of at least 462 °C) a new topping turbine with generator for high inlet conditions is
foreseen. Duct firing is not considered for Option 4.
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Required steam turbine modifications and new components:

e The existing stop and control valves will not be used anymore.

e New connection pipes from the exhaust of the new topping turbine to the inlet of the MK-HP-
turbine

¢ New topping turbine with a speed of 3000 rpm and high steam parameters consisting mainly of:
» Stop and control valves

» Topping turbine ~ 200 MW
» Generator with a capability of at least 250 MVA and required electrical equipment

» Complete auxiliary equipment to topping turbine

1.1.5 Option 5

The cycle presented under Option 5 is a 3P-RH (triple pressure reheat) cycle. With the reheat cycle
we can expect the best possible cycle efficiency using the MK-steam turbine. Each gas turbine is
connected to its own HRSG. Duct firing is not foreseen for Option 5.

Required steam turbine modifications and new components:

e New stop and control valves for HP-steam

¢ New connection piping between HP-control valves and new HP-casing

¢ Complete new HP-turbine (outer and inner casing, turbine rotor and blading)
o New bearing pedestal between HP- and IP-turbine

¢ New intercept stop and control valves

¢ New connection piping between intercept-control valves and IP-turbine

e Complete new inner block for IP-turbine section (inner casing, turbine rotor and blading). Outer
casing reused from MK-HP-turbine.

1.1.6 Option 6 and 7

The cycles presented under Option 6 and 7 are 3P-RH (triple pressure reheat) cycles. The idea was
to use as much as possible from the existing MK-HP turbine. In order to reduce the inlet temperature
into the existing HP-casing some stages have to be removed. As a result of the lower inlet pressure
and temperature the steam velocity exceeded the allowable limit. Therefore options 6 and 7 are not
feasible solutions and are not pursued anymore.

1.1.7 Option 8

This conventional non reheat steam cycle with gas fired steam boilers and unchanged HP-turbine
would have to be operated with a HP-steam temperature of at least 508 °C to prevent severe erosion
damage of the last stage blade of the LP-turbine. We have to assume that the existing HP-turbine
without modifications can’t be safely operated (most probably) with such a high inlet temperature. The
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required replacement of the HP-turbine internals allows an increase of the HP-steam conditions in
order to achieve a better cycle efficiency.

Required steam turbine modifications:

e New stop and control valves

« New connection pipes between control valves and HP-casing

o Complete new turbine inner block (inner casing, turbine rotor and blading)

The extraction steam temperatures to the HP-feedwater heaters would be at least 180 K (heater 6)
resp. 140 K (heater 5) higher than in the original cycle. We have to assume that the heaters 5 and 6
have to be replaced.

1.2 Net plant performance of the Options

Figure 1 shows the net plant output for the Options 1 to 7. Duct firing of Option 3 is not in service
therefore the total fuel input into the cycle is identical for all Options.

Net Plant Output

(Total fuel input = constant)
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@ F-Class-gas turbine / No duct firing / Feasible solution
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3800 1+
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E
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Figure 1

It shows also that the net plant output with E-class gas turbines is in the range of 185 to 250 MW
lower than with F-class units, resulting in a yearly loss of income in the range of 69 to 94 Mil €.

Retrofitting of the HP-turbine to allow increased HP-steam conditions (Options 2 to 4) results in
increased net plant output of more than 100 MW

Option 5 (3P-RH-cycle) shows a net plant output of 3643 MW which is more than 200 MW higher
than of Option 1.

Figure 2 shows the net plant output for Option 3 with and without duct firing. Up to 7 gas turbines in
service it is possible to operate with maximal duct firing temperature. With more than 7 gas turbines in
service the duct firing temperature has to be reduced to prevent overloading of the steam turbine

2011-04-01 / Rev. e) 2011-04-30 HAEH200193 Page 7




MK-Conversion

generator. With duct firing the net plant output can be increased up to 337 MW, corresponding to 12
% of the plant output, but the efficiency will become lower up to 2.2 %-points.

Option 3/ Net Plant Output with/without duct firing
4000
@ Net plant output / no duct firing 3543.3 3597.3
3500 { O Net plant output / maximal duct firing
% 3095.5
= <ty 2758.7
5
o
S 2500 -
=t 2209.3
@
1967.8

< 2000 -

1500

5 7 9
Number of gas turbines in service

Figure 2

Option 8 has a much lower fuel input compared to the combined cycle Options, thus the net plant
output difference was determined for the maximal fuel input of Option 8. The diagram
HAEH200198/39 shows an output difference of 626 MW at a fuel input of 3465 MW, resulting in an
yearly loss of income of 235 Mio €.

1.3 Price differences and benefits of combined cycle Options

The following Table 1 compares the Options 2 to 5 with the base Option 1 concerning plant output
and efficiency and economical figures, which are based on assumed utilization of 7°'500 hours/year
and an electricity price of 50 €/ MWh.

Option 1| Option 2| Option 3| Option 3| Option 4| Option 5
Number of F-class gas turbines in service 9 9 9 9 9 9
Duct firing on/off n/a n/a - on n/a n/a
Additional fuel input for duct firing at LOS 0.0 0.0 0.0 130.4 0.0 0.0 MW
Total fuel input at LOS 6383.8 | 6383.8 | 6383.8 | 6514.2 | 6383.8 | 6383.8 MW
Net plant output (low voltage side of step up) 3438.5 3544.1 3543.3 3597.3 3545.7 3643.2 MW
Net plant efficiency (low voltage side of step up) 53.9 55.5 55.5 55.2 55.5 57.1 %
Net plant output difference to Option 1 0 106 105 159 107 205 MW
Price difference to Option 1 0 +65 +88 +88 +67 +142 Mil Euro
Additional income per year 0 40 39 60 40 77 Mil Euro
Pay back period for additional investment 0 20 27 n/a 20 22 Month
Estimated investment cost 2000 2065 2088 2088 2067 2142 Mil Euro
Incremental project profit 0.00 1.92 1.88 2.85 1.95 3.58 %

Table 1 Performance summary CC-solutions
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The pay back periods for performance improvement for each of the Options 2 to 5 are lower than 27
month.

Option 3: With duct firing it is possible to increase the net plant output up to 12 % but the net plant
efficiency will be reduced up to 2.2 %-points. Duct firing is a cost effective option to produce peaking
power.

1.4 Option 8 - Gas fired boilers solution

Due to the design of the MK-steam turbine generator, the electric net power output of Option 8 is
limited to 1238 MWe (maximal generator output of 1308 MW with PF = 0.8). The net plant efficiency
would be only 35.7 % with an assumed boiler efficiency of 93 %.

¢ Electrical net plant output: 1238 MWe
¢ Net plant output difference to Option 1 626 MWe (Identical fuel input)
e Abs. net plant output difference to Option 1 2201 MWe
e Estimated investment cost 900 - 1100 Mil €

1.5 Conclusions and Recommendations

1.5.1 Gas fired boiler solution

The gas fired boiler solution (Option 8) is no longer a state of the art solution, because of the poor
efficiency compared with combined cycle applications. The maximal net plant output would be about
36 % compared with Option 1 with 9 F-class gas turbines. The net plant efficiency would be only 35.7
%, which is 18.6 %-points lower than of Option 1. Additionally Option 8 would require in any case
similar steam turbine modifications like Option 2 or 3 to prevent severe erosion of the last stage blade
of the LP-turbine. With the similar fuel input like Option 1 with 5 gas turbines in service (see
HAEH200189/39) the yearly loss of income would be 235 Mio € per year. The lower investment cost
would be highly compensated by the yearly loss of income.

==> Therefore we can not recommend the application of gas fired boiler solution (Option 8)

1.5.2 Combined cycle with E-class gas turbines

The plant performance with E-class gas turbines would be lower (Figure 1) due to lower gas turbine
efficiency and exhaust gas temperature:

e The net plant output would be 185 to 250 MW lower (depending on the Options), resulting in a
yearly loss of income in the range of 69 to 94 Mil €

e Higher investment cost (14 instead of 9 gas turbines with HRSG's, electrical equipment,
foundations, piping systems ...).

==> Therefore we can not recommend the installation of E-Class Heavy Duty Gas Turbines.
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1.5.3 Combined cycle with F-class gas turbines

With F-Class Heavy Duty Gas Turbines and retrofitted MK-steam turbine it would be possible to reach
state of the art performance level of modern CCPP.

==> Our recommendation is to install F-class gas turbines

1.5.4 Duct firing

Duct firing as exemplary shown with Option 3 is a cost effective solution to produce peaking power
and is applicable to all CC-Options.

==> Our recommendation is to consider the implementation of duct firing related to the
preferred Option.

1.5.5 Preferred combined cycle Options

Option 2 requires less modifications of the steam turbine than option 5, thus the technical conversion
risk is lower. The achievable efficiency is better than of Option 1 by 1.7 %-points however 1.5 %-
points worse compared to Option 5. Option 2 is a feasible solution with lower investment cost and
lower benefits.

From the different solutions in combined cycle mode Option 5 with F-class gas turbines
shows the best result concerning on incremental project profit. With the additional investment
of 142 Mio € an additional yearly income of 77 Mio could be generated; the pay back period for
the additional investment would be 22 month.

Additional income compared to Option 1 Incremental project profit

80

[e2]
o

Additional income per year
(Mio €ly)
N
o
Incremental project profit (%)

20 l | H

0 0 : : :
Option 1 Option 2 Option 3 Option 4 Option 5 Option/1QGption/2f " Optioni3[Option'4% = Optionis
Figure 3 Additional income Figure 4 Incremental project profit

Due to the size of the Power plant the economical figures are dominating the evaluation of the
different Options.

==> Our recommendation is to choose Option 5 for further detailed analysis and engineering.

Recommendation for project realization

In order to minimize the working capital we recommend a step by step power plant realization, starting
with the installation of 5 F-Class gas turbines (Open cycle), followed by the extension to combined
cycle plant. Afterwards the plant could be extended with to its full capacity (total 9 F-class gas
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turbines). With such an approach revenue could be generated already in an early phase. The part
load impact with only 5 gas turbines to the net plant efficiency in CC-mode is more or less negligible
(< 0.3 %-points).

2 Introduction

The target of this Feasibility Study is to show options for the utilization of the retired steam turbine and
some other equipment from the nuclear power plant of Milheim-Kérlich in a new gas fired combined
cycle power plant. This report should help to find the optimal solution for the existing equipment to be
used in a combined cycle or steam cycle power plant with respect to technical and economical
aspects.

On the occasion of a meeting in Frankfurt, dated November 12, 2010 TKS, Fuss Energietechnik and
Reex were assigned by 3Y to elaborate the first step of a Feasibility Study including the collection of
all necessary data. The Study should address the following:

e Technical assessment of 7 defined options.

e For comparison reasons an additional Option (Option 8) with gas fired steam boilers should be
included in the study (Request 3Y)

e Cost differential estimation between the options
e Commercial analysis based on technical assessments and cost estimation

e Propose 2-3 preferred options as result of this Feasibility Study

3 Abbreviations

2P-NRH Dual Pressure Non Reheat

3P-RH Triple Pressure Reheat

CcC Combined Cycle

CCPP Combined Cycle Power Plant
ETANet Net plant efficiency measured at low voltage side of step up transformer
GFSPP Gas Fired Steam Power Plant

GT Gas Turbine

HP High Pressure

HRSG Heat Recovery Steam Generator

IP Intermediate Pressure

LHV Lower Heating Value

LP Low Pressure

LSB Last Stage Blade of the steam turbine
LOS Limit of supply

MK Mulheim-Karlich

NG Natural Gas

NRH Non Reheat Cycle

OEM Original Equipment Manufacturer

2011-04-01 / Rev. e) 2011-04-30 HAEH200193 Page 11



MK-Conversion

PF Power Factor

PNet Electrical net plant output measured at low voltage side of step up transformer
PAux Auxiliary power of the plant

RH Reheat Cycle

ST Steam Turbine

4 Limits

Fuel gas: After fuel gas reducing station or gas compressor, scrubbers, dew point heaters
Cooling water:  Inlet of main cooling water pumps

Subsaoil: Prepared, including piling if required

Electrical: Connection of transmission lines to switchyard

5 Technical Data of Milheim-Kéarlich Nuclear Plant

The Milheim-Kéarlich Nuclear Power Plant (Germany) was commissioned in 1987. After one year of
operation the plant was shut down.

Nuclear reactor capacity 3789 MW
HP-steam production 2021 ka/s
HP-steam pressure 67.2 bar(a)
HP-steam temperature 311 °C
Reheat temperature at LP-inlet 256 °C
Steam turbine output at generator terminals (PF = 0.8) 1308 MW
Final feedwater temperature 237 °C
Turbine generator speed 1500 1/min
Generator capacity 1635 MVA
Nominal power factor 0.8

Cooling water flow 33778 kgls
Condenser pressure 0.103 bar(a)

Table 2 Technical data of Milheim-Kéarlich

The detailed performance information of the nuclear cycle can be seen on the attached OEM heat
balance ZW 91/001 3N. Based on this heat balance a turbine calculation model was set up. It was the
requirement that the results of the model (swallowing capacity as well as efficiency of each blading
section) comply exactly with the OEM heat balance in order to be able to accurately predict the
performance of the steam turbine in its new environment.

