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1. Preface 

 
StoraEnso client, located in City and part of the StoraEnso group, with a production capacity of 360,000 tonnes of high-

quality paper, is one of the most important producers of base paper for corrugated board in Europe. Corrugated 

cardboard is used for transport packaging, luxury packaging and displays. 

 
CLIENT operates a combined heat and power installation in order to provide the energy required for the production process in 

an economically and environmental responsible manner. The rotating part of the CHP consists of two powertrains ( Gas turbine 

GT5 / Generator 5 and Gas turbine GT6 / Generator 6 / Steam turbine ST6) 

 
Xx is requested to support Storaenso in determining the current condition of the GT6 unit, the theoretical remaining 

lifetime on the engine and the minimum amount of maintenance needed to ensure backup availability of the unit until 

year 2030. One year of continuous operation in case of GT5 failure must be provided by GT6. 

 
Additionally part of the assessment different scenarios will be examined in more detail: 

1. No action 

2. Minimum repair existing unit 

3. Overhaul existing unit 

4. Minimum repair Australian engine 

5. Overhaul Australian engine 

6. Used SGT600 engine from market 

7. Replace existing unit with alternative engine 
 
 

Within the scope of this assessment the following Key Performance Indicators are the analytical basis for decision making 

toward the intended result: 

- Scope 

- Maintenance and operational costs 

- Risks 

- Safety 

- Steam production 

- Efficiency 

- Emissions 

- Availability 



 

 

  

 
2. Summary 
Please find below a visual summary of the 7 options. A detailed context of the various options can be found in the report. 

 
 

 

OPTION 1 
 

No action 

OPTION 2 
 

Minimum repair 
existing unit 

OPTION 3 
 

Overhaul existing 
unit 

OPTION 4 
 

Minimum repair 
Australian engine 

OPTION 5 
 

Overhaul Australian 
engine 

OPTION 6 
 

Used SGT600 engine 
from market 

OPTION 7 
 

Replace exist. unit 
with alt. engine 
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4. Starting point 
 
A gas turbine consists of thousands of components, most of them do not requiring any regular replacement or checks. For a 

few components the conditions are quite different due to the potential consequences with respect to risks to humans, 

surrounding equipment and the environment. 

 
For Siemens SGT600 engine these “critical components” are subject to specific maintenance requirements due to operation 

environment and operation profile of the individual gas turbine. Damaged mechanisms affecting the life of critical 

components can be split into four different categories, each with its specific characteristics: 

 
ú Time dependent damage 

ú Cycle dependent damage 

ú Vibration related damage 

ú Wear and tear 
 
 
To be able to investigate the different scenario’s as stated in chapter one we have to determine the “As Known” current 

condition of the unit. This condition can be derived from follow criteria: 

 
1. OEM maintenance schedules 

2. OEM replacement schedules 

3. Operating profile GT6 

4. Running log GT6 

5. Borescope inspection GT6 
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Level D (60.000 Equivalent Operating Hours) 
ú Cleaning the compressor (off-line), by customer 
ú Borescope inspection of compressor stage 4 and 10 
ú Inspection of: 

§ Compressor 
§ Turbine blading 
§ Fuel injectors 
§ Couplings and gear 

ú Visual inspection of the generator 
ú Replacement of compressor turbine blades stage 2 and 3 
ú Replacement of compressor turbine guide vane 1 
ú Reconditioning of the combustion chamber 
ú Visual inspection of generator 
ú Check of the auxiliary system 
ú Check of alarms and shutdowns 
ú Test run 

 
Level E (80.000 Equivalent Operating Hours) 

ú Cleaning the compressor (off-line), by customer 
ú NDT-test of compressor blading 
ú NDT-test of turbine blading 
ú Overhaul of the generator 
ú Inspection of: 

§ Fuel injectors 
§ Couplings and gear 
§ Auxiliaries 

ú Replacement of compressor turbine blades stage 1 
ú Reconditioning of the combustion chamber 
ú Reconditioning of compressor turbine guide vane 1 and 2 
ú Check of the auxiliary system 
ú Check of alarms and shutdowns 
ú Test run 
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Level E + LTA (80.000 Equivalent Operating Hours + Life Time Assessment) 
ú Level E 
ú LTA for: 

§ Compressor rotor 
§ Flange / bolt connection 
§ Casing position 
§ Roundness Measurements 
§ Exhaust parts 
§ Destructive evaluation: 

• PT vanes 3 and 4 
• PT blades 4 

 
 

 
 

Figure 15: Level E + LTA - Life Time Assessment 
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OEM RECOMMENDED EOH REPLACEMENT SCHEDULE 

 
EQUIVALENT OPERATING HOURS 

MAINTENANCE LEVEL 
 
 

TURBINE SECTION 
 Combustion chamber: BSI replace BSI replace BSI replace BSI replace BSI replace BSI replace  

 Guide vanes 1 BSI replace BSI replace BSI replace BSI replace BSI replace BSI replace  

