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Hydrogen Energy Projects:
A Review of Legal Issues
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What, How, and Why of Hydrogen
Liability for CO2 Storage Projects (CCS)
Pore Space Ownership
Leasing for H2 and CO2 Storage and Production Projects
Practical Insights from Chis Celano
Questions

What - Hydrogen 101
• Simplest of the 118 elements
• 1 proton and 1 electron
• It is an energy carrier, and an energy source
– Can store or deliver usable energy, but
typically doesn’t exist by itself in nature (lightest of all elements)
– Must be produced from compounds that contain it
– Hydrogen has the highest energy content of any common fuel by weight
(about 3x more than gasoline) but lowest energy content by volume
(about 4x less than gasoline)
Sources: https://www.energy.gov/eere/fuelcells/hydrogen-production
https://www.eia.gov/energyexplained/hydrogen/

This Photo by Unknown Author is licensed under CC BY-SA

How - Hydrogen 101
Blue Hydrogen (Methane + Carbon Capture)

Source: https://nacfe.org/news/nacfe-december-2020-newsletter/
https://www.researchgate.net/figure/Block-diagram-for-a-steam-methane-reformer-for-hydrogenproduction_fig1_270955153’=

How - Hydrogen 101
Green Hydrogen (Water + Renewable Energy)

Sources: https://nacfe.org/news/nacfe-december-2020-newsletter/
https://www.haskel.com/en-kz/blog/green-hydrogen-and-windfarms

Why - Hydrogen 101
• Money
– Infrastructure Bill/Hydrogen Hubs

• ESG
– Net Zero Carbon/Zero Carbon

• Costs
– Blue Hydrogen at $1.50-$2.00 per kg

• Location
– Existing Natural Gas Production and Related Infrastructure
– Storage Potential for Hydrogen and Carbon

This Photo by Unknown Author is licensed under CC BY-SA

Liability for CO2 Storage Projects
Defining “Liability”
• Civil
• Third parties seeking compensation for damages

• Administrative
• Breach of regulator requirements

• Greenhouse
• Accounting for CO2 credits due to leakage

Sources: https://www.globalccsinstitute.com/wp-content/uploads/2019/08/Adopting-a-Commercial-Appraoch-to-CCSLiability_Thought-Leadership_August-2019.pdf

Liability for CO2 Storage Projects

Sources: https://www.globalccsinstitute.com/wp-content/uploads/2019/08/Adopting-a-Commercial-Appraoch-to-CCSLiability_Thought-Leadership_August-2019.pdf

Liability for CO2 Storage Projects

Sources: https://www.globalccsinstitute.com/wp-content/uploads/2019/08/Adopting-a-Commercial-Appraoch-to-CCSLiability_Thought-Leadership_August-2019.pdf

Liability for CO2 Storage Projects
(West Virginia HB 4491)
•

•

•

•

22-11B-4: Rulemaking relating to requirements for site characterization; injection well construction;
well operation requirements; comprehensive monitoring for well integrity, CO2 injection and
storage, and air and ground water quality; financial responsibility; and reporting and recordkeeping
requirements to evaluate environmental protection.
22-11B-8: Injected carbon dioxide will not be considered a pollutant and the operation and
existence of a carbon dioxide sequestration facility shall not be considered a public nuisance.
22-11B-11: the storage operator is the owner of the injected carbon dioxide and shall maintain
ownership and control until the operator receives its Certificate of Underground Carbon Dioxide
Storage Project Completion. The operator is liable for any damage caused by the carbon dioxide,
including damage caused by escaped carbon dioxide, while it remains the owner.
22-11B-12:As to the potential transfer of liability, this legislation permits the operator after at least
10 years have passed since the end of injections to apply for a Certificate of Underground Carbon
Dioxide Project Completion with liability associated with the stored carbon transferring to the state.
Ownership of the carbon dioxide transfers to the pore space owners (indemnity from the state).