The steam turbine was built for a nuclear cycle with low temperatures compared with fossil fuel fired
steam plants or combined cycles power plants.
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Because the HP-steam was only little superheated (~ 28 K) later stages in the HP-turbine had to be
drained. The steam leaving the HP-turbine was led to the water separator and super-heater before
entering the LP-turbine. To avoid severe erosion of the blading and inner casings drains were
foreseen in the HP as well as LP turbine. The exhaust steam was condensed in a water cooled
condenser. In order to improve the plant efficiency the feedwater was preheated.

Comparison of Steam Mass Flow
120

B Nuclear cycle Milheim Karlich
OMK-Conversion, Option 1

100 A

o]
o
L

Steam mass flow (%)
IN )
o o

N
o
L

HP-inlet HP- HP- HP- HP- HP- LP- LP- LP- LP- LP- LP-LSB
Blading Blading Blading Blading Blading Blading Blading Blading Blading Blading
section 1 section 2 section 3 section 4 section 5 section 1 section 2 section 3 section 4 section 5

Figure 5 Comparison of steam mass flow

Figure 5 compares the mass flow distribution from turbine inlet to the outlet of the combined cycle
application (MK-conversion Option 1) with the situation as it was in the nuclear cycle of Milheim-
Karlich. In the nuclear cycle application the steam flow decreases from 100 % (turbine inlet) to about
60 % (turbine exhaust), in the combined cycle application it increases slightly due to LP-steam
admission.

The question my come up whether or not the lower inlet flow has a negative influence to the blading
efficiency. The fact is that the blading efficiency is little affected by mass flow but it depends mainly on
volume flow (velocity). Figure 6 shows that the volume flow difference between the nuclear and
combined cycle application (Option 1) is low (similar velocity), therefore the influence to the blading
efficiency is negligible.

Comparison of the Steam Volume Flow
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Figure 6 Comparison of steam volume flow
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6 Conditions and Assumptions

6.1 Site conditions

Since the location for the plant is not yet fixed, ambient- and cooling water temperature have been
assumed, based on climate tables from several sites in Egypt (Figure 7 and 8).

Ambient temperatures
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Figure 7 Ambient temperatures for different sites
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Figure 8 Water temperatures for different sites

The site conditions and fuel gas parameters as proposed in Table 3 were agreed with 3Y at a Meeting
in Frankfurt from 15" of February 2011.
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E- and F-class gas turbines are able to be operated with a fuel gas temperature of at least 150 °C,
which improves the plant efficiency in the range of 0.5 to 0.6 % relative.

Ambient pressure 1013.25 mbar
Ambient temperature 25 °C
Relative humidity 60 %
Cooling water temperature 25 °C
Cooling water temperature rise <8 K

Fuel gas temperature at LOS 15 °C

Fuel gas temperature after gas preheater 150 °C

Fuel gas pressure at LOS > 30 bar

Fuel gas LHV 46000 kJ/kg
Sulfor dioxide (SO2) in fuel gas 0.0 Nm3/Nm3

Table 3 Site conditions used for the Study

6.2 Estimated performance for F-class gas turbine (corrected to site

conditions)

Today’s environmental situation requires that natural gas fired power plants operate with high
efficiency. Therefore it is highly recommended to install F-class gas turbines for a power plant with a

total output of more than 3000 MW.

Option 1, 2, 3, 4, Option 5, 6, 7
HRSG-type 2P-NRH 3P-RH
GT-inlet pressure drop 10 10 mbar
GT-outlet pressure drop 25 35 mbar
Fuel gas temperature at GT inlet 150 150 °C
Power output at generator terminals 260.366 258.626 MW
GT-efficiency 36.49 36.23 %
Exhaust gas flow 632.6 632.6 ka/s
Exhaust gas temperature 654.5 656.3 °C

Table 4 F-class gas turbine performance used for the study
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6.3 Estimated performance for E-class gas turbine (corrected to site

conditions)

E-class gas turbines have a lower output, efficiency and exhaust gas temperature. The lower exhaust
gas temperature has the disadvantage, that the HRSG’s can not produce steam with state of the art
HP- and reheat steam with temperatures of 565 °C, which is mandatory to accomplish a state of the
art cycle efficiency. For comparison reasons some Options with E-class gas turbines were calculated.

Option 1, 2, 3, 4, Option 5, 6, 7
HRSG-type 2P-NRH 3P-RH
GT-inlet pressure drop 10 10 mbar
GT-outlet pressure drop 25 35 mbar
Fuel gas temperature at GT inlet 150 150 °C
Power output at generator terminals 160.997 160.447 MW
GT-efficiency 35.08 34.96 %
Exhaust gas flow 524.8 524.8 Kals
Exhaust gas temperature 535.4 536.8 °C

Table 5 E-class gas turbine performance used for the study

6.4 HRSG design parameters

The figures according to Table 6 were used for the design of the HRSG’s. The performance of the gas
turbines connected to triple pressure HRSG’s was adjusted for the assumed larger gas side pressure

drop of the HRSG's.

Gas side pressure drop for the dual pressure HRSG 25 mbar
Gas side pressure drop for the triple pressure reheat HRSG 35 mbar
Pinch point HP-cycle 8 K
Approach HP-cycle 4 K
Pinch point IP-cycle 10 K
Approach IP-cycle 5 K
Pinch point LP-cycle 10 K
Approach LP-cycle 5 K
Table 6 HRSG design parameters
2011-04-01 / Rev. e)2011-04-30 HAEH200193 Page 16
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7 Utilization of the MK-Steam Turbine in a CCPP or GFSPP

In order to assure safe and reliable operation of the steam turbine the following limitations have been
considered:

e Maximal exhaust steam flow of the ST = 1120 kg/s ==> Maximal 9 F-class or 14 E-class gas
turbines can be installed to prevent overloading of the LSB of the steam turbine

e Maximal ST-Generator load = 1308 MW (PF = 0.8)

e Wetness after LSB < 12 % in the design point in order to prevent erosion damage of the LSB. With
lower cooling water temperatures the wetness will increase, but remains within acceptable range.

e The assumption was made, that the existing HP-turbine is able to be safely operated with a
maximal HP-steam temperature (upstream stop valve) of 470 °C.

e Pressure at the inlet of the LP-turbine < 9.8 bar(a) (OEM-heat balance)

¢ The defined condenser design (identical for all Options) has to assure proper operation behaviour
of the last LP-stages of the steam turbine.

8 Cycle Layout

Considering today’s environmental situation it must be the target to convert the chemical energy of
natural gas into electricity with the best possible efficiency. State of the art CCPP with F-Class gas
turbines reach a net plant efficiency of 56 to 58 %. With the newest generation of gas turbines the net
plant efficiency may even reach 60 %. It was agreed, that the newest generation of gas turbines
shouldn’t be considered in this study.

Reex-Fuss-TKS investigated different options to utilize the MK-steam turbine in a CCPP as well as in
a GFSPP, considering limitations of the existing equipment. The target is to reuse as much as
possible equipment from the Milheim-Karlich plant (base Option), additionally options to improve the
cycle efficiency should be proposed.

It is not intended to use the existing water separator/superheater in the new cycle due to the negative
influence to the cycle efficiency. Therefore it is essential to increase the steam temperatures to avoid
erosion of the steam turbine components and to improve the plant efficiency.

To prevent severe erosion of the last moving blade of the LP-turbine, the wetness of the last stages of
the LP-turbine must be limited. The assumption was made that the wetness after the LSB should be
lower than 12 % in the design point for this kind of LP-turbine.

Based on the OEM-heat balance the MK-Steam Turbine has a maximal exhaust steam flow of 1120
kg/s. To prevent overloading of the LSB the sum of the steam production minus extraction steam has
to be lower than 1120 kg/s. Considering this restriction it is possible to maximal install 9 F-class or 14
E-class gas turbines. With F-class gas turbines a better performance can be expected than with E-
class machines.
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The Options 1 to 4 show a 2P-NRH-cycle, the Options 5 to 7 a 3P-RH-cycle. The HRSG’s from
Option 3 are equipped with duct burners in order to increase the plant output, especially qualified for
the production of peaking power.

The feedwater entering the HRSG’s may be as low as 60 °C. It is foreseen to preheat the condensate
to 60 °C (corresponding to 0.2 bar(a)) in the existing deaerator-feedwater-tank. Probably adjustments
of the deaerator section will be required.

For comparison reasons Option 8 with a gas fired boiler (GFSPP) is included in this study.

8.1 Major equipment used in a combined cycle

8.1.1 Gas turbine

The cycle calculations were prepared with the typical performance of:

e 9and 5 F-class gas turbines (Options 1 to 7)

e 14 and 8 E-class gas turbines (only Options 1, 2 and 5)

The gas turbine performance data used for the cycle calculations are listed in the tables 4 and 5.

To compare the different options the total fuel input into the gas turbines has been kept constant.

o Total fuel input into 9 F-class gas turbines = total fuel input into 14 E-class gas turbines
e Total fuel input into 5 F-class gas turbines = total fuel input into 8 E-class gas turbines

The maximal allowable exhaust steam flow of the steam turbine will be reached with 9 F-class gas
turbines (Option 1). The other options have increased steam parameters resulting in a lower steam
turbine exhaust flow. The lower exhaust gas temperature of the E-class gas turbines results also in a
reduced steam production.

8.1.2 HRSG

The basis for the design of the HRSG’s is summarized in Table 6. In order to achieve high cycle
efficiency the stack gas temperature has to be as low as possible. With the installation of gas
preheaters and the recirculation of LP-feedwater to the deaerator-feedwater-tank additional reduction
of the stack gas temperature can be accomplished.

8.1.3 Steam turbine

The MK-steam turbine is designed for steam temperatures lower than 320 °C. In a combined cycle
application with natural gas as fuel it is important to operate the plant with a high efficiency in order to
be competitive in the power generation market. To accomplish this it is essential to increase the
steam temperatures as well as the steam pressures at turbine inlet.

We have seen before that in the combined cycle application the mass flow distribution in the turbine is
different compared with the nuclear cycle. In the CC-application the end of the steam turbine is the
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bottle neck concerning mass flow. For all Options the following restrictions must be considered to
prevent damage of the MK-equipment:

Maximal exhaust steam flow of the steam turbine = 1120 kg/s

Maximal steam turbine generator load = 1308 MW with power factor = 0.8

Wetness after LSB shall not exceed 12 % in design point

Steam velocities must remain within acceptable range

Higher steam temperatures than designed require a review of the affected components

To reduce the stack gas temperature of the HRSG's it is mandatory to preheat the condensate &
feedwater in the colder zone of the HRSG's, therefore the extractions 2 to 6 of the steam turbine
have to be closed and properly drained.

Some driving steam from extraction 1 will be extracted to help to remove the accumulated water
from the LP-turbine. The steam together with the extracted water will be used to heat up the
condensate in the deaerator-feedwater-tank.

Minimal required steam turbine modifications:

Options 1 to 7: Only one steam extraction would be used for preheating of the condensate
(lowest extraction), the other extractions would have to be closed and properly drained.

Options 1 to 7: Itis foreseen to produce LP-steam to improve the plant efficiency, which requires
new stop and control valves. They would be connected to the crossover piping to the LP-turbine.
Adjustment of the hydraulic system would be required.

All Options: The MK-water separator and superheater will not be used anymore, thus new
crossover pipes to the LP-turbine have to be installed.

8.1.4 Condenser

In order to compare the performance of the eight options, the loading of the steam turbine LSB
(exhaust loss) should be similar. In addition the condenser should be designed such, that no blocking
in the LSB will occur over a wide operation rage. The attached Diagram HAEH200189/45 shows, that
blocking will only occur with cooling water temperatures below 21 °C and exhaust steam flows from
900 to 1100 kg/s (9 F-class gas turbines in service). The chosen cooling water flow (constant for all
Options) results in a cooling water temperature rise of less than 8K.

For all Options the identical condenser dimensions and cooling water inlet conditions have been used,
therefore the condenser pressure depends only on the condenser duty.

8.1.5 Condensate extraction pump

The condensate extraction pumps (4 x 33.3 %) forward the accumulated condensate from the
condenser to the deaerator-feedwater tank. The required pump head is much lower than in MK,
therefore new pumps have to be installed in order to reduce the auxiliary consumption (Except
Options 8).
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8.1.6 Deaerator-feedwater-tank (only CCPP application)

The condensate is pumped from the condenser to the deaerator-feedwater-tank, where it is heated up
to 60 °C, which is the minimal feedwater temperature to avoid condensation in the cold zone of the
HRSG'’s. The saturation pressure of 60 °C is 0.2 bar, the deaerator-feedwater-tank is under vacuum
during operation. The heating medium to heat up the condensate to 60 °C comes from:

o Lowest extraction of the LP-turbine. To reduce risk of erosion damage of the LSB the accumulated
condensate has to be extracted together with some driving steam.

e LP-economizer of the HRSG's

8.1.7 Boiler feed pump
The HP-feed pumps (4 x 33.3 %) forward the feedwater to the HP-economizer of the HRSG's resp. to
the gas fired boilers.

The LP-feed pumps (4 x 33.3 %) forward the feedwater to the LP-economizer (2P-NRH) resp. IP-
economizer (3P-RH) of the HRSG's.

8.1.8 Plant arrangement

The attachments sketches HAEH200192/01 to 04 give a rough idea how the CCPP could be
arranged, using F-class gas turbines. To avoid unnecessary long steam piping, five gas turbines with
HRSG'’s could be arranged on the right side, the other 4 on the left side of the steam turbine building.

HAEH200192/05 shows a possible arrangement of the GFSPP with 3 gas fired boilers.

