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Flexibility ?
Reliability ?

Dispatchability ?
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CCGTs decarbonization: 2 Solutions

Carbon Capture, Utilization and 
Storage

CCUS-enhanced Gas Turbines

Burning hydrogen

H2-based Gas Turbines
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Actual concern:
Uncovering the economic tipping point 

between
CCUS-enhanced gas turbines 

And H2-based gas turbines

• H2-based GTs
• CCUS-enhanced GTsC
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Objectives

1:  Techno-economic comparison of technologies
     in Combined-Cycle Gas Turbines (CCGTs)
➔ Determine Levelized Cost Of Electricity (LCOE)
      and Return On Investment (ROI)

2: Online tool implementation
➔Results for industry with their own data
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How to do this ?
Get technical data 

from literature
(Thermodynamic studies)

Implement a model
in Aspen Economics

Get
results

Cross-validate the model
With industry data

and literature

Implement an
economic model
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Outline

• Technical comparison
• CAPEX determination
• OPEX determination
• Results: LCOE and ROI comparison
• Tool presentation
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Amine-based carbon capture

Captures 90%-95% CO2

➔ Carbon taxes 

Consumes heat and power
➔Net efficiency 

High Investment costs

Additionnal OPEX
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Hydrogen gas turbines

100% H2 capable
➔ No CO2 emissions

Valid for Aeroderivative GTs
With WLE or DLE burners 
➔Net efficiency 

More complex elements
➔~25 % increased CAPEX

LM6000
ηCCGT = 51,9%

SGT-A35
ηCCGT = 51,4%

GT36 (70% H2)
ηCCGT = 62,8%

In a near future…?
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CCGT efficiencies: hydrogen down

H2 potential
+10,9%

CO2 

 = 
Efficiency  
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Outline

• Technical comparison

• CAPEX determination
• OPEX determination
• Results: LCOE and ROI comparison
• Tool presentation
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CAPEX Determination: 
high CCUS investments

CCGT

CCS

EGR

CCUS-enhanced CCGT
is 2x more 

expensive than
H2-based CCGT

+ 150%

+ 25%
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Outline

• Technical comparison
• CAPEX determination

• OPEX determination
• Results: LCOE and ROI comparison
• Tool presentation
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VOM Computation: hydrogen apart

T&S and efficiency penalty
are the most 

impacting for CCUS

FUEL

T&S
ETS

MEA
Cooling Water

Make-Up Water

CCUS-enhanced CCGTs
keep the 

same range of VOM

H2-based CCGT 
is impacted by the 
price of hydrogen

Efficiency
Penalty

Fuel Price
Increase
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Outline

• Technical comparison
• CAPEX determination
• OPEX determination

• Results: LCOE and ROI comparison
• Tool presentation
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LCOE

16

Simple CCGT VS 100% CCS-enhanced CCGT

CAPEX and FOM
are responsible for
the LCOE increase

ETS

FUEL

CAPEX

FOM

T&S

Same amount of
electricity produced

H2-based CCGT LCOE
more than 10X higher
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ROI and Tipping point

17

Tipping point after
15 years

No ROI for both
technologies
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Final Thougts

Ensuring hydrogen prices of ±2€/kg is crucial 
before deploying H2-based CCGTS

(-45% for H2 and -75% for H2) 

For CCUS-enhanced CCGTS:
• Long run: valorization of CO2

• Short run: optimal AND reliable EGR 
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Outline

• Technical comparison
• CAPEX determination
• OPEX determination
• Results: LCOE and ROI comparison

• Tool presentation
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The issue

• I am an industrial interested in this study

• This study does not reflect my own parameters, 
grid data, prices data, …

• I can’t share confidential data to a random student 
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The solution

Scan the QR code

Choose grid data between
different countries
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The solution

Scan the QR code

Modify each parameter
to user needs
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The solution

Scan the QR code

Get your results 
(ROI, LCOE breakdown, tipping point,…)
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for listening !