 Running blades 1 BSI inspect BSI replace BSI inspect BSI replace BSI inspect BSI replace  

 Guide vanes 2 BSI - BSI replace BSI - BSI replace BSI - BSI replace  

 Running blades 2 BSI - BSI - BSI replace BSI - BSI - BSI replace  

 Guide vanes 3 BSI - BSI - BSI - BSI inspect BSI - BSI (replace)  

 Running blades 3 (power) BSI - BSI replace BSI - BSI replace BSI - BSI replace  

 Running blades 3 (mech drive) BSI - BSI - BSI replace BSI - BSI - BSI replace  

 Guide vanes 4 BSI - BSI - BSI - BSI inspect BSI - BSI (replace)  

 Running blades 4 BSI - BSI - BSI - BSI inspect BSI - BSI (replace)  

 Honey combs 1  inspect  replace  inspect  replace  inspect  replace  

 Honey combs 2  -  -  replace  -  -  replace  

 Honey combs 3 (power)  -  replace  -  replace  -  replace  

 Honey combs 3 (mech drive)  -  -  replace  -  -  replace  

 Turbine disc 1 (OLD Design) 
material Ni901 

 
- 

 
- 

 
- 

 
NDT 

 
NDT 

 
NDT 

 

 Turbine disc 1 (NEW design) 
material In718 
standard since 2010 

  
- 

  
- 

  
- 

  
NDT 

  
- 

  
NDT 

 

 Turbine disc 2 (OLD Design) 
material Ni901 

 
- 

 
NDT 

 (NDT) if EOC < 
600 

 
NDT 

 
NDT 

 
NDT 

 

 Turbine disc 2 (NEW design) 
material In718 
standard since 2010 

            
NDT 

 

 Power Turbine disc 3  -  -  -  NDT  -  NDT  
 

10000 20000 30000 40000 50000 60000 70000 80000 90000 100000 110000 120000 
Level A Level B Level A Level C Level A Level D Level A Level E + LTA Level A Level B Level A Level C + LTE 
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 Power Turbine disc 4  -  -  -  NDT  -  NDT  

 COMPRESSOR SECTION 
 Compressor rotor OLD Design 

(serial < B0928) 
material stage 6-10 Ni901 

  
- 

  
- 

  
- 

  
NDT 

  
- 

  
NDT 

 

 Compressor rotor NEW Design 
(serial >B0928) 
material stage 6-10 In718 
Change of geometry of blades #1 and #2 attachments 

  
 

- 

  
 

- 

  
 

- 

    
 

- 

  
 

NDT 

 

 IGV overhaul  -  overhaul  -  overhaul  -  overhaul  

 IGV stage 0 BSI BSI BSI (replace) BSI BSI BSI (replace) BSI BSI BSI (replace)  

 IGV stage 1 BSI BSI BSI inspect BSI BSI BSI NDT BSI BSI BSI NDT  

 Guide vane 2 BSI BSI BSI inspect BSI BSI BSI NDT BSI BSI BSI NDT  

 Compressor blades 1-10 BSI BSI BSI inspect BSI BSI BSI NDT BSI BSI BSI NDT  

 Compressor vanes 3-10 BSI BSI BSI inspect BSI BSI BSI NDT BSI BSI BSI NDT  

 Compressor stator rings 6 - 10 BSI BSI BSI (replace) BSI BSI BSI (replace) BSI BSI BSI (replace)  

 Comp. rotor sealing edges 3 - 5 BSI BSI BSI inspect BSI BSI BSI (replace) BSI BSI BSI (replace)  

 BEARINGS 
 Gearbox pinion NDE bearing  -  inspect  -  inspect  -  inspect  

 Gearbox pinion DE bearing  -  inspect  -  inspect  -  inspect  

 Thrust bearing no.1  -  inspect  -  inspect  -  inspect  

 Radial bearing no.1  -  inspect  -  inspect  -  inspect  

 Turbine radial bearing no.2  -  inspect  -  inspect  -  inspect  

 Front PT bearing no.3  -  inspect  -  inspect  -  inspect  

 Rear PT bearing no.4  -  inspect  -  inspect  -  inspect  

 Thrust bearing no.4  -  inspect  -  inspect  -  inspect  

 
Table 1: OEM recommended EOH replacement schedule 
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27 October 1998 30573 372 32433 Unknown Level A Inspection 

21 May 1998 27095 364 28915 Unknown IGV Repair 

01 July 1997 19901 328 21541 Unknown Level B Inspection 

Table 2: Operating Profile GT6 
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Combustion chamber 07 April 2015 141228 Reconditioned Replace > 20000 EOH 175779-141228 = 34551 
 
 

COMPRESSOR TURBINE 

     

Guide vanes 1 07 April 2015 141228 Reconditioned Replace > 20000 EOH 175779-141228 = 34551 

Running blades 1 07 April 2015 141228 Reconditioned Replace > 40000 EOH 175779-141228 = 34551 

