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Project Goal: Assess Hydrogen Export Opportunity and Potential 
to Leverage Existing Liquefied Natural Gas (LNG) Infrastructure

What
• Quantify export market potential and competitiveness of multiple transport paths
• Quantify hydrogen technical potential and access to cheap, clean electricity near LNG facilities
• Understand and quantify what cost or time savings may be achieved from leveraging existing LNG 

infrastructure, if any

How
• Assess existing literature, public announcements, previously conducted DOE research and other 

publicly available technical reports
• Leverage NREL past resource assessment work, NREL’s U.S. Utility Rate Database (USURDB) and EPA’s 

eGRID data
• Interview industry exports in cryogenic technologies and derive approximate cost estimates

Why • To understand if such opportunities exist and if so, how to leverage infrastructure to economically 
scale exports

Understand hydrogen export potential, competitiveness of transport 
paths, access to cheap, clean electricity and how, if at all, existing LNG 

facilities could be leveraged
Vision
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Overview: Analysis of Hydrogen Export Potential
Timeline Partners

Start: May 2021
End: April 2022

90% complete*

*As of April 25th, 2022

National Labs
NREL - Mark Chung, PI
Argonne National Lab – Ed Frank
Argonne National Lab – Amgad Elgowainy
Argonne National Lab – Krishna Reddi

Budget

Total project budget: $175k
• DOE Share: $175k
• DOE funds spent*: $30.4k
*as of ~03/01/2022
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Approach (1/1): Analysis of Hydrogen Export Potential

Task Description Status Lab Challenges / 
Barriers

Quantify potential export market size Complete NREL
High uncertainty 
without deeper 

analysis

Quantify and compare cost competitiveness of hydrogen export 
paths Complete NREL None

Quantify hydrogen production technical potential within 200-
mile radius of existing LNG export terminals Complete NREL None

Identify access to clean, cheap electricity within a 200-mile 
radius of LNG export terminals In Progress NREL

Difficult to know 
with certainty the 

emissions from 
grid electricity

Understand and quantify what cost or time savings may be 
achieved from leveraging existing LNG infrastructure, if any Complete ANL

Existing literature 
is sparse. Rely 

primarily of 
expert 

interviews.
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Base case and High case: Max potential green hydrogen imports by 2030 could be 2.41 mtpa, assuming base
case demand growth and only 5 GW of electrolyzer capacity installed. Should significant demand materialize,
required imports could reach 5.4 mtpa. Low case suggests 1.08 mtpa of required imports.

Accomplishments and Progress (1/10): 
Quantifying German Import Potential

Source: Opportunities for Hydrogen Energy Technologies Considering the National Energy & Climate Plans, German National Hydrogen Strategy

Easy-to-decarbonize

55% (1.65 mtpa)

Base Case 
Potential 
required 
imports

If significant demand 
materializes, required 
imports could be as 
much as 5.4 mtpa

3.0

https://www.fch.europa.eu/sites/default/files/file_attach/Brochure%20FCH%20Germany%20%28ID%209473039%29.pdf
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Accomplishments and Progress (2/10): 
Quantifying International Import Potential

International export market potential could reach 40+ mtpa by 2050

• EU to import 19 mtpa by 2035 to support energy and feedstock transition. This quantity is far beyond limits of 
what existing infrastructure can handle. – Hydrogen Import Coalition

• EU to import 30 mtpa by 2050, half of potential demand. – World Energy Council Report 
• Korea to import 2 mtpa by 2030 – Korea’s Ministry of Trade, Industry and Energy
• Japan will require 5-10 mtpa imported hydrogen by 2050 – Ministry of Energy Trade and Industry

• Developing LH2 capabilities with Australia. Trying to demonstrate LH2 supply chain in the 2020’s for 
commercial deployment in 2030’s. Also looking to research MCH and ammonia as alternative pathways.

• Large LNG importers are likely to be large hydrogen importers. Japan imported 85 MM tons of LNG in 
2016.

Sources: METI Basic Hydrogen Strategy 2017, METI Basic Hydrogen Strategy slides, Australia National Hydrogen Strategy, S&P Global Insights – South Korea Hydrogen, Clean Energy Wire Article, World Energy 
Council paper, S&P Global Insights – European Hydrogen, World Energy Council Report, Hydrogen Import Coalition Report

https://www.meti.go.jp/english/press/2017/pdf/1226_003b.pdf
https://www.meti.go.jp/english/press/2017/pdf/1226_003a.pdf
https://www.industry.gov.au/sites/default/files/2019-11/australias-national-hydrogen-strategy.pdf
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/112621-s-korea-to-provide-279-mil-mtyear-of-clean-hydrogen-by-2050#:%7E:text=Under%20the%20plans%2C%20the%20country,to%20the%20Ministry%20of%20Trade%2C
https://www.cleanenergywire.org/news/imports-cover-about-half-eus-hydrogen-needs-2050-report
https://www.weltenergierat.de/publikationen/studien/hydrogen-imports-into-the-eu/?cn-reloaded=1
https://www.weltenergierat.de/publikationen/studien/hydrogen-imports-into-the-eu/?cn-reloaded=1
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/electric-power/061521-european-green-hydrogen-supply-sufficient-to-meet-demand-in-2040-report
https://www.weltenergierat.de/wp-content/uploads/2021/10/WEC-Europe_Hydrogen-Import-Study.pdf
https://www.waterstofnet.eu/_asset/_public/H2Importcoalitie/Waterstofimportcoalitie.pdf
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Accomplishments and Progress (3/10):
Transport Cost Comparison

DOE cost estimates of LH2 transport in range of third-party estimates. All studies concur 
LH2 for export is the most expensive transport pathway, but cost estimates vary widely.