The steam and water piping between steam turbine building and the HRSG's resp. gas fired boilers
will be arranged on pipe racks.
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9 Description of the Options

The Options have been calculated with the following assumptions:

Site conditions as specified in Table 3

F-class gas turbine performance as specified in Table 4

E-class gas turbine performance as specified in Table 5

Identical fuel input (Options 1 to 7). Option 3 has additional fuel input for duct firing
» Fuel input for 9 F-class gas turbines = Fuel input for 14 E-class gas turbines

» Fuel input for 5 F-class gas turbines = Fuel input for 8 E-class gas turbines
HRSG design parameters as specified in Table 6

Gas fired boiler efficiency = 93 %

Performance of the HP-turbine as given in OEM-heat balance ZW 91/001 3N
Performance of the LP-turbine as given in OEM-heat balance ZW 91/001 3N

Estimated performance of new blading sections, considering increased axial expansion and
available axial space in MK-HP-outer casing

Identical condenser dimensions and materials as well as cooling water inlet conditions for all
Options

Sliding pressure operation (HP and LP) according to Figure 9

Sliding / fixed pressure operation

120

[ [
100 /
80 /

ure (%)

HP-steam press

40

00 10 20 30 4.0 50 6.0 70 8.0 9.0 100
Number of F-class gas turbines in service

Figure 9 Sliding pressure operation
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9.1 Option 1

The cycle presented with Option 1 is a 2P-NRH (dual pressure non reheat) cycle. Each gas turbine is
connected to its own HRSG. HP-steam is produced (evaporation and superheating) in the high
temperature section of the HRSG. In the lower temperature section the HP-feedwater is preheated. In
order to reduce the stack gas temperature as much as possible also LP-steam is produced. A further
reduction of the stack gas temperature will be achieved by extracting feedwater for fuel gas
preheating as well as for condensate preheating in the deaerator-feedwater-tank. Duct firing is not

foreseen for Option 1.
[ ] Existing components
—'Ea—o— [ Mew components
[EZ25 Retrofited components
%D % \\\L//

= HP LP /G}:I
HRSG | -

v

Figure 10 Option 1 (Dual pressure non reheat cycle)

The assumption was made that the HP-turbine from MK is able to be safely operated with increased
steam temperature up to 470 °C. If Option 1 should finally be an economically interesting solution
careful stress analysis of the HP-stop and control valves, connection piping from valve casing to HP-
turbine, inner and outer HP-casing, rotor and HP-blading will be necessary. In addition the axial
differential expansion has to be revived carefully.

The produced HP-steam from the HRSG's is collected in 2 headers which are arranged on each side
of the steam turbine. The stop valves of the steam turbine are connected to the headers with four

pipes.
The LP-steam is collected in a common pipe which is directly connected to the new LP-stop valves.

Connection pipes from the LP-control valves to the new crossover pipes between HP- and LP-turbine
are required.

Since the HP-steam flow in CC-mode is only 60 % of the steam flow as it was in MK (Figure 5) the
HP-steam pressure will be lower than in MK. In order to prevent the LSB from severe erosion the
exhaust wetness must be limited. The attached diagram HAEH200189/37 shows that the HP-steam
temperature has to be increased to 470 °C to reduce the exhaust wetness to 12 %. The wetness
depends mostly from the HP-steam conditions and from the condenser pressure. During wintertime
the cooling water temperature may drop down to 16 °C, resulting in a lower condenser pressure and
increased exhaust wetness (HAEH200189/38).
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According to Figure 5 the LP-inlet flow is marginal higher then the HP-exhaust flow, i.e. the LP-steam
production is little. With a single pressure HRSG (no LP-steam production) the plant output would be
reduced by ~ 9.2 MW, the net plant efficiency by ~ 0.14 %-points with the maximal numbers of gas
turbines in service.

The heat balances HAEH200181/01 and /02 show the plant performance with 9 respectively 5 F-class
gas turbines in service.

The heat balances HAEH200181/11 and /12 show the plant performance with 14 respectively 8 E-
class gas turbines in service.

The diagram HAEH200189/36 shows the net cycle performance vs. the number of F-class and E-
class gas turbines in service. Over a wide operation range (Fuel input = 3500 to 6400 MW) a constant
plant efficiency can be expected.

Expected scope for Option 1:

o 9 F-Class gas turbines

e 9 dual pressure non reheat HRSG’s without duct firing

e Minimal modification of MK steam turbine

e Complete Balance of Plant

e Instrumentation

e Complete electric part (MCC, DCS, power and control cabling)
e Step up and auxiliary transformers

e Switchyard

o Civil part

9.2 Option 2

The cycle presented with Option 2 is a 2P-NRH cycle. Each GT is connected to its own HRSG. HP-
steam is produced (evaporation and superheating) in the high temperature section of the HRSG, in
the lower temperature section the HP-feedwater is preheated. In order to reduce the stack gas
temperature as much as possible also LP-steam is produced. A further reduction of the stack gas
temperature will be achieved by extracting feedwater for fuel gas preheating as well as for
condensate preheating in the deaerator-feedwater-tank. Duct firing is not foreseen for this Option.

In order to increase the plant efficiency of Option 1 the HP-steam pressure and -temperature have to
be increased, thus the following components have to be replaced / new installed:

e HP-stop- and control valves
¢ Piping between control valves and HP-casing
¢ HP-Inner casing with stationary blading

e HP-rotor with rotating blading
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Figure 11 Option 2 (Dual pressure non reheat cycle)

With HP-steam temperatures of 565 °C the HP-steam pressure must be lower than 82 bar(a) in order
to prevent severe erosion of the LSB.

The heat balances HAEH200182/01 and /02 show the plant performance with 9 respectively 5 F-class
gas turbines in service.

The heat balances HAEH200182/11 and /12 show the plant performance with 14 respectively 8 E-
class gas turbines in service.

The diagram HAEH200189/35 shows the net cycle performance for different number of F-class resp.
E-class gas turbines in service.

Expected scope for Option 2:

e 9 F-Class Gas Turbines

e 9 dual pressure non reheat HRSG'’s without duct firing

o Modified MK steam turbine (Retrofit of HP-turbine, see above)
e Complete Balance of Plant

e Instrumentation

o Complete electric part (MCC, DCS, power and control cabling)
e Step up and auxiliary transformers

e Switchyard

o Civil part
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9.3 Option 3

The cycle presented with Option 3 is a 2P-NRH cycle. It is similar to Option 2, but the HRSG’s are
equipped with duct burners in order to increase the plant output.

Because of the increased HP-steam parameters the following components have to be replaced / new
installed:

¢ HP-stop- and control valves
¢ Piping between control valves and HP-casing
e HP-Inner casing with stationary blading

e HP-rotor with rotating blading

[ ] Existing components

:| New components

[EZ57] Retrofited components
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v

Figure 12 Option 3 (Dual pressure non reheat cycle with duct firing)

With HP-steam temperatures of 565 °C the HP-steam pressure must be lower than 82 bar(a) in order
to prevent severe erosion of the LSB.

The attached heat balances HAEH200183/01 show the cycle performance with 9 F-class gas turbines
in service. The maximal duct firing temperature has to be limited to 673 °C to prevent overloading of
the generator. The heat balance HAEH200183/02 shows the cycle with only 5 gas turbines in service
with maximal duct firing of 800 °C.

The heat balances HAEH200183/03 and /04 show the plant performance without duct firing.

With 7 F-class gas turbines and the HRSG’s with maximal duct firing (800 °C) the output exceeds
somewhat the nominal generator load of 1308 MW (HAEH200183/05).

The diagrams HAEH200189/46 and /47 show the influence of duct firing to the plant performance with
F-class gas turbines. With the maximal duct firing temperature of 800 °C the net plant output will be
increased up to 12.2 % but the net plant efficiency drops up to 3.9 % relative.

2011-04-01 / Rev. e) 2011-04-30 HAEH200193 Page 25



MK-Conversion

Expected scope for Option 3:

9 F-Class Gas Turbines with duct fired HRSG

9 dual pressure non reheat HRSG’s with duct firing

Modified MK steam turbine (Retrofit of HP-turbine, see above)
Balance of Plant

Instrumentation

Complete electric part (MCC, DCS, power and control cabling)
Step up and auxiliary transformers

Switchyard

Civil part

9.4 Option 4

The cycle presented with Option 4 is a 2P-NRH cycle. It is similar to Option 2. In order to avoid
retrofitting of the existing HP-turbine (provided that the existing HP-turbine can be operated with an
inlet temperature of at least 462 °C) a new topping turbine with generator for high inlet conditions
could be installed. Duct firing is not foreseen for Option 4.

To limit the exhaust wetness to 12 % the HP-steam pressure upstream the stop valves of the topping
turbine must be lower than 82 bar(a) with a HP-steam temperature of 565 °C.

[ Existing components

[ New components

EE2] Retrofited components

v

Figure 13 Option 4 (Dual pressure non reheat cycle with new topping turbine)
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Required steam turbine modifications and new components:

e The existing stop and control valves will not be used anymore.

e New connection pipes from the exhaust of the new topping turbine to the inlet of the MK-HP-
turbine

¢ New topping turbine with a speed of 3000 rpm and high steam parameters consisting mainly of:
» Stop and control valves
» Topping turbine ~ 200 MW
» Generator with a capability of at least 250 MVA and required electrical equipment
» Complete auxiliary equipment

The attached heat balances HAEH200184/01 and /02 show the plant performance with 9,
respectively 5 F-class gas turbines in service.

The diagram HAEH200189/34 shows the net cycle performance for different number of F-class and
E-class gas turbines.

Expected scope for Option 4:

e 9 F-Class Gas Turbines

e 9 dual pressure non reheat HRSG’s without duct firing

¢ Modified MK steam turbine and new topping turbine (see above)
e Balance of Plant

e Instrumentation

¢ Complete electric part (MCC, DCS, power and control cabling)

e Step up and auxiliary transformers

e Switchyard

o Civil part

9.5 Option 5

The cycle presented under Option 5 is a 3P-RH (triple pressure reheat) cycle. With the reheat cycle
we can expect the best possible cycle efficiency using the MK-steam turbine.

Each gas turbine is connected to its own HRSG. In the high temperature section of the HRSG HP-
steam (evaporation and superheating) is produced and the cold reheat and IP-steam reheated. In the
lower temperature sections of the HRSG, feedwater is preheated as well as IP- and LP-steam
produced. A further reduction of the stack gas temperature will be achieved by extracting feedwater
for fuel gas preheating as well as preheating of condensate in the deaerator-feedwater-tank. Duct
firing is not foreseen for Option 5.
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Figure 14 Option 5 (Triple pressure reheat cycle)

In order to realize the maximal plant efficiency HP-steam pressure and temperature have to be
increased. To avoid too high LP-inlet steam temperature (Hot reheat steam temperature of 565 °C)
the minimal IP-turbine inlet pressure has to be higher than 33 bar(a). The assumption has been
made, that the temperature at the LP-inlet should not exceed 350 °C. If this option should be an
economically interesting solution the MK-HP-outer casing and the LP-inlet section must be reviewed
carefully.

Required steam turbine modifications and new components:

¢ New HP-Turbine with stop and control valves. The front end of the new HP-rotor should fit into the
existing front bearing pedestal.

e A new bearing pedestal between HP- and IP-turbine

e New Intercept stop- and control valves for the IP-turbine

o New inner block for the IP-turbine (Inner casing, rotor and blading)

The outer casing from the existing HP-turbine would be used as the outer casing for the IP-turbine.
The limit for the maximal HP-steam pressure is the available axial space in the new HP-casing.

With F-class gas turbines steam temperatures of 565 °C for HP- and reheat steam can be reached
Due to the high hot reheat temperature of 565 °C the wetness after LSB will be lower than 9 %.

The heat balances HAEH200185/01 and /02 show the plant performance with 9 respectively 5 F-class
gas turbines in service.

Steam temperatures of maximal 515 °C (HP- and reheat steam) can be reached with E-class gas
turbines since the exhaust gas temperature is more than 100 K lower than with F-class gas turbines.

The heat balances HAEH200185/11 and /12 show the plant performance with 14 respectively 8 E-
class gas turbines in service.
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The larger performance difference compared with Option 1 is based on the fact that the exhaust gas
temperatures of the E-class gas turbines are too low to produce HP- and reheat steam with a
temperature of 565 °C.

The diagram HAEH200189/48 shows the net cycle performance for different number of F-class and
E-class gas turbines in service.

With 9 F-class gas turbines in service the generator of the steam turbine will be overload by 4.7 %
when operating with a power factor of 0.8

Expected scope for Option 5:

e 9 F-Class Gas Turbines

e 9 Triple pressure reheat HRSG’s without duct firing

¢ Moadified MK steam turbine (see above)

e Balance of Plant

e Instrumentation

e Complete electric part (MCC, DCS, power and control cabling)
e Step up and auxiliary transformers

e Switchyard

o Civil part

9.6 Option 6
The cycle presented with Option 6 is a 3P-RH cycle. It is similar to Option 5 with the same HP- and

reheat-steam conditions.
[ ] Existing components
— E _°_ ] New components
[ZZ777] Retrofited components
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Figure 15 Option 6 (Triple pressure reheat cycle with new HP / IP1 turbine)
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To reuse the MK-HP-turbine without major changes it was the idea to split the IP-expansion into two
sections (IP1 and IP2). HP and IP1 are installed in a new casing. The existing HP-turbine (some
stages removed) is used as IP2. The inlet temperature of IP2 should not exceed 480 °C, assuming
the existing HP-turbine (now IP2) can be safely operated with an inlet temperature of 480 °C (see
Option 1).