Guide vanes 2 07 April 2015 141228 Reconditioned Replace > 40000 EOH 175779-141228 = 34551 

Running blades 2 02 November 2011 121773 Used Replace > 60000 EOH 175779-121773 = 54006 

Honey Combs Seal 1 07 April 2015 141228 New Replace > 40000 EOH 175779-141228 = 34551 

Honey Combs Seal 2 01 March 2008 99548 Reconditioned Replace > 60000 EOH 175779 - 99548 = 76231 
 
 

POWER TURBINE 

     

Guide vanes 3 02 November 2011 121773 New Inspect > 80000 EOH 175779-121773 = 54006 

Running blades 3 07 April 2015 141228 New Replace > 40000 EOH 175779-141228 = 34551 

Guide vanes 4 02 November 2011 121773 New Inspect > 80000 EOH 175779-121773 = 54006 

Running blades 4 01 November 1994 0 New Replace > 120000 EOH 175779-0 = 175779 

Honey Combs Seal 3 07 April 2015 141228 Reconditioned Replace > 40000 EOH 175779-141228 = 34551 

Honey Combs Seal Ring 4 01 March 2008 99548 New Inspect 175779 - 99548 = 76231 

Power Turbine Diffuser 01 November 1994 0 New Inspect 175779-0 = 175779 

Turbine Casing 01 November 1994 0 New Inspect 175779-0 = 175779 

Exhaust Channel 01 November 1994 0 New Inspect 175779-0 = 175779 

 
COMPRESSOR ROTOR 

     

Flexible Coupling 01 November 1994 0 New Inspect 175779-0 = 175779 

Turbine disc 1 (OLD Design) 01 November 1994 0 New NDT > 20000 175779-0 = 175779 

Turbine disc 2 (OLD Design) 01 November 1994 0 New NDT > 20000 175779-0 = 175779 

Power Turbine disc 3 01 November 1994 0 New NDT > 40000 175779-0 = 175779 

Power Turbine disc 4 01 November 1994 0 New NDT > 40000 175779-0 = 175779 

Compressor rotor OLD Design 01 November 1994 0 New NDT > 40000 175779-0 = 175779 
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TURBINE BEARINGS      

Bearing 1 Thrust 07 April 2015 141228 New Inspect > 40000 EOH 175779-141228 = 34551 

Bearing 1 Radial 07 April 2015 141228 New Inspect > 40000 EOH 175779-141228 = 34551 

Bearing 2 (Radial) 07 April 2015 141228 New Inspect > 40000 EOH 175779-141228 = 34551 

Bearing 3 (Radial) 07 April 2015 141228 New Inspect > 40000 EOH 175779-141228 = 34551 

Bearing 4 Radial 07 April 2015 141228 New Inspect > 40000 EOH 175779-141228 = 34551 

Bearing 4 Thrust 07 April 2015 141228 New Inspect > 40000 EOH 175779-141228 = 34551 
      

GEARBOX BEARINGS      

Gearbox pinion NDE bearing 01 November 1994 0 New Inspect > 40000 EOH 175779-0 = 175779 

Gearbox pinion DE bearing 01 November 1994 0 New Inspect > 40000 EOH 175779-0 = 175779 
 

Table 3: Running log GT6 
     

 
4.4. Borescope inspection 
On March 17th 2023 unit GT6 was borescope inspected by Xx. The general condition of the unit was better than expected from time in service perspective. 

The “full open” position of the IGV’s deviates from expected position. It is recommended to perform a calibration check on the IGV system as it could be the reason of limited power. 

Compressor inlet section is dirty. It is recommended to clean the compressor inlet section and perform multiple compressor washes prior to next start-up. 
Turbine guide vane 1 have sustained considerable burning, cracking, discoloration and erosion, but expected with amount of hours consumed. Due to the extent of damage and consumed hours 
and start it is recommended to re-inspect the guide vanes 1 within 1.000 EOH or 25 starts 
 
Oil leakage is present originating from the no 2 bearing bolts/seal plate. Check if tank sub-pressure is sufficient during operation. Check oil leakage at next BSI inspection 

For more details please see borescope inspection report R20230317-1. 
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5.6. Efficiency 
In current state the engine is running with reduced efficiency which will lead to higher fuel consumption and costs. 

Collateral damage of running with reduced efficiency is the increased thermal load needed for equivalent performance. So 

reduced efficiency will decrease hot-parts component service life. 

In case the backup unit is not available, operations is forced to run the backup boilers to fulfill the delivery obligations. If 

running solo on the backup boilers the powerplant is not complying with the applicable efficiency standards and can be 

fined by local government. 

 
5.7. Emissions 
The increased fuel consumption due to reduced efficiency will lead to higher total emissions. 

 
5.8. Availability 
Operational use of the engine without maintenance strategy can have major influence on the operational flexibility. 

