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Why Hydrogen GTs?
Requires H, production at large-scale, lowering cost and supports
decarbonization of industry, transport, and heat on path to net-zero
Lower LCOE than CCGTs in flexible operation and nuclear plants in
baseload operation under future BEIS carbon price projections
Supports intermittency of increased renewable generation
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OEM position on high H, gas turbines
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High-Volume Hydrogen Gas
rrown Turbines Take Shape

ALSO IN THIS ISSUE In preparation for a large-scale power sector shift toward decarbonization, several major power equipment
May 1 9 manufacturers are developing gas turbines that can operate on a high-hydrogen-volume fuel.

News | I

; According to several experts, efforts by companies like Mitsubishi Hitachi Power Systems (MHPS), GE Power,
Q&A W|th Geothermal Experts

Siemens Energy, and Ansaldo Energia to develop 100% hydrogen-fueled gas turbines have recently shifted into

‘3 by Darrell Proctor high gear, owing in part to new carbon reduction policies worldwide that have accelerated renewables capacity.
The companies—which all manufacture large gas turbines but are jostling to sell them in a diminished market—

Connected Plant | May 1, 2019 are also actively competing for a concrete footing in future markets, including those that could thrive in a

THE BIG PICTURE: 30 hydrogen economy.

Innovations Revolutionizing

the Power Industry Experts note hydrogen—the most abundant and lightest of elements—is odorless and nontoxic, and it has the
highest energy content of common fuels by weight, which means it can be used as an energy carrier in a full

a‘ by Sonal Patel range of applications, from power generation to transportation and industry. Though it is not found freely in

nature and must be extracted (produced, or “reformed”) via a separate energy source (such as power, heat, or
Ocean/Marine | M 2019 light), the hydrogen industry is today well-established in sectors that use it as a feedstock. Increasingly,
Clump Welghts in Offshore however, hydrogen is being considered the missing link in the energy transition as key technologies to produce it
Mooring Systems ) . ‘
) using renewable electricity, such as proton exchange membrane electrolyzers and fuel cells, reach technical
‘Q’;ﬂ by Aaron Larson maturity and economies of scale.
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Potential for gas composition variation
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Adapted from “Blending Hydrogen into Natural Gas Pipeline Networks: A Review of Key Issues” M.
W. Melaina, O. Antonia, and M. Penev NREL Technical Report: NREL/TP-5600-51995 (2013).



Flexibility will be key, but can

these systems achieve 0 — 100% ?
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Figure 3. Modifications on 9E gas turbine for low calorific value gases.
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Figure 1. Fuel used on high efficiency gas turbines.
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Current State-of-the-Art
High H, (up to 100%) gas turbines are a reality today...

L o
e Often requires diffusion
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*MW, ISO, base load,
natural gas version 2.0, March 2019 Source: Siemens

In 2019, CTOs of Siemens, General Electric, Solar, Mitsubishi, Ansaldo,
and MAN Energy Solutions committed to 100% H, GTs by 2030
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Challenges in multi-fuel utilisation

Siemens SGT A-05

Fuel flexibility in gas turbine systems: impact on
burner design and performance. M.Huth,
A.Heilos Modern Gas Turbine Systems.
https://doi.org/10.1533/9780857096067.3.635 GE Concept burner




Additive manufacture is likely to

i be a solution in fuel flexibility
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Hydrogen Challenges

o

* Embrittlement

e Safety

* Burning rate

e Containment, transport and flow control

* Density and storage
* “there’s not much hydrogen in hydrogen”
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N - Nitrogen
H - Hydrogen
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Air Products announces $5bn renewable hydrogen to ammonia
investment

By Matthew Farmer

Air Products intends'to.move power-to-hydrogen technology toward using
ammonia. Credit: Air Products.

Sign up here for GlobalData's free bi-weekly Covid-19 report on the latest
information your industry needs to know.