The heat balances HAEH200186/01 and /02 show the plant performance with 9 respectively 5 F-class
gas turbines in service.

Required steam turbine modifications and new components:

¢ A complete new combined HP/IP1-turbine with stop- and control valves (HP and Hot reheat)
¢ New bearing pedestal between IP1 and IP2.

The limit for the maximal HP-steam pressure is the available space for the HP-blading.

The existing HP-turbine will be used as second part of the IP-turbine (IP2)

Due to the high hot reheat temperature of 565 °C the wetness after LSB will be lower than 9 %.

To limit the temperature at the inlet of IP2 to 480 °C, some stages of the existing HP have to be
removed with the effect that the steam velocity at the inlet of the existing HP-casing exceeds by far
the maximal tolerated value of 60 m/s.

==> Option 6 is not a feasible solution and will not be pursued.

9.7 Option 7

The cycle presented with Option 7 is a 3P-RH cycle. It is similar to Option 5 with similar HP- and
reheat-steam temperatures.

Similar Idea than with Option 6: Reuse the MK-HP-turbine as far as possible as a second part of the
IP-section. HP and first part of the IP-turbine are arranged in a separate unit including generator with
3000 rpm.

Existing compenents

[ New components

[F277] Retrefited components
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Figure 16 Option 7 (Triple pressure reheat cycle with new separate HP / IP1 turbine)

In order to reduce the steam velocity at the inlet of the MK-HP-turbine less stages have been
removed (compared with Option 6) with the disadvantage that the inlet temperature exceeds 480 °C,
which is for the existing HP-rotor, inner casing and blading not acceptable. Even with the increased
inlet pressure the velocity is still 100 m/s, which is not acceptable.

The heat balances HAEH200187/01 and /02 show the plant performance with 9 respectively 5 F-class
gas turbines in service.

==> Option 7 is not a feasible solution and will not be pursued.

9.8 Option 8

As a request from 3Y the performance for the use of the MK-steam turbine together with a natural gas
fired boiler should be calculated as a reference.

The efficiency of such conventional steam cycle (GFSPP) is lower than of a CCPP. Since the fuel cost
for natural gas has increased dramatically in the last 20 years, GFSPP became more and more
uneconomical. Repowering (replacement of gas fired boilers with gas turbines and HRSG’s) of such
plants was the only option make such plants profitable again.

In a conventional steam cycles the condensate and feedwater is preheated with steam extracted from
the steam turbine. The flow distribution through the turbine is similar as shown on Figure 5 for the
nuclear cycle.

[[___] Existing components

[ New components

[Z] Retrofited components
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Figure 17 Option 8 (Conventional non reheat steam cycle with gas fired boiler)

Using the existing HP-turbine without modification the HP-steam temperature has to be increased to
508 °C (HAEH200191/01) to prevent severe erosion damage of the last stage blade of the LP-turbine.
We have to assume that the existing HP-turbine without modifications can’t be safely operated (most
probably) with such a high inlet temperature. The required replacement of the HP-turbine internals
allows an increase of the HP-steam conditions in order to achieve a better cycle efficiency.
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The heat balances HAEH200191/11 show the maximal plant output with gas fired boilers. The
maximal output is limited by the existing generator to 1308 MW (PF = 0.8).

The extraction steam temperature to the HP-preheaters would be increased up to 180 K. We have to
assume that the HP-heaters have to be replaced.

Required steam turbine modifications and new steam turbine components:

HP-stop- and control valves
Piping between control valves and HP-casing
HP-Inner casing with stationary blading

HP-rotor with rotating blading

Expected scope for Option 8:

3 gas fired HP steam boilers

Modified MK steam turbine (see above)

Balance of Plant

Instrumentation

Complete electric part (MCC, DCS, power and control cabling)
Step up and auxiliary transformers

Switchyard

Civil part
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10 Performance Summary

10.1 Performance with F-class gas turbines and gas fired boilers

Option 1 | Option 2 Option 3 Option 4 | Option5 | Option 6 | Option 7 | Option 8
- HAEH HAEH HAEH HAEH HAEH HAEH HAEH HAEH HAEH
200181 200182 200183 200183 200184 200185 200186 200187 200191
Sheet 01 01 03 01 01 01 01 01 11
Revision - - a) a) a) c) a) a) b)
Number of F-class gas turbines in service 9 9 9 9 9 9 9 0
HP-steam pressure at steam turbine stop valve 46.5 82.0 78.0 81.7 83.0 148.5 141.0 120.3 82.0 bar
HP-steam temperature at steam turbine stop valve 470 565 565 565 565 565 565 563 565 °C
Hot reheat steam temperature at intersept stop valve n/a nfa n/a n/a n/a 565 565 565 n/a °C
Total fuel input for gas turbines at LOS 6383.8 6383.8 6383.8 6383.8 6383.8 6383.8 6383.8 6383.8 0 MW
Additional fuel input for duct firing at LOS 0 0 0 130.4 0 0 0 0 0 MW
Total fuel input for gas fired steam boilers at LOS 0 0 0 0 0 0 0 0 3465.2 MW
Total power output at generator terminals of gas turbines 23433 23433 23433 23433 23433 2327.6 2327.6 2327.6 0 MW
Power output at generator terminals of MK-steam turbine 1149.2 1254.8 1254.0 1308.0 1052.5 1369.6 1359.6 1001.9 1308.0 MW
Power output at generator terminals of topping turbine 0 0 0 0 204.0 0 0 340.9 0 MW
Estimated plant auxiliary power 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 70.0 MW
Net plant output (low voltage side of step up transformer) 3438.5 3544.1 3543.3 3597.3 3545.7 3643.2 3633.3 3616.4 1238.0 MW
Wetness after last stage blade 12.0 12.0 11.7 11.8 12.0 7.7 8.4 8.2 121 %
Net plant efficiency (low voltage side of step up transformer) 53.86 55.52 55.50 55.22 55.54 57.07 56.91 56.65 35.73 %
Net plant output difference to Option 1 0 105.6 104.8 158.9 107.3 204.7 194.8 177.9 -625.6 MW
No With Not Not see
Comment duct duct feasile feasile HAEH
firing firing solution solution 200189/39
Table 7 Performance summary with F-class gas turbines and gas fired boiler
10.2 Performance with E-class gas turbines
Option 1 Option 2 Option 5
ERRREHANTy 2?)25:1 2%25;2 2%25;5 e
Sheet 11 11 11
Revision a) a) a)
Number of E-class gas turbines in service 14 14 14 (0]
HP-steam pressure at steam turbine stop valve 40.9 57.0 148.5 bar
HP-steam temperature at steam turbine stop valve 470 512 515 °C
Hot reheat steam temperature at intersept stop valve n/a n/a 515 °C
Total fuel input for gas turbines at LOS 6383.8 6383.8 6383.8 MW
Total fuel input for supplementary firing at LOS [0} [0} [0} MW
Total fuel input for gas fired steam boilers at LOS [0} [0} [0} MW
Total power output at generator terminals of gas turbines 2254.0 2254.0 2246.3 MW
Power output at generator terminals of MK-steam turbine 1052.9 1094.5 1207.0 MW
Power output at generator terminals of topping turbine [0} [0} [0} MW
Estimated plant auxiliary power 54 54 54 MW
Net plant output (low voltage side of step up transformer) 3252.9 3294.5 3399.3 MW
Net plant efficiency (low voltage side of step up transformer) 50.96 51.61 53.25 %
Wetness after last stage blade 11.5 12.0 10.1 %
Output difference to Option 1 0.0 41.6 146.4 MW
Output difference compared to F-class gas turbines -185.6 -249.6 -243.9 MW
Rel efficiecy compared with F-class gas turbines -5.4 -7.0 -6.7 %
Table 8 Performance summary with E-class gas turbines
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Figure 18 (same as figure 1) shows the net plant output for the Options 1 to 7. Duct firing of Option 3
is not in service therefore the total fuel input into the cycle is identical for all Options.

Net Plant Output
(Total fuel input = constant)
4000
@9 F-Class-gas turbine / No duct firing / Feasible solution
09 F-Class-gas turbine / No duct firing / Not feasible solution
3800 {—
014 E-Class-gas turbine / No duct firing / Feasible solution
s 3643.2 36333 616.4
‘g 280 3544.1 3543.3 3545.7
5
€ 3438.5
= 3399.3
= 3400 -
3 3294.5
< 3252.9
3200 -
3000 - ‘ ‘
Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 Option 7

Figure 18 Net plant output with F- and E-class gas turbines

It shows also that the net plant output with E-class gas turbines is in the range of 185 to 250 MW
lower than with F-class units, resulting in a yearly loss of income in the range of 69 to 94 Mil €.

Retrofitting of the HP-turbine to allow increased HP-steam conditions (Options 2 to 4) results in
increased net plant output of more than 100 MW

A complete new steam turbine generator with 3000 rpm (Option 4) does not improve the plant
performance.

Option 5 (3P-RH-cycle) shows a net plant output of 3643 MW which is more than 200 MW higher than
of Option 1.

10.3 Influence of duct firing

The Figures 19 and 20 show the net plant performance for Option 3 with and without duct firing. Up to
7 gas turbines in service it is possible to operate with maximal duct firing temperature. With more than
7 gas turbines in service the duct firing temperature has to be reduced to prevent overloading of the
steam turbine generator. With duct firing the net plant output can be increased up to 337 MW (see
HAEH200189/46), corresponding to 12 % of the plant output, but the efficiency will be lower up to 2.2
%-points (HAEH200189/47).

With 9 F-class gas turbines in service it is not possible to operate all HRSG’s at with maximal duct
firing temperature to prevent overloading of the generator, with 7 or less gas turbines it is possible to
operate with the maximal duct firing temperature of 800 °C.

Duct firing might be an interesting solution to produce peaking power.
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Option 3/ Net Plant Output with/without duct firing

4000
B Net plant output / no duct firing 35073
O Net plant output / maximal duct firing 3543.3 )
3500
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Figure 19 Influence of duct firing to the plant output (Option 3)

Option 3/ Net Plant Efficiency with/without Duct Firing
65

B Net plant efficiency / no duct firing

B Net plant efficiency / maximal duct firing

2]
o

55.49 55.56 55.50 5599

Net plant efficiency (%)
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al
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o

45

Number of gas turbines in service

Figure 20 Influence of duct firing to plant efficiency (Option 3)

10.4 Performance of the Gas fired boilers solution (Option 8)

The plant output is limited by the capacity of the generator of the steam turbine resulting in a lower
fuel input compared to the CCPP.

Die diagram HAEH200189/39 shows the net plant output of the CCPP (Option 1) and the GFBPP
(Option 8) vs. the fuel input. The net plant output of Option 8 is about 625 MW lower as of Option 1
with the identical fuel input.
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11 Economical Evaluation

11.1 Options 1to 5 (Combined cycle options)

The following Table 9 compares the Options 2 to 5 with the base Option 1 concerning plant output
and efficiency and economical figures, which are based on assumed utilization of 7’500 hours/year
and an electricity price of 50 €/ MWh.

In comparison to the investment cost of Option 1 we elaborated the following cost differential to the
recommended options:

Option 1| Option 2| Option 3| Option 3| Option 4| Option 5
Number of F-class gas turbines in service 9 9 9 9 9 9
Duct firing on/off n/a n/a - on n/a n/a
Additional fuel input for duct firing at LOS 0.0 0.0 0.0 130.4 0.0 0.0 MW
Total fuel input at LOS 6383.8 | 6383.8 | 6383.8 | 6514.2 | 6383.8 | 6383.8 MW
Net plant output (low voltage side of step up) 3438.5 | 3544.1 | 3543.3 | 3597.3 | 3545.7 | 3643.2 MW
Net plant efficiency (low voltage side of step up) | 53.9 55.5 55.5 55.2 55.5 57.1 %
Net plant output difference to Option 1 0 106 105 159 107 205 MW
Price difference to Option 1 0 +65 +88 +88 +67 +142 | Mil Euro
Additional income per year 0 40 39 60 40 77 Mil Euro
Pay back period for additional investment 0 20 27 n/a 20 22 Month
Estimated investment cost 2000 2065 2088 2088 2067 2142 | Mil Euro
Incremental project profit 0.00 1.92 1.88 2.85 1.95 3.58 %

Table 9 Economical evaluation

The pay back periods for the additional investments of the different performance improvements for
each of the Options 2 to 5 are between 20 and 27 months.

From the different solutions in combined cycle mode Option 5 with F-class gas turbines
shows the best result concerning net plant output, net plant efficiency and incremental project
profit. With only 142 Mio € of additional investment the net plant efficiency will be up to 57.1%
(3.2 %-points higher than Option 1) and an additional yearly income of 77 Mio could be
generated with the same fuel consumption as Option 1. The pay back period for the additional
investment would be 22 months.