Acronyms Defined:
• LOHC = Liquid organic hydrogen carrier (dibenzyl toluene), 

except DOE which used MCH
• MCH = Methylcyclohexane
• NH3 = Ammonia
• MeOH = Methanol
• GH2 = Gaseous hydrogen via pipeline
• LH2 = Liquid hydrogen via ocean tanker
Sources: NREL Research; Ahluwalia, 2021; Elgowainy, 2021; 
International Energy Agency, Hydrogen Import Coalition, CE 
Delft, Guidehouse
* DOE estimates are based on research done as of May 2021. 
** Green hydrogen from Morocco via new build 48’’ pipeline
*** Green hydrogen from Seville, Spain to Hamburg, 
Germany via new 48’’ pipeline
Assumes production cost of 2 USD/kg for comparison 
purposes
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Accomplishments and Progress (4/10):
U.S. Technical Potential

Hydrogen production technical potential amounts to ~885 mpta, but how can existing 
LNG infrastructure benefit large-scale hydrogen exports?

Note: Technical production potential differs from economic potential as it does not include economic or market constraints.
Resource Assessment for Hydrogen Production, Connelly et al. 2020
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Accomplishments and Progress (5/10):
Can existing LNG Export Terminals be Leveraged?
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Accomplishments and Progress (6/10):
Can existing LNG Export Terminals be Leveraged?
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Accomplishments and Progress (7/10):
Can existing LNG Export Terminals be Leveraged?
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Accomplishments and Progress (8/10):
Can existing LNG Export Terminals be Leveraged?
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Accomplishments and Progress (9/10):
Can existing LNG Export Terminals be Leveraged?
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Accomplishments and Progress (10/10):
Can existing LNG Export Terminals be Leveraged?
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Collaboration and Coordination

• U.S. DOE National Laboratories
– NREL: Project Lead
– ANL: Assessing whether there are advantages to hydrogen liquefaction that could 

be provided by existing LNG export terminals
• Expert interviews

– In-depth interviews with process engineers skilled in designing, building, and 
deploying commercial cryogenic technologies
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Proposed Future Work

• Planned tasks for FY22
– None at this point. Awaiting further guidance from HFTO.

• Proposed future tasks 
– Deeper dive into global import potential with country-by-country supply/demand analysis and hydrogen breakeven economics 

to competing fuels.
– Quantify on a country-by-country basis the levelized cost of hydrogen from renewable resources.
– Quantify economics of larger-scale exports (including terminals, transport, hydrogen conversion/gasification) to better 

understand costs at scale.
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Remaining Challenges and Barriers

• Difficulty in pinpointing emissions to electricity from the grid makes 
identifying low-cost, clean grid electricity highly uncertain.

• Due to uncertainty and ambiguity on clean, low-cost grid electricity, 
this portion of the analysis has been put on hold until further 
guidance from HFTO on direction of this work.
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Summary 

• The size of the hydrogen export market could reach 40+ mtpa by 2050
• The most expensive mode of transport overseas is in liquefied form with costs across liquefied 

and carrier form ranging widely.
• The technical potential for U.S. hydrogen production within 200 miles of existing LNG export 

terminals is significant at ~885 mtpa, but access to clean, low-cost electricity as well as 
economic and market constraints will limit access to cheap, low-cost production.

• Significant cost savings from utilizing LNG heat integration systems for liquefied hydrogen 
seems highly unlikely.

• However, time savings could be realized from utilizing idled terminals or failed projects if time 
from permit application and approvals can be saved.
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Technical Backup and 
Additional Information
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Accomplishments and Progress (Backup): 
Liquefaction Cost
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Accomplishments and Progress (Backup): 
Liquefaction Cost
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Accomplishments and Progress (Backup): 
Liquefaction Cost



NREL    |    24

Accomplishments and Progress (Backup): 
Affordable, Clean Grid Electricity

Note: OTHF = Other waste heat, OFSL = Other fossil fuel. 
Data source: NREL analysis,  EPA’s eGRID data. “Zero Emissions” = electricity production from solar, wind, hydro, and nuclear
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Accomplishments and Progress (Backup): 
Affordable, Clean Grid Electricity

Note: Units in $/kWh. These statistics represent values calculated over all tariffs in proximity to these LNG terminals
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Accomplishments and Progress (Backup): 
Affordable, Clean Grid Electricity
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Accomplishments and Progress (Backup): 
Affordable, Clean Grid Electricity
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Accomplishments and Progress (Backup): 
Affordable, Clean Grid Electricity
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