Data from the operating profile, running log and replacement schedule shows that most identified components are due for 

inspection or replacement. Data from the latest borescope inspection indicates that the general condition of the unit is 

better than expected for time in service. Turbine guide vane 1 and 2 have sustained considerable burning, cracking, 

discoloration and erosion, but expected with amount of hours consumed. Due to the extent of damage and consumed 

hours and starts it is recommended to re-inspect the guide vanes 1 within 1.000 EOH or 25 starts. 

Basically the unit is suitable to use for short running periods like off-line washing or regular maintenance of unit GT5. For 

longer running periods the unit is not reliable. 

 
Without the availability of the unit (assuming GT5 is out of service) : 

 
- No K10/K11 boiler operation possible 
- No E-boiler operation possible 
- No steam turbine operation possible 
- No power generation possible 
- No benefit CHP generation. 
- Increased energy costs per ton of paper ( average 180 % ) 
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6. Option 2 – Minimum repair existing unit 
 

For option 2 the starting point is to minimize the maintenance costs on the unit to the lowest acceptable level. This level 

must fulfill the minimum requirement of safety and availability of the unit. The most necessary work will be executed to 

keep the unit safe and available during maintenance work or failure of the GT5 unit. With this minimum repair the unit will 

maximize the use of remaining operating hours on the components and will be available for another 5500 EOH before next 

inspection / overhaul. 
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6.1. Scope for minimum repair existing unit 
The table below shows the scope and associated estimated budget costs for the minimum repair of the existing engine. 

 
 

SCOPE FOR MAXIMUM 5500 EOH 
 

COMPONENT INCLUDED IN SCOPE STATUS / COMMENTS COST ESTIMATION 

COMPRESSOR    

IGV overhaul Yes Stuck during start € 25.000,00 

Compressor stator rings 6 - 10 No Worn out, replace - 

Comp. rotor sealing edges 3 - 5 No Worn out, replace - 

COMBUSTION CHAMBER / EV BURNERS / FUEL INJECTORS 

Ejectors Yes T7 spread issues, recondition In CC pricing 

Ignition system Yes T7 spread issues, recondition In CC pricing 

Combustion chamber Yes T7 spread issues, recondition € 350.000,00 

COMPRESSOR TURBINE    

Guide vanes 1 Yes Cracks, replace set € 323.400,00 

Running blades 1 No 5500 remaining EOH, no replacement - 

Guide vanes 2 Yes Cracks, replace set € 326.700,00 

Running blades 2 No 6000 remaining EOH, no replacement - 

POWER TURBINE    

Guide vanes 3 No No replacement - 

Running blades 3 No 5500 remaining EOH, no replacement - 

Guide vanes 4 No No replacement - 

Running blades 4 Yes Service life > 160.000 EOH, replace set € 204.800,00 

COMPRESSOR ROTOR    

Compressor turbine disc 1 Yes Life Time Assessment by DEKRA In LTA pricing 

Compressor turbine disc 2 Yes Life Time Assessment by DEKRA In LTA pricing 

Compressor rotor Yes Life Time Assessment by DEKRA In LTA pricing 

POWERTURBINE ROTOR    

Power turbine disc 3 Yes Life Time Assessment by DEKRA In LTA pricing 

Power turbine disc 4 Yes Life Time Assessment by DEKRA In LTA pricing 

Power turbine rotor Yes Life Time Assessment by DEKRA In LTA pricing 

MISCELLANEOUS    

Revision / Inspection hours Yes Revision hours € 225.000,00 

Materials Yes Revision material € 80.000,00 

LTA Inspection Yes Life Time Assessment by DEKRA € 45.000,00 

TOTAL    

TOTAL   € 1.579.900,00 

INCL. 25% BUDGET MARGIN   € 1.974.875,00 
 

Table 5: Budget cost estimation option 1 
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6.2. Maintenance and operational costs 
 

Option 2 is focusing on eliminating direct issues like cracks, burning, discoloration, erosion et cetera which reduces the risk 

for collateral damage and increases the availability of the unit. To reduce the maintenance costs on the recommended 

replacement parts one can opt for used parts with a left minimum of approximately 12000 equivalent operating hours. 

Operational costs will be higher comparing to unit GT5 due to reduced efficiency, limited power output and higher fuel 

consumption. 

 
6.3. Risk assessment 
Risks to consider for option 2: 

 
§ 10 months delivery time after order 
§ 5-7 weeks lead time for installation and commissioning 
§ Limited operating hours (maximum 5500 EOH’s) 
§ Risk for findings during inspection (spare rotor and disks available for 10.000 EOH’s) 

 
6.4. Safety 
From safety point of view it is strongly recommended to perform a rotor condition examination by DEKRA or similar agency. 

Last rotor examination was done in 2008 (Level E LTA inspection) by KEMA (Kema Inspection program 50863188-TOS/NRI 

08-4281 Kema report 50863188-TOS/NRI 08-4282 dd 15-04-2008). 