Sources: https://www.wvlegislature.gov/Bill_Text_HTML/2022_SESSIONS/RS/bills/HB4491%20SUB%20ENR.pdf
https://carboncapturecoalition.org/great-plains-institute-provides-timely-update-on-epas-class-vi-well-program-state-primacy-efforts/

Pore Space Ownership
•
•
•

•
•

Pore Space - Cavity or void in a subsurface formation.
Montana (82-11-180(3)), North Dakota (47-31-03), Wyoming (34-1-152), Nebraska (4731-03) establish that the surface owner is the owner of the pore space.
West Virginia HB 4491 (22-11B-18) states that pore space is vested with the surface
estate. Further, pore space cannot be severed from the surface estate. (“An instrument
or arrangement that seeks to sever title to pore space from title to the surface is void
and unenforceable as to the severance of the pore space from the surface interest.”).
This prohibition does not affect transactions before the effective date of the legislation.
Pennsylvania – Legislation expected in the near future.
Oklahoma – “the surface owner has the power to convey gas storage rights.” Ellis v.
Arkansas Louisiana Gas Co., 450 F. Supp. 412, 421 (E.D. Okla. 1978), aff'd, 609 F.2d 436
(10th Cir. 1979).

Pore Space Ownership
•

•

•

•

•

Louisiana – “Surface ownership, however, includes the right to the use of the reservoir
underlying the two acres for storage purposes.” S. Nat. Gas Co. v. Sutton, 406 So. 2d 669,
671 (La. Ct. App. 1981), writ denied, 412 So. 2d 86 (La. 1982).
Michigan – “the storage space, once it has been evacuated of the minerals and gas,
belongs to the surface owner.” Dep't of Transp. v. Goike, 220 Mich. App. 614, 616, 560
N.W.2d 365, 365 (1996).
New York – “While a grant of production rights will include the right to conduct all
operations necessary to extract those minerals, such a grant alone cannot be construed to
include the right to store gas piped in from foreign fields . . . .” Miles v. Home Gas Co., 35
A.D.2d 1042, 1043, 316 N.Y.S.2d 908, 910 (1970)
New Mexico – “The fee in the soil, except the oil and gas, remains in the lessor
unincumbered [sic] with those rights of the lessee. The lessee is not the owner of the
solids of the earth.” Jones-Noland Drilling Co. v. Bixby, 282 P. 382, 383 (N.M. 1929).
The clear majority of decisions and recent legislative enactments indicate a trend towards
vesting pore space ownership with the surface owner.

Pore Space Ownership
–Hammonds v. Cent. Kentucky Nat. Gas Co., 255 Ky. 685, 75 S.W.2d 204, 206 (1934), overruled by Texas Am. Energy
Corp. v. Citizens Fid. Bank & Tr. Co., 736 S.W.2d 25 (Ky. 1987) (“We are of opinion, therefore, that if in fact the gas
turned loose in the earth wandered into the plaintiff's land, the defendant is not liable to her for the value of the use
of her property, for the company ceased to be the exclusive owner of the whole of the gas-it again became mineral
ferae naturae.”).
–Cent. Ky. Nat. Gas Co. v. Smallwood, 252 S.W.2d 866, 868 (Ky. 1952), overruled by Texas Am. Energy Corp. v. Citizens
Fid. Bank & Tr. Co., 736 S.W.2d 25 (Ky. 1987) (“We conclude that the mineral rather than the surface owner is entitled
to the rental or royalty accruing under a gas storage lease.”)
–Texas Am. Energy Corp. v. Citizens Fid. Bank & Tr. Co., 736 S.W.2d 25, 28 (Ky. 1987)(“in those instances when
previously extracted oil or gas is subsequently stored in underground reservoirs capable of being defined with
certainty and the integrity of said reservoirs is capable of being maintained, title to such oil or gas is not lost and said
minerals do not become subject to the rights of the owners of the surface above the storage fields.”).
–Mapco, Inc. v. Carter, 808 S.W.2d 262, 274 (Tex. App.), writ granted (Oct. 23, 1991), rev'd in part, 817 S.W.2d 686
(Tex. 1991) (“The Texas rule is that this interest in minerals is an interest in real property. Thus, the fee mineral
owners retain a property ownership, right and interest after the underground storage facility—here, a cavern—had
been created.”).