Option 3: Duct firing it is an interesting solution to increase the net plant output up to 12 % but the net
plant efficiency will be reduced up to 2.2 %-points. Duct firing is a cost effective option to produce
peaking power.
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11.2 Option 8 (Gas fired boilers solution)

Due to the design of the MK-steam turbine generator, the electric net power output of Option 8 is
limited to 1238 MWe (maximal generator output of 1308 MW with PF = 0.8). The net plant efficiency
would be only 35.7 % with an assumed boiler efficiency of 93 %.

e Electrical net plant output: 1238 MWe
¢ Absolute net plant output difference to Option 1 2201 MWe
e Estimated investment cost 800-1000 Mil €

Comparison of Option 8 with base Option 1 with 5 gas turbines:

The maximal fuel consumption of Option 8 is about 3465 MW which corresponds with the fuel
consumption of about 5 F-class gas turbines.

e Estimated investment cost for Option 1 with 5 GT’s 1'400 Mil €

e Estimated investment cost for Option 8 900 Mil €

¢ Net plant output difference to Option 1 (5 GT's) 626 MWe (see HAEH200189/39)
¢ Additional income of Option 1 per year 235 Mil €

e Pay back period for additional investment for Option 1 20 Months

11.3 Conclusions and recommendations

11.3.1 Gas fired boiler solution

The gas fired boiler solution (Option 8) is no longer a state of the solution, because of the poor
efficiency compared with combined cycle applications. The maximal net plant output would be only 36
% compared with Option 1 with 9 F-class gas turbines and the net plant efficiency would be only 35.7
%. Additionally Option 8 would require in any case similar steam turbine modifications like Option 2 or
3 to prevent severe erosion of the last stage blade of the LP-turbine. With the identical fuel input like
the Option 1 with ~ 5 gas turbines in service (see HAEH200189/39) the yearly loss of income would
be 235 Mio € per year. The lower investment cost would be highly compensated by the yearly loss of
income.

Natural gas is a high quality fuel and should be applied by using the most sophisticated power
plant technology, in this case the gas turbine technology in combined cycle mode.

==> Therefore we cannot recommend the application of gas fired boiler solution (Option 8)
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11.3.2 Combined cycle with E-class gas turbines

The plant performance with E-class gas turbines would be lower (Figure 1) due to lower gas turbine
efficiency and exhaust gas temperature:

e The net plant output would be 185 to 250 MW lower (depending on the Options), resulting in a
yearly loss of income in the range of 69 to 94 Mil €

e Higher investment cost (14 instead of 9 gas turbines with HRSG's, electrical equipment,
foundations, piping systems ...).

==> Therefore we can not recommend the installation of E-Class Heavy Duty Gas Turbines.

11.3.3 Combined cycle with F-class gas turbines
With F-Class Heavy Duty Gas Turbines and retrofitted MK-steam turbine it would be possible to reach
state of the art performance level of modern CCPP.

==> Qur recommendation is to install F-class gas turbines

11.3.4 Duct firing

Duct firing as exemplary shown with Option 3 is a cost effective solution to produce peaking power
and is applicable to all CC-Options.

==> Qur recommendation is to consider the implementation of duct firing related to the
preferred Option.

11.3.5 Preferred combined cycle Options

Option 2 requires less modifications of the steam turbine than option 5, thus the technical conversion
risk is lower. The achievable efficiency is better than of Option 1 by 1.7 %-points however 1.5 %-
points worse compared to Option 5. Option 2 is a feasible solution with lower investment cost and
lower benefits.

From the different combined cycle solutions Option 5 with F-class gas turbines shows the best result
concerning net plant output, net plant efficiency and incremental project profit. With the additional
investment of 142 Mio € an additional yearly income of 77 Mio could be generated; the pay back
period for the additional investment would be 22 month.

Due to the size of the Power plant the economical figures are dominating the evaluation of the
different Options.

==> Our recommendation is to choose Option 5 for further detailed analysis and engineering.
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Additional income compared to Option 1 Incremental project profit

Additional income per year
(Mio €ly)
D
o
Incremental project profit (%)
N

Option 1 Option 2 Option 3 Option 4 Option 5 Option1  Option2  Option3  Option4  Option 5

Figure 21 Additional income Figure 22 Incremental project profit

11.3.6 Recommendation for project realization

In order to minimize the working capital we recommend a step by step power plant realization, starting
with the installation of 4 to 5 F-Class gas turbines (Open cycle), followed by the extension to
combined cycle plant. With such an approach revenue could be generated already in an early phase.
The impact to net plant efficiency in CC-mode is more or less negligible (< 0.3 %-points).

A possible approach for a rapid development of electric power production is the following:

First step of construction stage:

¢ Installation of main foundations and buildings (turbine hall, plant control centre, workshops, storage
rooms, social buildings, etc)

¢ Installation of 4 to 5 F-Class gas turbines for open cycle operation
¢ Installation of switch gear and connection of the power plant to the national grid

e Energy production may already start with the commissioning of the first unit.

Second step of construction stage:
¢ Installation of the MK-Steam turbine, HRSG’s and appropriate piping and ductwork system
¢ Installation of water steam cycle (balance of plant)

e Start up of combined cycle power plant with the 4 -5 F-Class gas turbines

Third step of construction stage:

e Extension of switch gear
¢ Installation of the remaining 5 to 4 F-Class gas turbines with the appropriate HRSG’s
¢ Installation of the remaining water steam cycle (balance of plant)

e Start up of all out operation for electric power production
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12 Next steps and project outlook

8 options have been economically and technically evaluated as mutual agreed between 3y and Reex-
Fuss-TKS. Preferable Options have been extracted and proposed for further investigation.

We propose the following procedure:

e Customer to decide his preferred option

o Customer decision of project structure (Turnkey-EPC, different lots ...)
¢ Definition of site and boundary condition

o Defining of the different engineering and organisational tasks
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13 Attachments

ZW 91/001 3N

HAEH200181/01
HAEH200181/02
HAEH200181/11
HAEH200181/12
HAEH200182/01
HAEH200182/02
HAEH200182/11
HAEH200182/12
HAEH200183/01
HAEH200183/02
HAEH200183/03
HAEH200183/04
HAEH200183/05
HAEH200184/01
HAEH200184/02
HAEH200185/01
HAEH200185/02
HAEH200185/11
HAEH200185/12
HAEH200186/01
HAEH200186/02
HAEH200187/01
HAEH200187/02
HAEH200189/34
HAEH200189/35
HAEH200189/36
HAEH200189/37
HAEH200189/38
HAEH200189/39
HAEH200189/45
HAEH200189/46
HAEH200189/47
HAEH200189/48
HAEH200191/01
HAEH200191/11
HAEH200192/01
HAEH200192/02
HAEH200192/03
HAEH200192/04
HAEH200192/05

OEM Heat balance

Option 1 / Heat balance with 9 typical F-class gas turbines in service

Option 1 / Heat balance with 5 typical F-class gas turbines in service

Option 1 / Heat balance with 14 typical E-class gas turbines in service

Option 1 / Heat balance with 8 typical E-class gas turbines in service

Option 2 / Heat balance with 9 typical F-class gas turbines in service

Option 2 / Heat balance with 5 typical F-class gas turbines in service

Option 2 / Heat balance with 14 typical E-class gas turbines in service

Option 2 / Heat balance with 8 typical E-class gas turbines in service

Option 3 / Heat balance with 9 typical F-class gas turbines in service, with duct firing
Option 3 / Heat balance with 5 typical F-class gas turbines in service, with duct firing
Option 3 / Heat balance with 9 typical F-class gas turbines in service, duct firing off
Option 3 / Heat balance with 5 typical F-class gas turbines in service, duct firing off
Option 3 / Heat balance with 7 typical F-class gas turbines in service, with duct firing
Option 4 / Heat balance with 9 typical F-class gas turbines in service

Option 4 / Heat balance with 5 typical F-class gas turbines in service

Option 5 / Heat balance with 9 typical F-class gas turbines in service

Option 5 / Heat balance with 5 typical F-class gas turbines in service

Option 5 / Heat balance with 14 typical E-class gas turbines in service

Option 5 / Heat balance with 8 typical E-class gas turbines in service

Option 6 / Heat balance with 9 typical F-class gas turbines in service

Option 6 / Heat balance with 5 typical F-class gas turbines in service

Option 7 / Heat balance with 9 typical F-class gas turbines in service

Option 7 / Heat balance with 5 typical F-class gas turbines in service

Option 4 / Plant output and efficiency with F-class and E-class gas turbines

Option 2 / Plant output and efficiency with F-class and E-class gas turbines

Option 1 / Plant output and efficiency with F-class and E-class gas turbines

Option 1 / Influence of the HP-steam temperature to the wetness after LSB

Option 1 / Influence of the cooling water temperature to the wetness after LSB
Difference of net plant output between Option2 and Option 8

Condenser design

Option3 / Influence of duct firing to the net plant output with F-class gas turbines
Option3 / Influence of duct firing to the net plant efficiency with F-class gas turbines
Option 5 / Plant output and efficiency with F-class and E-class gas turbines

Option 8 / Heat balance with gas fired boiler / minimal HP steam temperature
Option 8 / Heat balance with gas fired boiler / HP steam temperature = 565 °C
Plant layout for Options 1, 2, 3

Plant layout for Option 4

Plant layout for Option 5, 6

Plant layout for Option 7

Plant layout for Option 8
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210.1|T @@“i 2354.7 |H
2877.8(H 447.9 [H 598.796 |M
5.977 M 45.203 |M :
»
o HRse 2 623.2 H 763%38 L
72.227 M >
50.0 1 293 T
@ - 251.1 H 0.0 M
725.841 M MAKE UP
66.00|P  15.00|P 36.6
60.7T  60.2(T 154.9 0.0 M _ @
259.5|H  253.0|H 599.51M 20.00 [P
HRSG 2—X[— 605.794 [M 120.047 |M 35.7|T
151.2|H
3397.3 H
HRSG 2—X 0.500 M
1018 T
106.8 H
3241.3 H
0.226 M
FROM GSL
. ETAnet = [XPGT + PST — PAUX] * 100 / QCH P = Pressure bar Fuel = Natural gas Revision: a)
MK—CONVERSION / Option 1 Paux = 30000 kW T = Temperature bar LHV = 46000 ki/kg [ 2010413 / &
STEAM TURBINE AS IT IS Pnet = 1813992 kW H = Enthalpy kd/kg Tamb = 25,0 T Ssuea:
, ETAnet = 51.15 % M = Mass flow  kg/s Pamb = 1.013 P
8 TYPICAL E—CLASS GT'S IN SERVICE X = Moisture % Rh 60.0 % HAEH200181—-12




)

1323.9[H
5.998 M 7.703 P 7.626 P
150 T 150.0 T 2412 T 2405 T _
0 15.420 M 15.420 M o355 2951111 KA = 31.8 kJ/kg
g — — 1012.6 M mé 1062.4 |M
Qe = 709310 kW Qe = 713912 kW P = 260366 kW

R, =1254779 kW
556.7 |H ETAgr= 36.47 % ETA, = 9892 %

/

5.998M — ® . :@:I — HP LP :@:
T
|

(c8) GT
1.038 P | 7.902|P
654.5 T ! @ 229.2(T / 12.05 X
732.8 H @ 2905.2 H |
632.600 M 49.788|M
0.145 M ) 8195 p
Des ¢ 253 ¢ |
35566 1 3553.9 H |
A 1016.464 M 0.000 M
112.940 M - @ .
RR<=H]
HRSG 2—X_>—] 0.0|M
2514.0 [H
8.165 P ~ [HRSG 2—X 17.328|M 0.086 P
230.6|T @ g 1298
Sesm 3% 71 1048.204 M
5.532 M 53.982 [M :

_—lHRSG 2% 250 T

& 747.7 H 76403, M
25659 W | S

@ S 60.0 T 324 T

251.1 H 0.0 M
1143.894 M MAKE UP

90.00(P 15.00|P 43611

60.9|T  60.2|T 184.2(H
262.5|H 253.0|H  1048.9M 20.00|P
HRSG 2-X—11070.446|M 73.448 M 431|7
182.0|H

3553.9 H
HRSG 2-X EZI ¥ 0.500 M@
100.3 T
106.1 H 3345.1 H
0.219 M
FROM GSL

. ETAnet = [EPGT + PST — PAUX] * 100 / ¥QCH P = Pressure bar Fuel = Natural gas Revision: -)
MK—CONVERSION / OptIOﬂ 2 Paux = 54000 kW T = Temperature bar LHV = 46000 kJ/kg | a4 2011-02-21 / EH
HP—TURBINE WITH NEW INTERNALS Pnet = 3544076 kW H = Enthalpy kd/kg Tamb = 25.0 T Ssued:
, ETAnet = 55.52 7% M = Mass flow kg/s Pamb = 1.013 P
9 TYPICAL F—CLASS GT'S IN SERVICE Y = Mosture o R~ e % HAEH200182—-01




