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Natural gas, hydrogen and emissions

Today, industry leaders tout gas turbines (GT) as the turbo-machinery of excellence for power generation.  
The use of natural gas, a relatively clean burning power fluid, through a low-emissions combustor has 
achieved comparable results to liquid fuels (Amin & Fors 2020). Recently, replacing liquid fuel with natural 
gas has been proven (Rasouli & Tellez-Schmill 2022) to reduce CO2 emissions by 20%. This breakthrough has 
helped refineries respond to global decarbonization objectives to reduce emissions from the atmosphere. 
These demands for decarbonization have caused leading gas turbine manufacturers, i.e. Mitsubishi, GE, 
Siemens, and others, to modify most of their commercial gas turbine models to combust a mixture of natural 
gas and hydrogen. The CO2 emissions significantly decrease with the presence of hydrogen in the fuel 
gas mixture. While the amount of hydrogen varies with the turbine model, most manufacturers and GT 
models can easily achieve a maximum hydrogen content of 75 vol%.

According to Hydrogen Tools, the heating value by volume of hydrogen is around 11 – 13 MJ/Sm3 compared to 
37-41 MJ/Sm3 in natural gas. Meanwhile, the heating value by mass of hydrogen is 120-142 MJ/kg compared to 
natural gas at 47 – 52 MJ/kg. (See table below).

Consequently, hydrogen combustion requires a lower mass flow rate than natural gas (Chiesa, P., Lozza, G., 
& Mazzocchi, L. 2005). This property requires the gas turbine to have a very flexible fuel supply system. The 
system can be designed to either (1) modulate the flow of natural gas to achieve changing GT loads or (2) use 
a fixed hydrogen content in the fuel gas that changes the fuel gas flow rate significantly when the GT loads are 
close to the design values.

Petro-SIM® software offers highly accurate and robust GT models. These models can use either plant data 
or data from a commercially available database to perform a plethora of studies such as fuel switch and 
performance analysis. Key vendor data can be automatically set up in the Petro-SIM software from this GT 
database as shown in Figure 1. Using plant data, the GT turbine model can be calibrated to match the actual 
machine performance.

Figure 1. Commercial gas turbine databank in Petro-SIM model.

Gas Heating value by volume Heating value by mass

Hydrogen ~ 11 – 13 MJ/Sm3 120 – 142 MJ/kg

Natural gas 37 – 41 MJ/Sm3 47 – 52 MJ/kg



This study investigated a set of turbines from the following leading manufacturers: Siemens, Mitsubishi and 
GE. The models were selected based on information from each manufacturer (Siemens-Energy; Mitsubishi; 
GE), respectively. The hydrogen varied while the natural gas was controlled to achieve 90% of the GT design 
load. In this study, the natural gas had the following composition: 0.6 vol% CO2, 1.2 vol% N2, 94.5 vol% 
methane, 3.0 vol% ethane, 0.5 vol% propane, and 0.2 vol% others. Air relative humidity was assumed to be 15%.

Figure 2 shows the flowsheet used in the Petro-SIM simulator for this study. Hydrogen flow rate was gradually 
increased, and the adjusted logical operation (ADJ-1) modulated the natural gas flow to maintain 90% for the 
GT load. The same flowsheet was used for the three different GT manufacturers.

Figure 2. GT with variable hydrogen content in the Petro-SIM simulator
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The following are observations from all simulation results:

CO2 emissions
As expected, the CO2 emissions decreases as the hydrogen content in the fuel gas increases. When hydrogen 
content in the fuel gas is 75 vol%, Siemens’ GTs reduces CO2 emissions by about 48% (see Figure 3). Figure 
4 shows a very modest reduction in CO2 emissions due to the limited hydrogen content that Mitsubishi 
guarantees for very specific combustor types (Siemens-Energy). Finally, Figure 5 shows GE turbines reduce  
CO2 emissions by an average of 48% when hydrogen content is 75 vol%.