6.5. Steam production 
 

Limited maintenance vs no maintenance strategy will increase the availability of the back-up unit and therefore the ability 

to produce steam in cogeneration mode. 

 
6.6. Efficiency 
The option 2 scenario is focusing on eliminating direct issues like cracks, burning, discoloration, erosion et cetera which 

reduces the risk for collateral damage and increases the availability of the unit. Efficiency is not part of the scope in this 

scenario. To increase the efficiency of the unit it is necessary to replace all sealings, abradables, honeycombs etc.. 

Due to lower efficiency the unit is limited in power output and exposed to higher thermal load needed for equivalent 

performance which will reduce the service life time of the hot part components. 
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7. Option 3 - Overhaul existing unit 
For option 3 the starting point is to overhaul the existing unit to increase power output, availability, efficiency and 

decrease emissions and fuel consumption. To reach that status the engine needs a level E maintenance inspection plus a 

Life Time Assessment. This kind of maintenance level will restore full availability, safety and efficiency of the unit. 
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7.1. Scope for overhaul existing unit 
 

SCOPE FOR MAXIMUM 20.000 EOH 
 

COMPONENT INCLUDED IN SCOPE STATUS / COMMENTS COST ESTIMATION 

COMPRESSOR    

IGV overhaul Yes Stuck during start € 25.000,00 

Compressor stator rings 6 - 10 Yes Worn-out, replace € 35.000,00 

Comp. rotor sealing edges 3 - 5 Yes Worn-out, replace € 20.000,00 

COMBUSTION CHAMBER / EV BURNERS / FUEL INJECTORS 

Ejectors Yes T7 spread issues, recondition In CC pricing 

Ignition system Yes T7 spread issues, recondition In CC pricing 

Combustion chamber Yes T7 spread issues, recondition € 350.000,00 

COMPRESSOR TURBINE    

Guide vanes 1 Yes Cracks, replace set € 323.400,00 

Running blades 1 Yes Replace with AU set 20k remaining EOH - 

Guide vanes 2 Yes Cracks, replace set € 326.700,00 

Running blades 2 No 6000 remaining EOH, replace set € 382.800,00 

POWER TURBINE    

Guide vanes 3 No No replacement - 

Running blades 3 Yes 5500 remaining EOH, replace set € 201.600,00 

Guide vanes 4 No No replacement - 

Running blades 4 Yes Service life > 160.000 EOH, replace set € 204.800,00 

COMPRESSOR ROTOR    

Compressor turbine disc 1 Yes Life Time Assessment by DEKRA In LTA pricing 

Compressor turbine disc 2 Yes Life Time Assessment by DEKRA In LTA pricing 

Compressor rotor Yes Life Time Assessment by DEKRA In LTA pricing 

POWERTURBINE ROTOR    

Power turbine disc 3 Yes Life Time Assessment by DEKRA In LTA pricing 

Power turbine disc 4 Yes Life Time Assessment by DEKRA In LTA pricing 

Power turbine rotor Yes Life Time Assessment by DEKRA In LTA pricing 

MISCELLANEOUS    

Revision / Inspection hours Yes Revision hours € 225.000,00 

Materials Yes Revision material € 80.000,00 

LTA Inspection Yes Life Time Assessment by DEKRA € 45.000,00 

TOTAL    

TOTAL   € 2.219.300,00 

INCL. 25% BUDGET MARGIN   € 2.774.125,00 

 
Table 6: Budget cost estimation option 2 
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7.2. Maintenance and operational costs 
 

Option 3 is focusing on restoring the engine parameters back to almost original values like safety, performance, emissions, 

fuel consumption et cetera. To reduce the maintenance costs on the recommended replacement parts one can opt for 

used parts with a left minimum of approximately 12.000 equivalent operating hours. Operational costs will be similar 

comparing to unit GT5 due to similar availability, efficiency, power output and fuel consumption. 

7.3. Risk assessment 
Risks to consider: 

 
§ 10 months delivery time after order 
§ 5-7 weeks lead time for installation and commissioning 
§ Risk for findings during inspection (spare rotor and disks available for 10.000 EOH’s) 

7.4. Safety 
It is strongly recommended to perform a rotor condition examination by DEKRA or similar agency. Last rotor examination 

was done in 2008 (Level E LTA inspection) by KEMA (Kema Inspection program 50863188-TOS/NRI 08-4281 Kema report 

50863188-TOS/NRI 08-4282 dd 15-04-2008) 

 
7.5. Steam production 

 
Overhauling the existing unit will restore full availability of the CHP and therefore the ability to produce steam in 

cogeneration mode. 

 
7.6. Efficiency 
Overhauling the existing unit with new components, sealings, abradables, honeycombs etc.. will restore the efficiency of 

the unit. Due to the increased efficiency the unit is able to produce increased power output and is exposed to lower 

thermal load needed for equivalent performance which will increase the service life time of the hot part components. 

 
7.7. Emissions 
Increased efficiency will lower the emissions due to more accurate flame temperature calculation in part load operation. 

