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The Creation of an eFuels Export 
Market
• Offshore wind resource in the Cook Inlet

• Potential markets for renewable power and the 
challenges of intermittency

• The importance of large-scale hydrogen storage

• Nikiski today and tomorrow

• Next steps
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Cook Inlet

• one of only four offshore US 
locations with average wind 
speeds > 10 m/s

• only such area
• with water depth < 60 m
• in an energy community

• > 60% gross capacity factor *
• high power prices (US #2)
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US wind resources

Del Norte
Humboldt

Cape Mendocino

Morro Bay 
Diablo Canyon

Lower Cook 
Inlet

* NREL 2023
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10 m/s

Cook Inlet wind

NREL

10+ GW

Nikiski
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Lower Cook Inlet - the 
“Perfect” location to capture 

winds from all directions 
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• 15 MW capacity

• 64% capacity factor

• 79 GWh/yr output

Cook Inlet wind
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a 12 MW
Haliade-X 
offshore 
wind nacelle

current 
standard is
15 MW

each blade is 
107m (351ft) 
long 
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assemble it here …

shallower water
(fixed bottom)

WTIV Charybdis – 1st US flagged vessel



… or tow it from there

deeper water
(floating)
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Kincardine 5 x 9.5 MW wind farm,
offshore Aberdeen, Scotland



H2 reservoir
storageKincardine 5 x 9.5 MW wind farm,

offshore Aberdeen

Cook Inlet Wind-Hydrogen Hub

Cook Inlet
Wind

(1+ GW)

hydrogen

carbon dioxide

SAF

eDiesel

methanol

eGasoline
eFuelsDAC/DOC

ammonia

dispatchableintermittent

CO2 imports

energy exports

natural gas

power grid

hydrogen
power

electricity

heavy transport

local benefits

CO2 reservoir
storage

H2 reservoir
storage



energy storage technologies
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1 hour

flywheels

electric batteries

compressed air

pumped
hydro

hydrogen reservoir storage

1 day

1 month

6 months

1
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100

1000

10,000

100,000

1,000,000 minutes (log scale)

1 MWh 1 GWh 1 TWh

hydrogen
salt caverns

1 kWh (log scale)





natural gas reservoirs vs. salt caverns
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variable storage
volume costs @

given withdrawal
rate
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Geologic Storage 
Opportunities 

Leon Hibbard, Pacific Northwest National Laboratory; Nicolas Huerta, Pacific Northwest National Laboratory; Gregory Lackey, National 
Energy Technology Laboratory, Clean Hydrogen Hubs and Geologic Storage Shapefiles, 
1/17/2024, https://edx.netl.doe.gov/dataset/clean-hydrogen-hubs-and-geologic-storage-shapefiles PNNL-SA-196651

https://edx.netl.doe.gov/dataset/clean-hydrogen-hubs-and-geologic-storage-shapefiles
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Geologic Storage 
Opportunities 

Leon Hibbard, Pacific Northwest National Laboratory; Nicolas Huerta, Pacific Northwest National Laboratory; Gregory Lackey, National 
Energy Technology Laboratory, Clean Hydrogen Hubs and Geologic Storage Shapefiles, 
1/17/2024, https://edx.netl.doe.gov/dataset/clean-hydrogen-hubs-and-geologic-storage-shapefiles PNNL-SA-196651

https://edx.netl.doe.gov/dataset/clean-hydrogen-hubs-and-geologic-storage-shapefiles


1,295 conventional hydrocarbon pools, 
51 natural gas storage pools, ~ 10 major 
producing formations ( > 1 % total 
production)

92 hydrocarbon 
pools, 4 natural 
gas storage 
pools, 5 main 
producing 
formations

Geologic Storage Case Studies

PNNL-SA-196651



Cook Inlet, 
Alaska

1. Storage volume

2. Physical and chemical 
suitability

286 TWh H2 working gas in Cook Inlet

29 hydrocarbon pools and two natural gas storage pools could meet a theoretical H2 
storage demand

48 pools are currently unused PNNL-SA-196651



Cook Inlet, Alaska

Some formations exhibit higher 
temperatures and pressures, better 
porosity and permeability, and lower 
oil saturations

1. Storage volume

2. Physical and chemical 
suitability

PNNL-SA-196651
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Cook Inlet, Alaska Some formations are relatively 
quartz-rich and clay poor
All exhibit low calcite and no 
gypsum or pyrite

Some formations exhibit higher 
temperatures and pressures, better 
porosity and permeability, and lower 
oil saturations

1. Storage volume

2. Physical and chemical 
suitability

= potentially 
favorable

PNNL-SA-196651



Cook Inlet, Alaska

• Seven out of 92 pools offer available and 
adequate storage volumes and potentially 
favorable characteristics for hydrogen 
storage

• Next steps are site characterization and 
development

Submitted to Applied Energy

PNNL-SA-196651



Nikiski today – oil & gas hub
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• oil & gas production operations
• underground natural gas storage
• deep-water port
• refinery
• LNG & ammonia plants (mothballed)
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Nikiski

core activities

• offshore wind power
• hydrogen electrolysis
• hydrogen reservoir storage
• CO2 direct air/ocean capture
• reservoir CO2 storage
• green fuels production
• green fuels export

H2 storage reservoir(s)

Anchorage

intermittent power
 hydrogen
         carbon dioxide
         eFuel export

Nikiski tomorrow

existin
g multi-fu

el 

pipeline

CO2 storage 
reservoir(s)

other activities

• CO2 import & sequestration
• geothermal & tidal power
• in-state power supply

• residential/commercial
• industrial (mines, etc.)



hydrogen reservoir storage
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O2

H2O

H2

export

CH4

clean-upelectrolyzer eFuels plant

intermittent
renewal power

characteristics

• ultra-long duration (> 6 mth)
• ultra-high capacity (> 1 TWh)
• meteorological storage
• inter-seasonal storage
• cost ∝ withdrawal rate
• cost NOT-∝ storage capacity
• capacity ∝ reservoir size
• low cost (~$0.45/kg gross)
• low cost (~$0.15/kg net*)

* AMP estimate using offshore wind power
with 64% capacity factor

H2

depleted
natural gas
reservoirs
(stacked)

methane

water
(aquifers)

H2

methane



Hydrogen storage pilot

NEL Model MC500 PEM Electrolyzer
• Power requirement – 2.5 MW
• Production volume – 18,704 scf/h (0.45 mmscf/d)
• Production mass – 1.062 t/d
• Delivery pressure – 30 barg (435 psig)



way forward
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feasibility study
(2022-23)

Cook Inlet & other 
studies (2023-25)

pre-commercial pilot test
• project management
• drill & complete well(s)
• design & construct facility
• 2-years injection & withdrawal cycling
• post-test well & reservoir sampling
• ~5 years, ~$25-35M

“nimble engineering”

local context           ^

select reservoir, prepare test
• project management
• well & reservoir sampling
• leasing & permitting
• commercial agreements
• engineering design
• ~2 years, ~$5M

business strategy     >

“good science”

science project
DOE sponsored, SHASTA operated ($7M to date)

commercial by

✅ ✅

✅

✅

national studies, funding delays, 
citations, papers  ……

2030

Phase 2
Phase 1

Phase 3
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best
                    

 for wind power …

for hydrogen storage …

for green fuels

Email: david.clarke@alaskamarinepower.com
Mobile: 907 242 6022

mailto:david.clarke@alaskamarinepower.com