Fuel gas requirements
Figures 6, 7, and 8 show the amount of fuel required to maintain a fixed GT load, which is 90% of the 
rated capacity for all gas turbines. As the hydrogen content increases in the fuel gas, the fuel volumetric 
requirements exhibit an almost quadratic growth trend. Figure 6 shows the case for Siemens’ GTs, the 
total volumetric fuel flow for all turbines for a hydrogen content of 75 vol% is 2.1 times compared to the 
requirements for fuel gas. Similar ratio of 2.1 of total to fuel gas volumetric rate is estimated for GE’s gas 
turbines. This ratio implies a large actual volume flow rate of fuel gas to the GT, which for existing facilities 
might be difficult to accommodate.

Figure 3. CO2 emissions vs. hydrogen content in fuel gas for Siemens’ GTs



Figure 4. CO2 emissions vs. hydrogen content in fuel gas for Mitsubishi’s GTs

Figure 5. CO2 emissions vs. hydrogen content in fuel gas for GE’s GTs



Figure 6. Fuel requirements vs. hydrogen content in fuel gas for Siemens’ GTs

Figure 7. Fuel requirements vs. hydrogen content in fuel gas for Mitsubishi’s GTs



Figure 8. Fuel requirements vs. hydrogen content in fuel gas for GE’s GTs

Figure 9. CO2 intensity vs. hydrogen content for Siemens’ GTs



Figure 10. CO2 intensity vs. hydrogen content for Mitsubishi’s GTs

Figure 11. CO2 intensity vs. hydrogen content for GE’s GTs

Emissions intensity 

The emissions intensity is reported as grams of CO2 with respect to GT power generation. Figures 9, 10,  
and 11 show simulation results. As expected, the intensity decreases with the increase of hydrogen in the 
GT fuel feed. The simulation results show, in general, that the smaller gas turbines have higher CO2 intensity 
compared to larger GT models. This is because the efficiency of a small GT is lower, and thus it consumes 
more fuel per unit power produced. For example, Figure 9 shows Siemens’ GTs, SGT-800 has a rated power of 
47.5 MW (Siemens-Energy), its maximum CO2 intensity is 10% smaller with respect to the intensity from the 
SGT-600, which has a rated power of 24.48 MW. The exception is SGT-750, with a rated power of 39.81 MW its 
maximum CO2 intensity is the smallest of all turbines in this study. The reduction of CO2 intensity for small GT 
is similar to the intensity of larger GTs. For example, in Figure 11, the 7F.04 GE model has a rated power of 
198 MW (GE), and when the hydrogen content in its fuel feed reaches 70%, the CO2 intensity has decreased by 
48%, in comparison with the 6B.03 GT model (44 MW of rated power), which at the same content of hydrogen 
in the fuel feed its CO2 intensity has reduced by 48% as well.



Effect on the GT exhaust temperature

The GT exhaust temperature is a significant variable to watch when adding hydrogen into the fuel gas 
mixture. Figures 12 and 13 show the change in exhaust temperatures when hydrogen content increases for 
selected Siemens’ and GE’s GTs.

From the figures above, all GTs show an inverse relationship. That is, exhaust temperatures decrease as the 
hydrogen content in the fuel gas increases. For Siemens GTs, the change of exhaust temperature reaches 
up to 7°C when the hydrogen content is 75 vol%. For similar hydrogen content, the GE’s turbines present an 
average temperature near 8°C. This decrease in exhaust temperature can affect the performance of the GTs 
integrated cycle systems using hydrogen. A future study on the effects of hydrogen content in fuel gas for 
combined cycle systems, using Petro-SIM simulation software, will be released in the future.

Figure 12. Exhaust temperature vs. hydrogen content for Siemens’ GTs

Figure 13. Exhaust temperature vs. hydrogen content for GE’s GTs



Conclusion
Major GT manufacturers have exploited this decarbonization strategy. That is, using hydrogen to reduce CO2 
emissions from gas turbines. With a hydrogen content reaching 75 vol% in the feed fuel gas, the emissions 
reduce to nearly 50%. However, due to hydrogen’s low heating value, the total amount of fuel gas in actual 
volume flow rate. For established facilities, switching to hydrogen-natural gas fuel blends can be challenging. 
Due to differences in efficiency, the use of hydrogen in the fuel gas is more advantageous for large GTs 
compared to small GTs. However, the CO2 intensity reductions with an increase of hydrogen remain the 
same for all GTs regardless of size. Finally, the addition of hydrogen in the GT fuel gas decreases the exhaust 
temperature, with a potential implication on the expected performance of combined cycle systems.
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