The lower fuel consumption due to increased efficiency will lead to lower total emissions. 

7.8. Availability 
Overhauling the existing unit will restore original operational availability and flexibility for : 

- Backup operation 
- Part load operation with emission control 
- K10/11 boiler operation 
- K12 E-boiler operation 
- Steam turbine operation 
- Power generation possible (with increased efficiency) 
- CHP generation with turbines in primary, backup or parallel mode. 
- Decreased energy costs per ton of paper ( average 180 % ) comparing to solo NG boiler operation. 
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8. Option 4 – Minimum repair Australian engine 
In option 4 the existing unit will be replaced with the available Australian SGT600 engine from the Eclon workshop in 

Ruurlo. Since the unit is used as a donor engine for unit GT5 during the repair process the Australian unit must be 

completed to be operational ready. Starting point in option 3 is to minimize the maintenance costs on the unit to the 

lowest acceptable level. This level must fulfill the minimum requirement of safety and availability of the unit. The most 

necessary work will be executed to keep the unit safe and available during maintenance work or failure of the GT5 unit. 

With this minimum repair the unit will maximize the use of remaining operating hours on the components and will be 

available for another 5500 EOH before next inspection / overhaul. 
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8.1. Scope for minimum repair Australian engine 
 

SCOPE FOR MAXIMUM 5500 EOH 
 

COMPONENT INCLUDED IN SCOPE STATUS / COMMENTS COST ESTIMATION 

USED AUSTRALIAN ENGINE    

Used Engine Yes Australian engine, partially used for GT5 € 800.000,00 

COMPRESSOR    

IGV overhaul Yes Worn out, overhaul In engine pricing 

Compressor stator rings 6 - 10 No Worn out, replace - 

Comp. rotor sealing edges 3 - 5 No Worn out, replace - 

Compressor blades 1-10 Yes Replace running blade stage 7 and 8 In engine pricing 

COMBUSTION CHAMBER / EV BURNERS / FUEL INJECTORS 

Ejectors Yes T7 spread issues, recondition In CC pricing 

Ignition system Yes T7 spread issues, recondition In CC pricing 

Combustion chamber Yes T7 spread issues, recondition € 350.000,00 

COMPRESSOR TURBINE    

Guide vanes 1 Yes Replace set € 323.400,00 

Running blades 1 No 20.000 remaining EOH - 

Guide vanes 2 Yes Replace set € 326.700,00 

Running blades 2 Yes Transfer set from GT6, 6000 remaining EOH - 

POWER TURBINE    

Guide vanes 3 Yes Transfer set from GT6 - 

Running blades 3 Yes Transfer set from GT6, 5500 remaining EOH - 

Guide vanes 4 Yes Transfer set from GT6 - 

Running blades 4 Yes Service life > 160.000 EOH, replace set € 204.800,00 

COMPRESSOR ROTOR    

Compressor turbine disc 1 No Life Time Assessment by DEKRA - 

Compressor turbine disc 2 No Life Time Assessment by DEKRA - 

Compressor rotor No Life Time Assessment by DEKRA - 

POWER TURBINE ROTOR    

Power turbine disc 3 No Life Time Assessment by DEKRA - 

Power turbine disc 4 No Life Time Assessment by DEKRA - 

Power turbine rotor No Life Time Assessment by DEKRA - 

MISCELLANEOUS    

Revision / Inspection hours Yes Revision hours € 225.000,00 

Materials Yes Revision material € 80.000,00 

LTA Inspection No Life Time Assessment by DEKRA - 

TOTAL    

TOTAL   € 2.309.900,00 

INCL. 25% BUDGET MARGIN   € 2.887.375,00 
 

Table 7: Budget cost estimation option 3 
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8.6. Efficiency 
The option 4 scenario is getting the Australian engine ready for operation with minimum amount of maintenance. Key 

indicators are safety and availability, efficiency is not part of the scope. To increase the efficiency of the unit it is necessary 

to replace all sealings, abradables, honeycombs etc.. Due to lower efficiency the unit is limited in power output and 

exposed to higher thermal load needed for equivalent performance which will reduce the service life time of the hot part 

components. 

 
8.7. Emissions 
Increased efficiency will lower the emissions due to more accurate flame temperature calculation in part load operation. 

The lower fuel consumption due to increased efficiency will lead to lower total emissions. 