1151.8[H
9.732|M 4.267 P 4.225 P
15.0 T 150.0 T 244.6 T 2430 T _
15.420 M 15.420 M 729525 H mé 2949.3|H KA = 240 kifkg
Qqs = 709310 kW Qo = 713912 kW b 9636 M S87.7IM
o R / P, = 695865 kW
_ ST
678.9 |H ETAgr=36.47 % ETA, = 9848 %
9.732 |M
| — ® :@:I —] HP LP :@:
(cB) GT
1.038 P | 4.378|P
654.5 T | @ 207.2|T 1011 X
732.8 H I @ 2873.7H | |
632.600 M 24.116|M
0.619 MO i\ 45.63 P
! w 3045 p HRSG 2-X 565.0 T | |
: 3587.6 H | .
3590.6 H 565.942 M 0.000 M
113.188 M . @ :
R<=H]
HRSG 2—X >— 0-0LM
2525.7H
4.566 |P ~ [HRSG 2=X 8.794|M 03055.)2 g
208.7(T @ 2 2348.4|H
2875.9[H 678.91H 580.545 M
4.823|M 48.659 |M :
:
L e — 623.8 H 7633:? &
38.159 M > :
(GA)= 60.0 1 — 292 1
2511 H :
676.875 M 5 MAKE UP
36.3(7
90.00|P 15.00|P
60.9|T  60.2|T 153.8(H
262.5|H  253.0[H 581.5|M 20.00|P
HRSG 2-X 614.601|M 62.274 |M 35.3[T
149.7|H
3587.6 H
HRSG 2—X 0.500 M
90.8 T
96.0 H 3380.5 H
0.216 M
FROM GSL
. ETAnet = [ZPGT + PST — PAUX] * 100 / ¥QCH P = Pressure bar Fuel = Natural gas Revision: -)
MK—CONVERSION / Option 2 Paux = 30000 kw T = Temperature bar LHV = 46000 kJ/kg lssued: 2011-02-21 / EH
HP—TURBINE WITH NEW INTERNALS Pnet = 1967696 kW H = Enthalpy kd/kg Tamb = 250 T Ssuea:
, ETAnet = 55.48 % M = Mass flow  kg/s Pamb = 1.013 P
5 TYPICAL F—CLASS GT'S IN SERVICE X = Moisture o Rh 60.0 % HAEH200182—02




271.7 |1
1192.6 [H 7.666 P 7.590 P
15.0 T 3.501|M 150.0 T 243.7 1 241.9 T
N 9.913 M 9.913 M 20380 H mé 2934.3|H KA = 31.9 kJ/kg
Qo = 455985 kW Qo = 458943 kW 9122 M 1056.0(M
P, = 160997 kW / P, =1094533 kW
8111 ETAgr = 35.08 % ETA; = 98.86 %
347.6 |
3.501 [M
| — @ :@: — HP LP :@:I
@ GT |
7.865 (P 11.97 X
1.038 P | (B) 865 P /\
9354 1 ! 52) 2910.9|H | |
585.2 H 143.860 (M
524.800 M
0.178 M A 56.99 P
%?37; ? HRSG 2—X 512.0 T
: 34537 H |
3455.7 H 915.157 M 0.000 M
65.368 M = @ -
R&=H]
HRSG 2—X >—] 0-0IM
2516.1|H
8.105|P HRSG 2—X 16.748|M 0.40282 g
2321|T 6?“i 2326.0|H
2910.91H 3476 |H 1041.542 M
10.276 | M 49.008 [M :
:
5 FEEZ0 o, s e
55.726 M > :
800 T 325 1
@ - 251.1 H 0.0 M
1163.752 M MAKE UP
435(1
105.0[p  15.00(P
61.1[T  60.2(T 183.71H 0.0 M _ @
264.4|H 2530[H  1042.3|M 20.00(P
HRSG 2-X[—1 964.165|M 199.587 M 430|T
181.5|H
3453.7 H
HRSG 2—X EZI ¥0.500 M()
179 T
123.8 H
3269.3 H
0.224 M
FROM GSL
. ETAnet = [XPGT + PST — PAUX] * 100 / $QCH P = Pressure bar Fuel = Natural gas Revision: a)
MK—CONVERSION / Option 2 | poy = 54000 kW T = Temperature bar LHV = 46000 ki/kg [ 2oT—04—12 / B
HP—TURBINE WITH NEW INTERNALS Pnet = 3294493 kW H = Enthalpy kd/kg Tamb = 250 T ssued:
, ETAnet = 51.61 % M = Mass flow  kg/s Pamb = 1.013 P
14 TYPICAL E—CLASS GT'S IN SERVICE X = Moisture % Rh 600 % HAEH200182—11




)

24211
1048.1 [H 4.295 P 4.252 P
15.0 T 4.690 |M 150.0 T 2432 T 239.4 T
9.637 M 9.637 M 29494 H mé 2941.8|H KA = 24.1 kJ/kg
Qe = 443319 kW Qqr = 446195 kW 525.6 M 593.6|M
Pe = 156525 kW \/ R, = 618450 kW
102.0|T ETAgr = 35.08 % ETA; = 98.34 %
434.8 |H
4.690 |M
| — ® ' :@: — HP LP :@:I
©, oT .
4.406|P 10.29 X
1.038 P | () 4408 P /\
5354 1 ! 52) 2882.8|H | |
585.2 H 68.004 [M
510.200 M
0.218 M@ i 32.83 P | |
% 35?42‘5 ? HRSG 2—X 512.0 T
: 3480.0 H |
3481.9 H 527.476 M 0.000 M
65.935 M - @ :
RR&<H]
HRSG 2—X >—] 0-9LM
2521.3 [H
4.626|P @_; HRSG 2—X 9.109 [M 0305% 2
2121/ T 2343.2|H
2882.8|H 434.8 H 585.646 | M
8.501|M 37.517 |Mm :
HRSG 2—X 25.0 T
2 572.2 H 76403. M
86.791 M
60.0 1 > 29.2 1

@ - 251.1 H 0.0 M
719.789 M MAKE UP

36.3(T
105.0{P  15.00(P
61.1|T  60.2(T 153.9(H 0.0 M _ @
264.4|H 2530[n  586.4(M 20.00[P
HRSG 2-X[—] 564.994 [M 154.795|M 35.4|T

150.0|H

3480.0 H
—1 755
104.1 T@
109.2 H
? 3297.5 H
0.222 M
FROM GSL

. ETAnet = [ZPGT + PST — PAUX] * 100 / $QCH P = Pressure bar Fuel = Natural gas Revision: a)
MK—CONVERSION / Option 2 Paux = 30000 kW T = Temperature bar LHV = 46000 ki/kg [\ 2011—04—12 / EH
HP—TURBINE WITH NEW INTERNALS Pnet = 1840650 kW H = Enthalpy kJ/kg Tamb = 250 T ssued:
, ETAnet = 51.90 % M = Mass flow kg/s Pamb = 1.013 P .
8 TYPICAL E—CLASS GT'S IN SERVICE Y = Nomure o e~ 600 % HAFH200182—12




)

1103.1|H
150 T 5.5411M 150.0 T
\,15:420 15.420 M
Qgy = 709310 kW Qe = 713912 kW
oH o1 Per = 260366 kW
ETAgr= 36.47 % 8.192 P 8110 P
257§f1 E 2494 T 249.2 T KA = 32.3 ki/k
: 2948.4 H 2948.2|H : 9
| — ® 1052.7 M 1120.7|M
© oT / R, =1308014 kW
1.038 P ETA; =  98.94 %
654.5 T :
732.8 H
150 T 632.600 M — HP LP :@:‘
0.315 M i
@ = 14490 kW £
Qor = 8 E (Bx) 247.8|1 /\ 11.83 X
. @ 2944.1[H | |
795.3 H 67.974 | M
632.917 M 2517 Mo I 8174 p
* 23’74; ? HRSG 2—X 565.0 T | |
: 3554.1 H |
SRy » 1056.185 M 0.000 M
’ - @ H]
HRSG 2—-X_>— 0‘
2524.2 [H
8.515|p @ 2 18.172|M 0.0%0P
229‘:»8401 L @ ! 272.6 |H 2332.9(H
7.553|M P 49.866 [M 1105.242 )M
- 250 T
2 [HRSG 2-X > 695.1 H
e CTRCTRY + 76403. M
@ ) 0.0 1 328 1
2511 H
1228.410 M MAKE UP
4467
1200|P  15.00(P
61.3|T  60.2|T 188.4|H
266.3|H 253.0(H  1106.0|M
1106.052 M 122.358 [M
926 T
98.0 H
FROM GSL
. = — i = = (PR,
MK —CONVERSION / OptIOﬂ 3 IETAne’( [ZI;;SC')I'C-)!-OPiL PAUXT¥*100/ 5 [QCH+QDF] ? _I?ressuret Ear [:(\E/I Eg’é%rcc)ll k%c}/i Revision: a)

_ aux = = Temperature bar = qg - Y
HP—TURBINE WITH NEW INTERNALS Pnet — 3507308 kW H = Enthalpy kd/kg Tamb = 250 T Issued: 2011-04-13 / EH
WITH DUCT FIRING ETAnet = 55.22 % M = Mass flow  kg/s Pamb = 1.013 P HAEH 2001 83_01
9 TYPICAL F—CLASS GT'S IN SERVICE X = Moisture % Rh = 600 %




902.6|H
150 T 9.588 M 150.0 T
\,19:420 15.420 M
Qg = 709310 kW Qe = 713912 kW P = 260385 KW
6T
125 | ETAgr= 36.47 % 5.682 P 5625 P
9.388 |M 2470 T 247.4 T KA = 281 ki/k
- 2952.7 H 2953.4 |H g 9
| [ — ® 767.1 M 779.0 M
@ o7 / R, = 937434 kW
1.038 P ETA, = 98.76 %
654.5 T :
732.8 H
15.0 T 632.600 M — HP
2.590 M
®’ — 119091 kW &
Qor = 1.038 P (8x) P
800.0 T @ 3000.9|H
917.5 H 11.901|M
635.206 M 11.958 M )
. W1 64.48 P 59.55 P
. HRSG 2—X 565.0 T
567.9 T S e
3577.0 H 769.763 M |
153.953 M > @ ’
HRSG 2-X >—]
2528.0 [H
5007 ; . i813)n oge7?
3%83 L el 2341.3|H
2.469 [M 46.939 |M 769.108 (M
HRSG 2-X 250 T
2 [HRSG 2-X > 5278 H
o TR + 76403. M
@ S 0.0 1 305 T
2514 H
929.047 M MAKE UP
39.3[1
120.0(p  15.00[P
61.3|T  60.2|T 166.2 (H
266.3|H  253.0[H 769.9IM
816.702 |M 112.345|M
780 T
82.8 H
FROM GSL
MK —CONVERSION / Option 3 IETAne’( = [ZI;CO;SE)I-OPi'I\;V—PAUX]*mO/ ¥ [QCH+QDF] i = sressuret lta)ar EL_J:) = Eg’éuc;'cc)ll k%c;i Revision: a)

_ aux = = emperature ar = g . _ _
HP—TURBINE WITH NEW INTERNALS Pnet — 2909265 kW H = Enthalpy kd/kg Tamb = 250 T Issued: 2011-04-13 / EH
WITH DUCT FIRING ETAnet = 53.34 % M = Mass flow kg/s Pamb = 1.013 P H AEH 2001 83_ 02
5 TYPICAL F—CLASS GT'S IN SERVICE X = Moisture % Rh = 600 %




)

1112.8|H
150 T 5.448 (M 150.0 T
N 15.420 M 15.420 M
Qew = 709310 kW Qor = 713912 kW Pe = 260366 kW
6T —
268111 ETAgr = 36.47 % 7.890 P 7.811 P
5.448 |M 2307 T 2499 T KA = 32.0 ki/k
- 2952.4 H 2951.0| H . 9
| — ® 1004.4 M 1078.7|M
) T / R, = 1254010 kW
1.038 P | ETA; = 98.92 %
6545 T I
732.8 H :< : >:|
150 T 632.600 M — HP LP
0.000 M i
@ = 0 kW £
Qor = los8 P (B4 preeils /\ 1169 X
. @ 2932.0|H | |
732.8 H 74.249|M
632.600 M 1.509 M @ A 78.00 P
* 80.61 P HRSG 2—X 565.0 T | |
567.3 T S 6T
3560.6 H 1007.756 M |
111.973 M - @ : 0.000 M
R<=EH]
HRSG 2—X_>— 0’
2526.0 |H
8.230|P o [HRSG 2—X >— 17.095|M 0.&8; g
Zgg.g :1 g 2334.6|H
8.250|M R 49.030 |m 1064.166 [M
- 25.0 T
2 [HRSG 2-X > 681.9 H
o RTRT + 76403. M
@ N 500 1 325 T
2511 H
1194.127 M MAKE UP
43.9(1
120.0|P  15.00|P
61.3[T  60.2|T 185.7|H
266.3|H 253.0[H  1064.9|M
1056.786 M 137.341[M
93.8 T
99.1 H
FROM GSL
. — _ % = = A,
MK —CONVERSION / OptIOﬂ 3 IETAnet [ZIIDE)(‘.;;S-OPSk1\;v PAUXI*100/ ¥ [QCH+QDF] i _I?ressuret Ear E:c\a/l ﬁg’é%rcc)ll k?JG/Sk Revision: a)

N aux = = Temperature bar = 9 . — 04—
HP—TURBINE WITH NEW INTERNALS Pnet — 3543307 kW H = Enthalpy kJ/kg Tamb = 250 T Issued: 2011-04-13 / EH
DUCT FIRING OFF ETAnet = 55.50 % M = Mass flow kg/s Pamb = 1.013 P HAEH 2001 83_03
9TYPICAL F—CLASS GT'S IN SERVICE X = Moisture % Rh = 600 %




977.1|H
150 T 7309 M 150.0 T
0 15.420 M 15.420 M
Qe = 709310 kW Qer = 713912 kW P = 260366 K
ETAgr = 3647 % 4.361 P 4317 P
?43362 3 2535 T 2514 T KA = 24.2 ki/k
: 29705 H 2966.4 | H : 9
| — ® : 561.9 M 595.7|M
©, GT \,/ Ry = 695974 kW
1.038 P ETA; = 98.48 %
654.5 T :
732.8 H
15.0 T 632.600 M — HP
0.000 M i
& 0 kW &
o e S sl
g @ 2897.9|H
63236263 :,1‘ 33.839 M
’ 1.894 M@ A 43.64 P
! a2 85 ¢
SSo0a 3580.4 H |
. 563.927 M
112.785 M i @
HRSG 2-X >—]
2535.6 |H
4.649|P HRSG 2—X 8.707 M 0305% g
219.2|T @ y L2238
B 475 588.317|M
7.131|M ! 36.545 |M g
250 T
= YR 76403. M
39.999 M ‘* >
@ N 500 T 29.3 T

