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10 Years Development of Ammonia Combustion Micro Gas Turbine Combustor at National
Institute of Advanced Industrial Science and Technology (AIST)
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ABSTRACT

AIST has installed an ammonia supply facility, a micro gas turbine, and a combustor test rig at the Fukushima

Renewable Energy Research Institute (FREA) to conduct research on ammonia combustion. From 2013 to 2024,

AIST has developed combustors for micro gas turbines that can be co-fired with gas-ammonia, pure gas-ammonia

combustion, liquid ammonia co-firing, and pure liquid ammonia combustion. In this paper, we introduce the

characteristics and exhaust gas emissions of ammonia combustors in different projects carried out at this same scale

facility, referring to previously published materials and papers.
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Fig. 1 Phases of R&D of ammonia combustor in AIST (Ref.: Table 1 No.40)
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Fig. 2 Schematic of ammonia combustion gas turbine and rig.

Table 2 Specification of micro gas turbine

Company Toyota Turbine and Systems Inc.
Gas turbine model TPCS0RA

Rated electric power output 50 kW

Voltage 200V

Frequency 50/60 Hz
Soundproofing below 70 dB

Size W 3250 mm x D 1000 mm x H 2600 mm
Weight 2530 kg

Engine model TGO51R

Engine type Regenerative cycle, Single shaft
Compressor Centrifugal one-stage
Turbine Radial one-stage
Rotating speed 80000 rpm

Fuel Kerosene

Fuel consumption Max. 21.1 L/h

Burning air volume 1370 Nm¥h

Exhaust gas temperature 271°C
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Fig. 8 Schematic of liquid/gaseous ammonia gas turbine.
(Ref: Table 1 No.12)
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Fig. 10 Relationship between Ty and unburnt NHa.
(Redraw from Table 1 No.24)
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Table 3 Specification of target gas turbine

Test rig NEDO project
Electric power |50 kW 2 MW
Manufacture Toyota Energy Solutions |THI
Type TPC50RA IM270
Cycle Regenerative Simple
Combustor 0.36 MPa 1.1 MPa
Pressure
Combustor Inlet High Medium
Tempereture
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Fig. 11 Liquid ammonia supply setup of combustor test rig.
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Fig. 13 Effect of input thermal power on NH; emissions.
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Fig. 14 Effect of input thermal power on NO emissions.
(Ref: Table 1 No.18)
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Fig. 15 Correlation of unburnt NHs and N2O emissions.
(Redraw from Table 1 No.18 & No.24)
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Table 4 Foreign research institute on ammonia combustion gas

turbine
No. 1 2 3 4 5 6
Institute NTNU/SINTEF  [KAUST Cardiff Univ. Toyota Energy Solution [IHI MHI
Country Norway Saudi Arabia UK Japan Japan Japan
GT manufact Siemens Ansaldo (Turbec) |Rolls-Royce Toyota Energy Solution [IHI MHI
GTtype SGT-750 AE-T100 501-KB5 300 kW IM270 H25
Power ou tout 41 MWe 100 kWe 4MWe 300 kWe 2MW soMW
Pressure ratio 6.6 10
T 950°C
nth 30%
Test condition Model combustor [mGT operation  (Model Combustor [mGT operation GT operation|Combustor
Max ammonia ratio| LHV 41.4% LHV 100% LHV 100% |N/A
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Fig. 16 Estimated combustor inlet temperature of simple cycle
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