US industrial gas and chemical business Air Products has announced a $5bn joint
investment in a chemical production plant in Saudi Arabia powered by 4GW of
renewable energy. The company will form a joint venture with Saudi generator ACWA
Power and tech accelerator city Neom to jointly fund a power-to-hydrogen-to-
ammonia facility.
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1. Catalytic steam reforming of the sulfur-free feedstock is used to form hydrogen plus carbon
monoxide:
CH,+H,0 —- CO + 3H,

2. Catalytic shift conversion to convert the carbon monoxide to carbon dioxide and more
hydrogen:
CO+H,0—-CO,+H,

3. Carbon dioxide is then removed either by absorption in aqueous ethanolamine solutions or
by adsorption in pressure swing adsorbers (PSA).

4. The final step in producing the hydrogen is to use catalytic methanation to remove any small
residual amounts of carbon monoxide or carbon dioxide from the hydrogen:
CO+3H,— CH, +H,0
CO, +4H, —» CH, +2H,0

5. To produce the desired end-product ammonia, the hydrogen is then catalytically reacted with
nitrogen (derived from process air) to form anhydrous liquid ammonia. This step is known as
the ammonia synthesis loop (also referred to as the Haber-Bosch process - 1909):

3H, + N, — 2NH,



https://en.wikipedia.org/wiki/Haber-Bosch
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Ammonia as a traded chemical

* The Elobal ammonia market size is anticipated to reach
S76 billion by 2025.

e Current market amounts to 181 million tonnes, of
which 10% is traded on the world market.

* The global demand for hydrogen is about 70 million
tonnes (although about 30 MT is used to produce NH,)

* As such NH, is one of the most widely produced
industrial cﬁemicals in the world.

« Ammonia is used mainly in fertilizer production.

* Normally produced from the cracking of natural gas,
but direct synthesis from water is possible and this
route can also be decarbonized.
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Funding secured to
- develop large CCS-
L == " equipped ammonia
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SMART ENERGY FOR O

* A new carbon capture and storage project is to go ahead near West Terre Haute,
Indiana, USA, in an ammonia plant run by Wabash Valley Resources. Capturing
1.5-1.75 million tonnes of CO, per annum, the CCS part of the project is expected
to become the largest sequestration project in the USA — as a comparison, the
Boundary Dam Unit 3 CCS facility in Canada captures around 1 million tonnes per
annum.

* Funding from OGCI Climate Investments, an arm of the Oil and Gas Climate
Initiative, members of which include BP, Shell, Eni, Petrobras, Total and Equinor.

» The near carbon-zero production of ammonia will be of keen interest to those
hoping to develop the substance as a fuel for industrial combustion, and the
CCS project as a whole will also be a step forward for the wider combustion
community, provided it is a success.

https://ifrf.net/combustion-industry-news/funding-secured-to-develop-large-ccs-equipped-ammonia-plant-in-indiana-usa/



https://ifrf.net/combustion-industry-news/funding-secured-to-develop-large-ccs-equipped-ammonia-plant-in-indiana-usa/

Hydrogen densities in hydrogen carriers. Courtesy of
Prof. Yoshitsugu Kojima, Hiroshima University.
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SMART ENERGY FOR OUR FUTUR
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Obstacles
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« Ammonia Carbon-free synthesis (cost reduction,
efficiency improvement).
 CCS is an attractive option since the technology to
produce NH, from natural gas is very well established.

* Power generation at utility-scale from ammonia
production (stable, low emissions)

* Public acceptance through safe regulations and
appropriate community engagement.

 Economics — profitable scenarios (cannot be
applied everywhere)




..but can you use it to generate power?
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* Ammonia can be used as fuel for gas turbine
systems.

* Although, key challenges are:
* Slow chemical kinetics
* High NOx emissions
e Safety issues due to toxicity

* New programs of research have been conducted to
use ammonia as fuel for power generation in gas
turbines.

* NH; can split during combustion into hydrogen and
nitrogen/hydrogen radicals.
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* Experience is showing us that if OEMs can
solve the H, challenges, they will most likely
solve the NH,; challenges.

* Depends on market factors.

* There has been a surge in OEM interest in
Ammonia gas turbines in the last two years.




Options for NH, / H, deployment
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Thank you!

https://www.linkedin.com/showcase/cardiff-
university-gas-turbine-research-centre
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