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PROJECT AND GENERAL OBJECTIVES

The main objective of Achieve is to enable the
reduction of pollutant gases (CO, and NOx) from
current and future gas turbine installations by
providing a broad knowledge base and set of
validated (technology readiness level 4) solu-
tions for the combustion of unconventional
H, blends in gas turbines - that is, with com-
binations of H,, NH,, CH,, N, and H,0. Focused
dissemination of and efforts to exploit results
within the research and industry communi-
ties will allow those conducting the project to
build on these results to (i) develop technology
and solutions for current gas turbine engines
equipped with conventional swirl-stabilised
dry low emission combustion systems; and (ii)
develop novel combustor systems for future
gas turbines with significantly lower emissions
and better operability than current engines over
a wider range of unconventional H, blends.

H, is envisaged by many as the main substi-
tute for natural gas in the short/medium term
when produced from renewable or low-carbon
energy sources, particularly when these are in
excess. However, there are several challenges
with the combustion of H,, which include higher
chances of static (flashback) and dynamic (ther-
moacoustic) instabilities, and the strong sensi-
tivity of hydrogen flames to pressure. Critically,
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there are also significant challenges related to
the storage and transport of hydrogen due to its
high reactivity and low energy density, making
widespread implementation economically and
technically difficult.

NH, can act as a carbon-free carrier of hydro-
gen. NH, flame speeds are much lower than
those of hydrogen, and the infrastructure and
knowledge required to produce, transport and
store large quantities of ammonia are already
established, as NH, is used extensively in
fertilisers. However, NH, has a low burning
velocity, has a narrow flammability limit, can
produce a very high level of NOx and can be
toxic, limiting its use in practical combustion
applications. Blends of ammonia and hydrogen
have been studied as means to combine the
benefits of both fuels while mitigating their
limitations. These blends can be tailored to have
more favourable combustion characteristics,
for example flame speeds, flammability limits
and NOx emissions, than pure NH,, and better
safety than pure H, flames.

One promising pathway is to utilise NH, for the
transport and storage of renewable energy.
Others are the (partial) local conversion of NH,
into H,, and the combustion of H,/NH, mixtures
for power generation.
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PROJECT TARGETS
] Target
Target source Parameter Unit Target achieved?
Ability to handle H, content fluctuations _ For stable operation mtnh(l%lﬂguﬁl::;ir())ns, around 30 %vol./
et 3 65 % reduction in NOx in premixed operations; 80 % in
NOx emissions non-premixed operations (jet-in-hot-coflow burner)
Ability to handle H, content fluctuations %vol./min Stable combustion of Il;lfjrbr:z?)ds with 20 % NH, (TUB
Range of H, content in gas turbine fuel %mass 100 in conventional swirl-stabilised and novel burners
. ) N Low combustion instabilities (lower than 0.15 % of the
Ability to handle H, content fluctuations operating) for 100 % H,
NOx emissions ppm <100 with up to 20 % NH, (TUB burner)
E\{ents presentmg_ the project per year and links number 3
with other EU projects @
SRIA Range of H, content in gas turbine fuel %vol Up to 20 % NH, (TUB burner
(2021-2027) ge of H, g . P 4 ( ) &

Stable operation with H, fluctuations around 30 %vol./
Ability to handle H, content fluctuations - min (TUB bl{rner); no InSTabIh'[Ie.S p_RMS/p_op < 0'.15 ./°;
2 no flashback; no lean blowout, with a real-time monitoring
system to achieve stable operation

Peer-reviewed papers published number 12

Range of H, content in gas turbine fuel %vol. Validation of models to within 5 % accuracy (KPI 2.1)
NOx emissions ppmv at 15 % O, (dry) Validation of models to within 10 % accuracy
Ability to handle H, content fluctuations %mass/min Stable combustion with 100 % H, (TUB burner)

Validated computational singular perturbation
skeletal-mechanism- and virtual-chemistry-
mechanism-derived mechanisms for a use case

NOx emissions mg/MJ fuel < 25 ppm with 100 % H, (TUB burner)

28 % thermal cracking of NH, yielding 32.8 % H,, 10.9 % N,
and 56.3 % NH, by volume
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