251.1 H 0.0 M
736.126 M MAKE UP

1200|P  15.00|P 3B5|T
61.3|T  60.2|T 154.6|H
266.3|H  253.0|H 589.1|M 20.00(P
600.472 |M 135.654 |M 355(T
150.4 [H
3589.4 H
— 7
849 T
89.7 H

3563.0 H
0.240 M
FROM GSL

MK —CONVERSION / Option 3 ETAnet = [ZPGT+PST-PAUX]*100/ =[QCH+QDF] P = Pressure bar Fuel = Natural gas Revision: a)
Paux = 30000 kW T = Temperature bar LHV = 46000 kJ/kg -

ESETTU:ES:SE éVIFTFH RS Pret = 1967806 kW H = Enthalpy  kd/kg | Tamb = 250 T Issued: 2011-04-13 / EH
ETAnet = 55.49 % M = Mass flow kg/s Pamb = 1.013 P

5 TYPICAL F—CLASS GT'S IN SERVICE X = Moisture % Rh = 600 % HAEH200183—-04




)

971.3|H
150 T 7428 M 150.0 T
(\15:420 W 15.420 M
Qg = 709310 kW Qg = 713912 kW B = 960386 KW
6T —
3518l ETAgr= 36.47 % 7.994 P 7.915 P
7.428|M 2444 T 2449 T KA = 321 ki/k
: 2938.2 H 2939.7|H : 9
| [ ® 1080.4 M 1098.0 |M
@ o7 / R, = 1314943 kW
1.038 P i ETA; =  98.94 %
6545 T I
732.8 H
150 T 632.600 M — HP LP :@:
2.590 M
@) = 119091 kW ]
Qor = go%g,g ? @ gg%og ? /\ 195 X
: @ 3034.4 [H | |
917.5 H 17.661|M
635.206 M 11.602 M@ ] 83.84 P
%73; $ HRSG 2—X 565.0 T | |
35543 1 1083570 M | :
154.839 M - @ : 0.000 M
RR<=H]
HRSG 2-X >— 0.01M
2519.4|H
azielp - 15721y el
33?32 L @ g 351.8[H 2329.3|H
2.523|M 51,998 |M 1085.065 M
.
[HRSG 2-X >— (o5 4 L2501
o 63.773 M * > -
Oa 60.0 1 — 326 1
2511 H :
1217.303 M MAKE UP
44.2(7
120.0|P  15.00|P
61.3|T  60.2|T 186.91H
266.3|H 253.0|H  10858|M
1135‘869 M 81.435M
822 T
87.4 H 35310 H
0.242 M
FROM GSL
. = _ * = = ian-
MK —CONVERSION / OptIOﬂ 3 IETAne’( [ZZ;B;&)P%’IA'/ PAUX]¥100/ 3 [ QCH+QDF] i ?ressuret Eor i:(\all Eg’éuoroal k%c;i Revision: a)

_ aux = = emperature ar = g . _ _
HP—TURBINE WITH NEW INTERNALS Pret — 3095506 KW H = Enthalpy kd/kg Tamb =  25.0 T Issued: 2011-04-13 / EH
WITH DUCT FIRING ETAnet = 53.38 % M = Mass flow kg/s Pamb = 1.013 P H AEH 2001 83_ 05
7 TYPICAL F—CLASS GT'S IN SERVICE X = Moisture % Rh = 600 %




R, = 203973 kW
ETAs = 98.51 %
HP1 :@:
298.6(T
1328.5|H a.32|p 7.770 P 7.692 P
15.0 T 150.0 T
4.000| M 458.4 T 242.9 T 2421 T B
(2420 M 15.420 M <>‘ 3348.7 |H 2935.9 H Eé 2934.5|H KA = 321 ki/kg
Qe = 709310 kW Qe = 713912 kW P 1016.1(M 1015.6 M 1070.0|M
or = 260366 kW 83.00|P / R: =1052456 kW
. . =
1378;; L ETAgr= 3647 % 3222‘8 L \/ ETA; = 9884 %
4.000(M 1016.908 | M
,, = X — : = — HP2
@ GT
6533 ¢ | 2 S~
7328 H B2 2907.8|H
632.600 M 40.50 P 54.374|M
0.064 My o 4579 T
: HRSG 2—X 3348.7 H
567.2 T 1016.1 M
3555.9 H |
112.990 M . @
HRSG 2-X_>—]
2516.1|H
8.299|P o 16.872|M 0.0861F
232.|T (cB)— 2324.0(H
2909.8 |H 178.1[H 1053.631| M
6.042|M 36.000 M :
o i * 76403. M
@ ) 0.0 1 > 324 1
251.1 H 0.0 M
1176.857 M
43.7|1
180.0|P  15.00|P
61.9|T  60.2[T 184.6 (H
2740(H  253.0(H  1054.4[M
1052.908 M 123.949 |M
*0:500 W
1001 T
105.8 H 31431 H
0.277 M
FROM GSL
MK —CONVERSION / Option 4 ETAnet = [ZPGT+PST—PAUX]*100/ X [QCH] P = Pressure bar Fuel = Natural gas Revision: a)
Paux = 54000 kW T = Temperature bar LHV = 46000 kJ/kg -
NEW HPT / HP2 AS IT IS Pret = 3545723 kW H = Enthalpy  kd/kg | Tamb = 250 T Issued: 2011-03-09 / Ef
ETAnet = 5554 % M = Mass flow  kg/s Pamb = 1.013 P
9 TYPICAL F—CLASS GT'S IN SERVICE X = Moisture % Rh = 600 % HAEH200184—01




R = 115004 kW

ETA 97.92 %
HP1 EH : -]
265.9( T
1162.6|H 23.08 [P 4.309 P 4.266 P
150 T 150.0 T
4.907|M 461.4|T 246.5 T 2447 T _
(2420 M 15.420 M <>‘ 3378.8 |H 2956.2 H Eé 2952.6|H KA = 242 ki/kg
Qe = 709310 kW Qqr = 713912 kW P 566.3|M S66.1 M 592.6(M
or = 260366 kW 46.30|p \l/ R: = 581685 kW
. . =
2a5olH ETAgr= 3647 % e \/ ETA; =  98.26 %
4.907|M 567.376 | M
,, = |®| :@: =  |HP2
© GT
s T | S N ak
7328 H B2 2876.5|H
632.600 M 22.62 P 26.491(M
0.545 MR oo o 461.2 T
567.7 1 LHRSC 2-X 3363 M
3590.0 H |
13.475 M . @
HRSG 2—-X >—]
2527.6 |H
4.782|P & 8.762(M 8
oraalH G+ 225.0 [H 2347.0|H
5.298 (M X 24.537 [M 584.326 (M
250 T
521.1 H
o T 76403, M
On 60.0 1 292 T
251.1 H
751194 M
36.4 (T
180.0|P  15.00(P
81.9[T  60.2|T 154.2(H
2740|H  253.0|H 585.1|M
591.913|M 159.281|M
89.6 T
94.7 H
0.275 M
FROM GSL
MK —CONVERSION / Option 4 ETAnet = [ZPGT+PST—PAUX]*100/ X [QCH] P = Pressure bar Fuel = Natural gas Revision: a)
Paux = 30000 kW T = Temperature bar LHV = 46000 kJ/kg -
NEW HPT / HP2 AS IT IS Pret = 1968519 kW H = Enthalpy  kd/kg | Tamb = 250 T Issued: 2011-03-09 / Ef
ETAnet = 5550 % M = Mass flow  Kkg/s Pamb = 1.013 P
5 TYPICAL F—CLASS GT'S IN SERVICE X = Moisture % Rh = 600 % HAEH200184—-02




[HRSG 2-X

15.0 T 10003 |1 150.0 T
15,420 M 15.420 M 7.563 P
Qs = 709310 kW Qo = 713912 kW 3503 T
Lol nesle | Bis 7o
34897 3309 =X neTolh KA = 3 kg
® G 618.190 M_,@ 883,667 }n; 953.7|M
=X N / / B, =1369558 kW
oo ] ©T Il Por = 258626 kW ~31 ETA; = 98.96 %
656.3 T ETAq= 3623 %  3384|P  153.0[p
7349 H | e 566.7|T  s67.8[T —— HP IP| (HP)
e 3atea|M  s0i0 |
Ll
= 3487 P X
3476 T 2930.0H
3100.9 H 68.845|M
3288|T 815.370 M
3055.5|H
7.205|M
2637.4|H 0.0]M
14.341(M
2646.6 H o.081lp
HRSG 239.4|H 15.032 M #1.8|s
53.792|M 2424.2 |H
2836.0(H
ol 939.709 M
250 T
76403. M
L GSS Release 19 T
666.8 [H 425 T . —
7875 p 47.168 1M 179.8 H MAKE UP
240.4 T o 940.3 M
2930.0 H 2511 H 0107 M
7.650 M 1056993 N 1065
0.0 M _ .
20.00[P ] @
50.00|P 180.0|P 420]|T
60.6|T 62.1|T 177.5|H
257.7|H 274.8|H
184.312|M 871.981|M
1085 T
114.8 H
MK —CONVERSION / Option 5 ETAnet = [EPGT+PST—PAUX]*100/ 5 [QCH] P = Pressure bar Fuel = Natural ga/s Revision: c)
Paux = 54000 kW T = Temperature bar LHV = 46000 kJ/kg )
NEW HP / NEW INTERNALS FOR IP Pnet — 3643194 KW H = Enthalpy kd/kg Tamb = 250 T Issued: 2011-04-13 / EH
ETAnet =  57.07 % M = Mass flow  kg/s Pamb = 1.013 P
9 TYPICAL F—CLASS GT'S IN SERVICE X = Moisture % Rh = 600 % HAEHZ200185—01




[FRSG 2-X B2)(Bx)

150 T kel 150.0 T

15.420 M 15.420 M

4234 P
Qos = 709310 kW Qe = 713912 kW 3507 T
el RS s1o1)p
3552.1[H M i Seroll KA = 234 ki/kg
® . G 460.447 M_,@ 499,602 }n; 533.8|M
=X N / / B, = 761963 kW
1040 P GT Per = 258626 kW S ETA, =  98.58 %
656.3 T I ETAg= 36.23 % 19.15|P 90.46|P
7349 H | m 566.5|T  se8.8[T —— HP IP| (HP)
s g5 Bl
ik
= 21.01 P .
3617 T 2902.0 [H
3162.6 H 33.447|M
207.6|T 458,588 M
3018.2|H
7.274|M
2638.4 |H 0.0]M
7.551(M
) vy 26424 H 0.055|P
HRSG 320.7|H 7.705 M 346(s
40.482|M 2442.8 [H
2836.0[H
Bl 526.569 M .
76403, M
L GSS Release E 200 T
szl 355 1 s
win e sa01a M 08 1 MAKE UP
220.8 T 60T 527.2 M
2902.0 H 2511 H 0.061 M
6.689 M 663.609 M 70 GSS
0.0 M _ .
20.00[P ] @
50.00|P 180.0|P 3481
60.6|T 62.1|T 147.5|H
257.7|H 274.8|H
162.679[M  500.930|M
96.3 T
101.8 H
MK —CONVERSION / Option 5 ETAnet = [EPGT+PST—PAUX]*100/ 5 [QCH] P = Pressure bar Fuel = Natural gas Revision: c)
Paux = 30000 kW T = Temperature bar LHV = 46000 kJ/kg -
NEW HP / NEW INTERNALS FOR IP Pnet — 2025095 KW H = Enthalpy kd/kg Tamb = 250 T Issued: 2011-04-13 / EH
ETAnet = 57.10 % M = Mass flow  kg/s Pamb = 1.013 P
5 TYPICAL F—CLASS GT'S IN SERVICE X = Moisture % R = 600 % HAEH2Z200185—-02




150.0 T HRSG 2-X
9.913 M

Qqr = 458943 kW
usslt 7.385(P
3354.7[H 3§§§;§ L KA = 31.6 k/kg
® _ o 657.871(M O 989.9|M
=X \l/ R, =1207007 kW
Lot P GT Por = 160447 kW [~ ETAs = 98.91 %
5368 T l ETAgr= 3496 %  3903lp  1540|P
586.8 H 5155(T  517.4|T — HP
i CHH
1l
= 39.83 P X
327.0 T 2927.3|H
3036.7 H 150.327 M
326.1|T 654.650 M
3035.1H
12.984 M
2567.8 |H
14,946 |M
._ﬁ_ v 2579.5 H
319.1|H 15.630 M
HRSG 57.386 M 283601
0.683|M
250 T
76403. M
2 GSS Release E 20T
673.9|H 27T s
7754 P 38.233 M 180.4 H MAKE UP
239.0 T 60T 975.9 M
2927.3 H 2511 H
10.738 M 1087123 M
1221 T
128.2 H
MK —CONVERSION / Option 5 ETAnet = [EPGT+PST—PAUX]*100/ 5 [QCH] P = Pressure bar Fuel = Natural ga/s Revision: a)
Paux = 54000 kW T = Temperature bar LHV = 46000 kJ/kg )
NEW HP / NEW INTERNALS FOR IP Pnet — 3399265 KW H = Enthalpy kd/kg Tamb = 250 T Issued: 2011-04-13 / EH
ETAnet = 53.25 % M = Mass flow  kg/s Pamb = 1.013 P
14 TYPICAL E—CLASS GT'S IN SERVICE X = Moisture % Rh = 600 % HAEH200185—11