 
8.8. Availability 
After recommended minimum maintenance for unit GT6, operations have the flexibility and availability for: 

- Backup operation 
- K10/11 boiler operation 
- K12 E-boiler operation 
- Steam turbine operation 
- Power generation (with reduced efficiency) 
- Benefit CHP generation. 
- Decreased energy costs per ton of paper ( average 180 % ) comparing to solo NG boiler operation. 
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9. Option 5 - Overhaul Australian engine 
For option 5 the starting point is to replace the existing unit with an completely overhauled Australian unit to increase 

power output, availability, efficiency and decrease emissions and fuel consumption. This kind of maintenance level will 

restore full power output, availability, safety and efficiency of the unit. 
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9.1. Scope for overhaul Australian engine 
 

SCOPE FOR MAXIMUM 20.000 EOH 
 

COMPONENT INCLUDED IN SCOPE STATUS / COMMENTS COST ESTIMATION 

USED AUSTRALIAN ENGINE    

Used Engine Yes Australian engine, partially used for GT5 € 800.000,00 

COMPRESSOR    

IGV overhaul Yes Worn out, overhaul In engine pricing 

Compressor stator rings 6 - 10 Yes Worn out, replace € 35.000,00 

Comp. rotor sealing edges 3 - 5 Yes Worn-out, replace € 20.000,00 

Compressor blades 1-10 Yes Replace running blade stage 7 and 8 In engine pricing 

COMBUSTION CHAMBER / EV BURNERS / FUEL INJECTORS 

Ejectors Yes T7 spread issues, recondition In CC pricing 

Ignition system Yes T7 spread issues, recondition In CC pricing 

Combustion chamber Yes T7 spread issues, recondition € 350.000,00 

COMPRESSOR TURBINE    

Guide vanes 1 Yes Replace set € 323.400,00 

Running blades 1 Yes 20.000 remaining EOH - 

Guide vanes 2 Yes Replace set € 326.700,00 

Running blades 2 Yes 6000 remaining EOH, replace set € 382.800,00 

POWER TURBINE    

Guide vanes 3 Yes Transfer set from GT6 - 

Running blades 3 Yes 5500 remaining EOH, replace set € 201.600,00 

Guide vanes 4 Yes Transfer set from GT6 - 

Running blades 4 Yes Service life > 160.000 EOH, replace set € 204.800,00 

COMPRESSOR ROTOR    

Compressor turbine disc 1 No Life Time Assessment by KEMA - 

Compressor turbine disc 2 No Life Time Assessment by KEMA - 

Compressor rotor No Life Time Assessment by KEMA - 

POWER TURBINE ROTOR    

Power turbine disc 3 No Life Time Assessment by KEMA - 

Power turbine disc 4 No Life Time Assessment by KEMA - 

Power turbine rotor No Life Time Assessment by KEMA - 

MISCELLANEOUS    

Revision / Inspection hours Yes Revision hours € 225.000,00 

Materials Yes Revision material € 80.000,00 

LTA Inspection No Life Time Assessment by KEMA - 

TOTAL    

TOTAL   € 2.949.300,00 

INCL. 25% BUDGET MARGIN   € 3.686.625,00 
 

Table 9: Budget cost estimation option 4 
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9.8. Availability 
Replacing the existing unit with an fully overhauled Australian unit will restore original operational availability and flexibility 

for : 

 
- Backup operation 
- Part load operation with emission control 
- K10/11 boiler operation 
- K12 E-boiler operation 
- Steam turbine operation 
- Power generation possible (with increased efficiency) 
- CHP generation with turbines in primary, backup or parallel mode. 
- Decreased energy costs per ton of paper ( average 180 % ) comparing to solo NG boiler operation. 
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10. Option 6 - Used SGT600 engine from market 
In option 6 the existing unit will be replaced by a purchased SGT600 available from the market. The unit maintenance 

history must be clear and known and confirmed by a borescope inspection. Remaining equivalent running hours and cycles 

must be sufficient to continue running in backup operation until 2030 
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10.1. Scope for used SGT600 engine from market 
 

SCOPE FOR MAXIMUM UNKNOWN EOH 
 

COMPONENT INCLUDED IN SCOPE STATUS / COMMENTS COST ESTIMATION 

USED AUSTRALIAN ENGINE    

Used Engine Yes Australian engine still in operation € 1.700.000,00 

COMPRESSOR    

IGV overhaul No As-found condition - 

Compressor stator rings 6 - 10 No As-found condition - 

Comp. rotor sealing edges 3 - 5 No As-found condition - 

COMBUSTION CHAMBER / EV BURNERS / FUEL INJECTORS 

Ejectors No As-found condition - 

Ignition system No As-found condition - 

Combustion chamber No As-found condition - 

COMPRESSOR TURBINE    

Guide vanes 1 No As found condition - 

Running blades 1 No As found condition - 

Guide vanes 2 No As-found condition - 

Running blades 2 No As-found condition - 

POWER TURBINE    

Guide vanes 3 No As-found condition - 

Running blades 3 No As-found condition - 

Guide vanes 4 No As-found condition - 

Running blades 4 No As-found condition - 

COMPRESSOR ROTOR    

Compressor turbine disc 1 No Life Time Assessment by DEKRA - 

Compressor turbine disc 2 No Life Time Assessment by DEKRA - 

Compressor rotor No Life Time Assessment by DEKRA - 

POWER TURBINE ROTOR    

Power turbine disc 3 No Life Time Assessment by DEKRA - 

Power turbine disc 4 No Life Time Assessment by DEKRA - 

Power turbine rotor No Life Time Assessment by DEKRA - 

MISCELLANEOUS    

Installation / Commissioning Yes Installation / Commissioning hours € 150.000,00 

Materials Yes Installation material € 15.000,00 

LTA Inspection No Life Time Assessment by DEKRA - 

TOTAL    

TOTAL   € 1.865.000,00 

INCL. 25% BUDGET MARGIN   € 2.331.250,00 
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Expected operational costs for the engine in properly maintained condition will be similar to unit GT5 due to expected 

similar efficiency, power output and fuel consumption. 

