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. DOE-Wide Priority: Hydrogen at Scale (H,@Scale)

DOE’s H2@Scale initiative provides an overarching vision for how hydrogen can enable energy pathways

across applications and sectors in an increasingly interconnected energy system.
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RD&D, Demonstration Project Examples

Different regions, hydrogen sources, & end uses across sectors
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. Regional Hydrogen Deployment Analyses

H, Regional Deployments have the potential to site in regions vulnerable to impacts from fossil energy job losses
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Assessment of regional hydrogen/CCUS infrastructure buildout and job impacts
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Elements of Regional Analysis of Hydrogen Economy
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Jl Existing and Announced Clean Hydrogen Projects in U.S.
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Announced IZIydrogen Turbine Projects in U.S.
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. High H, Turbines for Power Generation

Apply science and engineering knowledge of stable
high temperature, low NO, hydrogen combustion.

* Apply H, combustion engineering to utility scale
and aero derivative machines — new and retrofit

» Development of CFD models that can handle
complex chemistry, flashback at part load, moisture
effects on heat transfer and TBCs

« Develop and test hydrogen combustion retrofit
packages

* Apply advanced manufacturing for hydrogen
combustors

» Develop control strategies and instrumentation

Aim for 100% zero-carbon machine to meet the
demand for flexible, low-carbon power.
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Compressor
Improved compressor efficiency
through three dimensional aero

dynamics for higher pressure
ratio

Turbine

Improved aerodynamics, longer

airfoils for a larger annulus / higher
Combustor mass flow and improved internal
Combustion of hydrogen fuels cooling designs to minimize cooling
with single digit NOx, no flows while at higher temperatures
flashback and minimal

combustion instability

Improved diffuser designs for higher
temperature exhaust, lower pressure
drop with increased mass flow

Increase rotor torque for higher
power output and the potential
for lowering capital cost ($/kW)

»| Materials

Improved TBC, bond coats and
base alloys for higher heat flux,
thermal cycling and aggressive
conditions (erosion, corrosion

and deposition) in IGCC

Leakage
Reduced leakage at tip and wall

interface and reduced
recirculation at nozzle/rotating
airfoil interface for higher turbine
efficiency and less purge

applications




« Tested at full F-class & advanced gas turbine conditions.

* 100+ hours full can combustor operation with > 90% H.,.

« 20 hrs operation with 100% H,

« <3 ppm NOx @15% O, at target temp. with N, diluent.

« NOx emissions for H, fuels likely similar to natural gas
that have been demonstrated for full scale combustor
geometries. _

High-Hydrogen

Directly led to full scale combustion system development

Full-scale tests will advance
' technology readiness level to
P TRL6 to support future

TURNING commercialization efforts
VANES

ADVANCED
PREMIXER

AXIAL FUEL
STAGING
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NOx @ 15% 02 (ppmVd)
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H2 Turbine,

Combustor Exit Temperature (°F)

Ref: Proceedings of ASME Turbo Expo 2012, June 11-15, 2012, Copenhagen, Denmark, GT2012-69913;
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DEVELOPMENT AND TESTING OF A LOW NOX HYDROGEN COMBUSTION SYSTEM FOR HEAVY DUTY
ENERGY | carbon Management GAS TURBINES, W. York, W. Ziminsky, E. Yilmaz *




. Hydrogen Awards Under Funding Opportunity Announcements

FOA 2400 Solid Oxide Fuel Cells (SOFCs)

* FY21 - Solid Oxide Electrolysis Cell (SOEC) Technology Development for Hydrogen Production ($8M over 2
years, 8 awards)

FOA 2400 Advanced Turbines
* FY21 - Hydrogen Combustion Systems for Gas Turbines — Industrial Class ($4.5M over 4 years, 1 award)

FOA 2397 Advanced Turbines

* FY21 - University Turbine Systems Research (UTSR) — Focus on Hydrogen Fuel — ($6.2M over 3 years, 8
awards)

FOA 2376 Gasification

* FY20 - Enabling Gasification of Blended Coal, Biomass and Plastic Wastes to Produce Hydrogen with Potential
for Net Negative Carbon Dioxide Emissions — ($2M over 2 years, 4 awards)

FOA 2300 SOFCs

* FY20 - Solid Oxide Fuel Cell (SOFC), Electrolyzer, and Hybrid Technology Development — ($34M over 3 years,
12 awards)
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Global Interest in Hydrogen

Around the world hydrogen projects of unprecedented scale are being announced
across the entire value chain, with 85% location in Europe, Asia and Australia
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Giga-scale Large-scale Transport Integrated Infrastructure
production industrial usage Trains, ships, trucks, cars H, economy projects
Green H, projects >1GW and  Refinery, ammonia, methanol, and other hydrogen mobility  ¢;6¢5.industry, and projects H, distribution, transportation,
blue H, projects >200 kt p.a.  steel, and industry feedstock applications with different types of end-uses  conversion, and storage
Hydrogen Council McKinsey
- & Company 4

Source- H2 Council- to be published
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Questions?

Robert Schrecengost
Senior Program Manager
Division of Hydrogen with Carbon Management
Robert.Schrecengost@hqg.doe.gov




