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= HYDROGEN
GAS TURBINES

THE PATH TOWARDS A
ZERO-CARBON GAS TURBINE

“¥  ETN R&D RECOMMENDATION REPORT
ETN 2021 EOf

2020

GAS TURBINE APPLICATIONS
IN A CARBON-NEUTRAL SOCIETY

ETN GLOBAL'S VISION
Safe, secure, affordable and dispatchable
carbon-neutral energy solutions by 2030, 2050
implemented globally by 2050 AND BEYOND
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https://etn.global/wp-content/uploads/2021/07/ETN-RD-Recommendation-Report-2021.pdf

Strategy
/To Expedite the GT Technology Transition

/= Portfolio Development: Create promising pathways by gathering user
demands, consulting technology experts, and fostering market demand.

» Pathway Exploration: Delve into selected pathways in specialized

working groups, identify barriers and opportunities, and conduct feasibility
studies.

» Collaborative Projects and Activities: Execute joint research and demo
projects, and advocate for market incentives and regulatory support.
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Pathways & Technical development needs 3
Input from the GT user communities

ETN

GI®bal

» Increased cycle efficiency to reduce costs and emissions (merit order).
= Part-load efficiency and ramp rate improvements. Plants should be able to run on
low loads with fast power ramp-rates to compensate intermittency.

Increase t.c! flexibility to allow fast shift to low-carbon/carbon-free fuels and
mixes (hydrogen. biogas, ammonia).

Collaborauuii 10 align on a hydrogen safety procedures

Operational flexibility and system integration

Further technology maturity for CCGT + CCS. Commercial feasibility,
operational flexibility (peak vs base) and social acceptance.

=  Minimising O&M costs through automation and digitalisation.
» |mproved performance & life-time extension programs for current assets (retrofit).
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Properties of CH4/H2 mixtures

Challenges .
= Flame flashback 005 C intensity (rel to CH4)
= NOX emissions 80%
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ADDRESSING THE COMBUSTION
CHALLENGES OF HYDROGEN
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7 GTs with CO, capture 3

COLLECT

Issues
= with or w/o EGR

= dynamic operation
" minimum capacity
= COZ2 (re-use or sequester) |
.... to be continued ' |

CONCENTRATE

Exhaust Gas Recirculation (EGR)
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(low carbon) Gas Turbine solutions

EGR 4
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conventional coO Post - combustion
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2023 EDITION

= Operational Flexibility
: = High Efficiency
/4 = Extended Fuel Spectrum
/ = Emissions
= Decarbonisation
= Advanced cycles
= Decentralisation
= Materials
» Advanced Repairs
= Reliability, Availability, Maintenance
= Digitalisation
e = Sensors & Instrumentation
= Condition Monitoring & Lifing
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Transitions
Pathways

ETN R&D RECOMMENDATION REPORT
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Key objectives

Suppl

‘ Key topics
' Tech. solutions

‘ Specific solutions
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https://etn.global/wp-content/uploads/2021/07/ETN-RD-Recommendation-Report-2021.pdf
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’f 2030 Technology development requirements

]
7

.

‘ 1. Engine specific retrofit solutions to enable safe, flexible and reliable operation at up to 30% hydrogen
/ 7l | with upgrade option to up to 100% H, before 2030 without significant increase in the NOx emissions and
| maintaining the plant’s performance.

2. GT specific CCS solutions and other integrated energy system solutions (storage, waste recovery, and
other hybrid solutions)

3. Gas turbine specific upgrade packages enabling part-load efficiency and ramp rate improvements

4. Life assessment and extension programmes for plant specific gas turbines for cycle behaviour and
alternative fuels guaranteeing safe operation and optimised performance. Including advanced component
repair to reduce material resources and costs of ownership.

5. Optimise power plant operation and maintenance through better use of digitisation and analytics.
Combine analytics with engineering knowledge to reduce the operational costs and increase of plant’s
overall performance.

6. System integration and storage solutions
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ETN Global 3
Energy & ETN

Turbomachinery Network

&

Projects, studies Global cooperation for dispatchable, safe,

& research papers

affordable and sustainable energy solutions

Non-profit association with 130 organisation members:
Policy & Research &

/@ R g’é"% v’ Utilities, gas companies, industrial users,
gas distribution companies

Energy and Technical

R&D policy - working v' Gas turbines OEMs
PR operations sroups v’ suppliers and service providers

v’ consultancies
v’ research institutes and universities

o

Engine-specific
user groups

22 countries: Europe, Asia, & North America
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Cooperation for a successful

energy transition!

Network
with Users
Worldwide

High Level
User Meetings
Take part in the yearly High Level
User Meeting to discuss issues
of strategic importance to the
GT market, with both O&G
and Power Generation
industries
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Access to
GT Experts
Access to experts from the
whole GT value chain

Mt

ETN
®

Engine-
specific
Meetings

Participate in ETN and
GTUsers.com User Group

A

Guidelines, Feasibility Studies, R&D

Educational Courses
Tailor-made courses in areas

N\

Meetings on specific engines

ETN’s 11" IGTC

Projects
Participate in
international and
cross-functional projects

Standardisation, Best Practice

Projects and more

< o

of importance to the Users,
given by selected experts
from the R&D and
industry community

=

ETN NEWS

JULY | SEFTEMBER 2021 - Volume 2021 - Issue 03

ETH Global is a non-profit association
bringing together the entire value
chain of the gas turbine technology
community. Through cooperative sfiorts
and by initiating common activities and
projects, ETN encourages and faciltates
information exchange and cooperation
to accelerate rasearch, development,
demonstration, and deployment of safe,
securs and affordable carbon-nautral
anergy solutions by 2030.
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