10.3. Risk assessment 
Risks to consider: 

 
§ > 1 year before unit will be available ( If owner is willing to sell ) 
§ Unknown remaining components service life time 
§ 3-4 weeks unit down time including commissioning 

10.4. Safety 
From safety point of view it must be demonstrated that maintenance has been carried out in accordance with the 

manufactures instruction. The operating hours and origin of all installed turbine components must be available and within 

the permitted amount of equivalent operating hours c.q. equivalent operating cycles. 

 
10.5. Steam production 
Depending on used engine condition but expected to restore full availability of the CHP and therefore the ability to produce 

steam in continuously cogeneration mode. 

10.6. Efficiency 
Depending on used engine condition but expected to restore the efficiency of the unit. Due to the increased efficiency the 

unit is able to produce increased power output and is exposed to lower thermal load needed for equivalent performance 

which will increase the service life time of the hot part components. 

10.7. Emissions 
Increased efficiency will lower the emissions due to more accurate flame temperature calculation in part load operation. 

The lower fuel consumption due to increased efficiency will lead to lower total emissions. 

10.8. Availability 
Availability of the unit depends entirely on condition and the amount of operating hours / cycles left on the engine at time 

of purchase. If the engine is properly maintained and there are still enough operating hours left, the unit will be available 

for: 

- Backup operation 
- Part load operation with emission control 
- K10/11 boiler operation 
- K12 E-boiler operation 
- Steam turbine operation 
- Power generation possible (with increased efficiency) 
- CHP generation with turbines in primary, backup or parallel mode. 
- Decreased energy costs per ton of paper ( average 180 % ) comparing to solo NG boiler operation. 
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11.1. Scope for LM2500 DLE 
 

 
SCOPE FOR MAXIMUM UNKNOWN EOH 

COMPONENT INCLUDED IN SCOPE STATUS / COMMENTS COST ESTIMATION 

ALTERNATIVE ENGINE    

LM2500 DLE Package Yes New package € 13.000.000,00 

TOTAL    

TOTAL   € 13.000.000,00 

INCL. 25% BUDGET MARGIN   € 16.250.000,00 
    

 
11.2. Maintenance and operational costs 
LM2500 Maintenance Activities 

Borescope / Inspection: Every 6 mo./8000 hrs. Hot Section Inspections: Every 25,000 hrs. Major Overhauls: Every 50,000 

hrs. 

11.3. Risk assessment 
Risks to consider: 

 
§ Delivery time ( Estimated 3 years) 
§ Lead time engineering / installation / commissioning (4-6 months) 
§ High gas supply pressure needed (40 bar) 
§ Lower exhaust temperature means more additional boiler firing 

 
 

11.4. Safety 
From safety point of view it must be demonstrated that maintenance has been carried out in accordance with the 

manufactures instruction. The operating hours and origin of all installed turbine components must be available and within 

the permitted amount of equivalent operating hours c.q. equivalent operating cycles. 
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11.5. Steam production 
The steam production derived from the engine is dependent on the exhaust heat towards the boiler. Less heat input means 
more additional firing on the boiler to achieve similar steam production. 

 
Siemens SGT600 (Former GT10-B): 

§ Exhaust flow = 79.2 kg/s 
§ Exhaust temperature = 534 °C 
§ Exhaust heat = 44.7 MJ/s 

 
General Electric LM2500 Base DLE 

§ Exhaust flow = 69 kg/s 
§ Exhaust temperature = 530 °C 
§ Exhaust heat = 38 MJ/s 

 
General Electric LM2500+ DLE 

§ Exhaust flow = 83 kg/s 
§ Exhaust temperature = 507 °C 
§ Exhaust heat = 42 MJ/s 

 
General Electric LM2500+ G4 

§ Exhaust flow = 93 kg/s 
§ Exhaust temperature = 540 °C 
§ Exhaust heat = 52.1 MJ/s 

11.6. Efficiency 
The overall efficiency of the LM2500 Base DLE is 35.4%. Since the SGT600 efficiency is 34.2% , the fuel consumption at same 
power output will drop with 1.2% for the LM2500 Base DLE model. 

 
The overall efficiency of the LM2500+ DLE is 37.2%. Since the SGT600 efficiency is 34.2% , the fuel consumption at same 
power output will drop with 3.0% for the LM2500+ DLE model. 

















 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