Q)

212.0|T
150 T Mo 150.0 T
9913 M 9.913 M 4300 P
Qe = 455985 kW Qqr = 458943 kW 289.9 T
o757 w.s|e 425550 s257]e
218 lH 3423.5[H =X sl KA = 239 kikg
: ® G 399.816 |M C o alu
=X / B, = 705849 kW
1040 P GT P = 160447 kW \/ ETA, = 98.50 %
536.8 T l ETAgr= 3496 %  o335|p  o8.67|P
586.8 H 515.4|7  5187|T — HP
i s
aoa|T
- 24.84 P X
3353 1 2001.1|H
3094.9 H 75.985|M
s016]T 397.659 M
3016.5|H
11.965[M
2569.8|H
e
._ﬁ_ v 2575.1 H
4218|H 8.420 M
HRSG 48.219|M 2836.0|H
0.170[M
2 GSS Release
o8 580.1|H 364 T MAKE UP
I 4504 P 61.883[M 153.0 H
2205 T e 564.5 M
29011 H 2511 H 0.047 M
9.498 M 683087 b 10 6% °
0.0 M _ .
20.00(P " @
35.2
149.2
1086 T
139 H
MK —CONVERSION / OptiOﬂ 5 ETAnet = [EPGT+PST—PAUX]*100/ 5[QCH] P = Pressure bar Fuel = Natural ga/s Revision: a)
Paux = 30000 kW T = Temperature bar LHV = 46000 kJ/kg )
NEW HP / NEW INTERNALS FOR IP Pnet — 1959425 KW H = Enthalpy kJ/kg Tamb = 250 T Issued: 2011-04-13 / EH
ETAnet = 53.71 % M = Mass flow  kg/s Pamb = 1.013 P
8 TYPICAL E—CLASS GT'S IN SERVICE X = Moisture % Rh = 600 % HAEHZ200185—-12




39.54 P

565.0 T
150.0 T 3593.2 H
15.450 M 879.776 M -
Qg = 709310 kW Qgr = 713911 kW 3327 1
3126.9 H
et | 907.6 M
3497.2[H
KA = 31.7 ki/kg
851.304 [M
| G E—
=X X B, =1359629 kW
1.040 P GT Por = 258626 kW ~3 11— ETA; =  98.96 %
657.3 T | ETAar= 3623 % 4o50lp  1456|p —
736.1 H ' 565.4|T  566.7|T — HP IP1 :@:
e sl wl —
T 8.37 X
23.21 |
4818
3427.2
ek
- 41.39 P .
3773 1 2925.8|H
3159.1 H 66.489 [M
300.3|T 822.021 M
3039.2|H 0.000 M
6.167 M
2619.0|H 0.0]M
14,435 |M
2623.8 H 0.082[p
250.7 |H 14.768 M \ 420(s
49,864 |M 2408.9|H
HRSG IP2 (HP): Few stages removed 23335323 960.041|M
= ' 25.0 T
Volume ﬂO\‘N 133 m3/s ey
= ==> Velocity = 123 m/s GSS Release z?
S 7421|H 429 T i =
) 7.949 P 64.168[M 81.8 H MAKE UP
239.9 T 00T 960.8 M
2928.7 H 2511 H
7.388 M 1089.579 M
50.00|P 170.0(P
60.6|T 62.0(T
257.7|H 273.5|H
188.412|M 901.168|M
1045 T
110.6 H
. ETAnet = [ZPGT + PST — PAUX] * 100 / £QCH P = Pressure bar Fuel = Natural gas Revision: a)
MK—CONVERSION / OptIOﬂ 6 Paux = 54000 kW T = Temperature bar LHV = 46000 kJ/kg lssued: 2011-02—28 / EH
NEW HP/IP1 Pnet = 3633264 kW H = Enthalpy kd/kg Tamb = 250 T :
X ETAnet = 56.91 % M = Mass flow kg/s Pamb = 1.013 P
9 TYPICAL F—CLASS GT'S IN SERVICE % = Moture o Rn~ 600 % HAFH200186—01




22.32 P
565.0 T
1500 T 36089 H
15450 M 496.012 M a7 P
Qer = 713911 kW _.. @) 3342 T
el 22
® . o pEpanliv KA = 23.6 ki/kg
® =X %m Ry = 755681 kW
Lo40 P GT Per = 258626 kW 1 ETA; = 9858 %
657.3 T l EThar= 3623 % 554lp  s6.24|p T
736.1 H 565.4(T  567.6[T —— HP IP1 :@:I
632.600 M 3608.9|H  3556.1[H —
99.202|M  95.582 M PN
510 P 6.63 X
483.1
320 4.310[p
- 24.69 P ) 21847
389.9 T 209691
3218.6 H )
297.6|T 460.504 M
3006 0.000 M
’ &H)
2621.9|H 0.0]m
i
. ‘ 2621.9 H 0.055|p
326.6(H 7.510 M \ 34.8(s
36.638 M 2428.3|H
HRSG IP2 (HP): Few stages removed oou 537.698 |M
Volume flow = 133 m3/s } 76?43;’;
2 ==> Velocity = 123 m/s GSS Release —
ok —_— | 2007
. [HRSG 2-X >— 608.6 [H /AT
O 4491 p 89.202[M T53.6 H VAKE UP
2200 T 00T 5385 M
2900.3 H 2511 H
6.511 M 671.816 M
50.00(P 170.0[p
60.6(T 62.0(T
257.7|H 273.5|H
157.265|M 514.550 M
922 1
97.4 H
. ETAnet = [ZPGT + PST — PAUX] * 100 / QCH P = Pressure bar Fuel = Natural gas Revision: a)
MK—CONVERSION / Option 6 | pau = 30000 kw T = Temperature bar LHV = 46000 ki/kg [, —— SoT1—02=25 7 EN
NEW HP/IP1 Pnet = 2018811 kW H = Enthalpy kd/kg Tamb = 250 T :
, ETAnet = 56.92 % M = Mass flow kg/s Pamb = 1.013 P
5 TYPICAL F~CLASS GT'S IN SERVICE X = Moisture % Rh = 600 % HAEH200186—-02




@ R, = 340862 kW
229.7|7 ETA = 98.46 %
150 T o Iy 150.0 T
\15:420 M 15.420 M
B — = — =X 4152 P 7.731 P 7.654 P
Qoy = 708310 kW Qor = 713911 kW Por = 258626 kW 400.0 T 3401 T 351.9 T KA = 31.8 ki/kg
47.2|1 ETAg = 3623 % @<— 3213.0 H 31423 H Eé 3125.2|H
201.6 [H 873.759 M 905.0 M 983.2|M
5.843|M
120.3|p 39.16|p R, =1001875 kW
! = |&® :@: 562.7|T 565.0|T ~ ETA, = 9880 %
3511.7|H 35935 |H
874.535 (M 905.639 [M
© op CT = IP2|(HP) LP :@:
657.3(|T : (8%
736.1|H )
632.600][M 7.931(P
o “ \ 2ion|T /\ 817 X
' 2927.1|H
564.1 T 28.40 P 78.200 |M | |
3511.7 H ! 518.4 T
40.73 P 97.171 M . @ 3498.9 H
565.6 T 905.4 M
SRl [RSG 2-X >—
/ 0.000 M
100.627 M 41.25 P %
399.8 T IP2 (HP): Few stages removed 0.0lm
32130 H
#.25 p 97.084 M <HRSG 2-X Volume flow = 108 m3/s @
327.8 1 == ity = 2625.5|H
2278 1 > Velocity = 100 m/s el 0.083p
: 422(s
3335 M 2414.4|H
8.234 P [ARSG 2-X >—] 968.494 [M
A= 239.7 T HRSG 2-X 50 T
29270 H -
5589 M 76403. M
201.6 |H
52.589 |M MAKE UP
[HRSG 2-X >— (o
o 69.269 W |
60.0 1
251.1 H
1106.473 M
43.0|T
181.9|H
1040 T ] ] LA [
110.0 H 2748|H  257.7|H
874.535[M 231.938 | M
FROM GSL
. ETAnet = [ZPGT + PST — PAUX] * 100 / £QCH P = Pressure bar Fuel = Natural gas Revision: a)
MK—CONVERSION / Option 7 Paux = 54000 kW T = Temperature bar LHV = 46000 ki/kg [[———— 2011-02-28 / EH
NEW SEPERATE HP/IP1—TURBINE Pnet = 3616370 kW H = Enthalpy kd/kg Tamb = 25.0 T ssuedt
, ETAnet =  56.65 % M = Mass flow  kg/s Pamb = 1.013 P
9 TYPICAL F—CLASS GT'S IN SERVICE Y = Moture o e~ 00 % HAFH20018/—01




(cA) P, = 190926 kW
O ETA; = 97.80 %
150 T 223@ u 150.0 T
(\15:420 M 15.420 M
—— Z = =X 2450 4317 P 4274 P
Qe 709310 kW Qqr 713911 kW Po = 258626 kW 412.0 4.0 T 3327 T KA = 23.7 ki/k
7.9t ETAq= 3623 %  (B)=-| 32681 3151.0 H mé 3133.9]H K
304.5 |H ’ 491.165 5116 M 548.7 M
8.649|M
68.16|P 2213 [P P = 553518 kW
! ': ® :@: 565.0| T 565.0|T ~_ ETA, = 9818 %
o 3566.8|H 3609.0 [H
492.149|M 511.933 |M
O 1.040|[p — IP2|(HP) LP
657.3(|[T @
736.1|H @
632.600]|M 4.420|p
S I /\ 218.8|T /
: 2898.0|H
567.0 T 16.05 P 37137 (M |
3566.8 H ! 5191 T
23.06 P 98.430 M (1) 3513.4 H
565.4 T 511.8 M
o [RSG 2-X >—
/
102.387 M 9401 P
417 T IP2 (HP): Few stages removed
3268.1 H
2a01 P 98.233 M Volume flow = 108 m3/s
2937 1 == ity = 2627.9[H
2057 1 > Velocity = 100 m/s el 039;53 g
3.485 M 2433.3|H
4§.1693§ ? [ARSG 2-X >— 541.257|M
Da 2898.0 H 250 7
7498 M 76403. M
A
.—L 9, [HRSG 2-X >— > 901 T
304.5 [H 0.0 M
43.247|M MAKE UP
e HRSC 2-X 554.2 H
o 700.157 M +
60.0 1
2511 H
603.459 M
FUEL: NAT.GAS 38.2|T
LHV @ 46000 kJ/kg 931 1goolp sooole  53AIM
T—-AMB: 250 T 975 H 62.1|T  60.6[T g
P—AMB: 1.013 P ' 274.8(H 257.7|H
RH: 60.0 % 492.149(M 201.310(M 302§?~21 :,1‘
FI%OM GSL
—J
. ETAnet = [ZPGT + PST — PAUX] * 100 / $QCH P = Pressure bar Fuel = Natural gas Revision: a)
MK—CONVERSION / Option 7 | pax = 30000 kw T = Temperature bar LHV = 46000 kd/kg [, 2010225 7
NEW SEPERATE HP/IP1—TURBINE Pnet = 2007574 kW H = Enthalpy kd/kg Tamb = 250 T .
, ETAnet = 56.61 % M = Mass flow kg/s Pamb = 1.013 P
5 TYPICAL F—CLASS GT'S IN SERVICE X = Morture % Re~ 600 % HAFH20018/—02
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Plant Output and Efficieny with F-class and E-class Gas Turbines
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Calculation time
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(%) Aouaionye jue|d 19N

- 54.00
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—l— Net plant output with F-class GT's (MW)

©— Net plant output with E-class GT's (MW)

—@— Net plant efficiency with F-class GT's ==> RY

> RY

—a&— Net plant efficiency with E-class GT's
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|

3600

2600
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Calculation time

(%) Aouaionye jue|d 19N

> RY

—@— Net plant output with F-class GT's (MW)

©— Net plant output with E-class GT's (MW)
—@— Net plant efficiency with F-class GT's ==> RY
—a&— Net plant efficiency with E-class GT's
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Influence of the HP-steam temperature to the wetness after LSB
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4000 | | | | |
—l— Option 1 with F-class-gas turbines, HP-steam conditions 46.5 bar(a) / 470 °C
—@— Option 8 (Gas fired boiler, retrofited HP-turbine with increased HP-steam conditions 81.9 bar(a) / 565 °C)
\ \ \ \ 9GT's
3500 Utilisation: 7500 h /Y
Electricity price: 50 Euro /MWh
Option 8/ maximal load: Output difference compared with Option 1 = 625.6 MW
==> Loss of income = 234.6 Mio Euro / Y
3000
7GT's
2500
=
>3
=
% 5GT's
2 2000
<
8
e 1863.6
[ 4GT's
2
1500 - -
1000 o |
500 A
0
2500 3000 3500 4000 4500 5000 5500 6000 6500
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MK-Conversion / Difference of net plant output between Option 1 (F-class GT's) and Option 8 (gas fired boiler) Issued | Eh/2011-02-21 | Revision | d) 2011-04-26 | Sheet 39
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—l— Exhaust steam flow = 1100 kg/s
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Calculation time
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