Uncovering the economic tipping point 
between H2-based gas turbines 
and CCS-enhanced gas turbines
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BACKUPS
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Innovation Valley of Death



Université de Mons 27

H2 technical issues
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H2 technical issues
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H2 Gas Turbines

https://www.ansaldoenergia.com/fileadmin/Brochure/Review_2024/AnsaldoEnergia-TheGasTurbine-GT36.pdf

https://www.gevernova.com/gas-power/products/gas-turbines/lm6000

https://etn.global/wp-content/uploads/2023/10/Decarbonisation-of-gas-turbines-with-the-H2R%C2%AE-hydrogen-
retrofit-burner-Franklin-Genin-Crosstown-Power.pdf

https://etn.global/download-
file/?file=2023/03/ETN-full-report-Addressing-
combustion-challenges-of-hydrogen-addition-

to-natural-gas-etnmembersonly.pdf

https://etn.global/wp-
content/uploads/2024/11/ETN-Global-
Hydrogen-Gas-Turbines-Report-10-2024.pdf

https://etn.global/wp-
content/uploads/2022/11/ETN-Summary-
Report-Combustion-challenges-of-hydrogen-
addition-to-natural-gas-Nov2022.pdf

https://www.ansaldoenergia.com/fileadmin/Brochure/Review_2024/AnsaldoEnergia-TheGasTurbine-GT36.pdf
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H2 : Best Case

• H2 price: 2,1 €/kg
• ηCCGT = 63% 
• No CAPEX increase
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Fuel Prices

-45%

-75%
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H2 Price: Two opinions

https://hydrogencouncil.com/wp-
content/uploads/2021/02/Hydrogen-Insights-2021.pdf
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H2 Price: Two opinions

https://hydrogeneurope.eu/wp-content/uploads/2024/06/2024_H2E_CleanH2ProductionPathwaysReport.pdf

https://hydrogeneurope.eu/wp-content/uploads/2024/06/2024_H2E_CleanH2ProductionPathwaysReport.pdf
https://hydrogeneurope.eu/wp-content/uploads/2024/06/2024_H2E_CleanH2ProductionPathwaysReport.pdf
https://hydrogeneurope.eu/wp-content/uploads/2024/06/2024_H2E_CleanH2ProductionPathwaysReport.pdf


CCGT Model

Based the CCGT+CCUS 

model on a previous study

made on Thermoflow using

a GE9HA …

𝑃𝑂𝐶𝐺𝑇 = 506,6 𝑀𝑊
𝑃𝐶𝐶𝐺𝑇 = 672,2 𝑀𝑊

𝜂𝑂𝐶𝐺𝑇 = 41,47%
𝜂𝐶𝐶𝐺𝑇 = 55,03%



CCGT Model

… and modeled the

CCGT part in Aspen



CCUS Model
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Variable Operation and Maintenance 
(VOM) costs: the price to run

Fuels

Negligibles

𝐂𝐎𝟐 Transport and Storage

Carbon Tax



Université de Mons 39

4 base cases in this study

Own computations
90%+EGR           96%+EGR

From thermodynamic study

With Exhaust Gas Recirculation (EGR)
➔ 8% Vol. CO2

Implementation on Aspen Economics
➔ Get CCGT efficiencies and CAPEX

Crossvalidation by literature
and ETN members

Turbine: GE 9HA0.2

Reference study
       96%                  100%

From technoeconomic study

4,9% Vol. CO2

CAPEX already computed

Turbine: GE 9HA0.1

Ref: Antoine Verhaeghe et al. Ref: Daniel Mullen et al.
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Capacity factor determination

Compare VOM with hourly electricity price data

VOM = Marginal Cost

Time (hours)

P
ri

ce
 (

€)

➔ Determine the number of hours per year it will run 
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Capacity factor determination

Poland

Belgium

Norway

Results depend heavily
on the country

Capacity Factor of
H2-based CCGT
close to zero

CCS-enhanced CCGTs
keep the same range of

Capacity Factor
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Power plant data

Construction time = 3 years

Lifespan = 25 years

Inflation rate = 4%

Fixed O&Ms = 3,5% of CAPEX

LCOE =
Sum of yearly annualized 𝐜𝐨𝐬𝐭𝐬

Sum of yearly annualized 𝐞𝐥𝐞𝐜𝐭𝐫𝐢𝐜𝐢𝐭𝐲 𝐩𝐫𝐨𝐝𝐮𝐜𝐞𝐝
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ROI and LCOE
Simple CCGT

ROI = 12 years

LCOE = 116.6 €/MWh
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ROI and LCOE

44

Only +24%

100% CCUS-enhanced CCGT

Negative ROI

LCOE = 144.6 €/MWh
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ROI and LCOE

45

+1300%

Negative ROI

LCOE = 1664,2 €/MWh

H2-based CCGT
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Sensitivity analysis on LCOE

46

100% CCS-enhanced CCGT
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Sensitivity analysis on LCOE

47

H2-based CCGT
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Sensitivity analysis on hydrogen price

48

Actual
price
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Sensitivity analysis on hydrogen price

49

45%
cutdown

Actual
price
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What if… 
it is not the right way ?
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