Methods of Obtaining the use of Pore
Space for Storage
1.

Deed/Conveyance
–
No limit on duration; insurance against abandonment claim
–
Property tax liability and potential for costly negotiation
2. Lease
–
Familiar to landowners and avoid property tax liability
–
Limited by duration
3. Subsurface Easement
–
Avoids property tax liability and can be drafted without a
timeline
–
Non-possessory estate and less common/new concept

Correlative Rights
• Owner of a severed mineral interest is generally
given a reasonable use of the surface estate.
– Squires v. Lafferty Et Al, 95 W. Va. 307 (1924).
– Belden & Blake Corp. v. Com. Dept. of Conservation
and Natural Resources, 600 Pa. 559 (2009).
– Quarto Mining Co. v. Litman, 42 Ohio St. 2d 73
(1975).

Specifics for CO2 Storage Leasing
• House Bill 4491 passed in West Virginia in 2022
• Similar bill expected to be proposed by Senator
Yaw in Pennsylvania

H2 Production Related to Oil and Gas
Leases
• Royalty Clause – Deduction of Post-Production Costs
– The Historical Rule (PA – Kilmer v. Elexco Land Serv., Inc., 990 A.2d 1147
(Pa. 2010).)
– The First Market Product Doctrine
• Hydrogen Storage Clause
– Pomposini v. T.W. Phillips Gas and Oil Co., 397 Pa. Super. 564 (Pa. Super.
Ct. 1990).
– Northern Natural Gas Co. v. Grounds, 441 F.2d 704 (10th Cir. 1971)

H2 Production Related to
Renewable Energy Leases
• Separate agreement for H2 production process
on site.
– Potential to limit the issues of intermittency or lack
of market related to either wind or solar projects.

Topics for a Responsible Energy Transition
Chris Celano
President & CEO
IHI E&C International Corporation
May 26, 2022

Themes: Responsible Energy Transition

To facilitate a responsible energy transition, we must embrace multiple solutions

❑

Cross Discipline experience is needed for energy transition

❑

Ammonia is a key component to the hydrogen platform transition

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

❑

Density

Volumetric Energy Density - how much energy a system contains in comparison to its volume;
typically expressed in Megajoules per liter (MJ/L).

Power Density describes the rate at which its energy can be put out.

At idle, an automobile requires 3000 watts to maintain engine speed and
overcome internal friction. This is the equivalent of fifteen bicyclists
pedaling at a rate of 150 watts. It takes the equivalent of 3000 square
feet, or the footprint of a house, to keep a typical car idling.

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

Gravimetric Energy Density - how much energy a system contains in comparison to its mass;
typically expressed in Megajoules per kilogram (MJ/kg).

Energy Density Comparisons

Source: U.S. Energy Information Administration, based on the National
Defense University.
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“By 2050, global energy use increases nearly 50%, driven by non-OECD economic growth and
population” IEO2021 October 6th

• Ambition alone is insufficient and if not done responsibly we risk
disincentivizing the transition due to high end-user energy cost.
• Through the building of cost-effective and energy efficient hydrogen &
ammonia value chains, and accelerated development of technology
relating to carbon recycling, we can achieve the shared goals of an
energy transition.
• The equitable distribution of technology for local production and local
consumption of clean energy is of paramount importance.

World energy consumption
quadrillion British thermal units

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

• The “need” for a transition that decarbonizes the energy system is
widely understood and agreed upon; however, the “how” we transition is
less clear.

Cross Discipline Perspective

Last Mile

Risk
Management

Economic

• Long-term Price Discovery
• Price Risk Management
• Re-Investment Cost

• Cost of Transition
• Technology Innovation

ESG

Labor

• Life-cycle emissions
• Mineral Extraction
• Land-use planning
• Waste Management

Incentives;
Knock-on Effect

• Varying political regimes
• End-User response
• Impact to Consumer

•
•
•
•

Availability of Talent
Time to Market
Industry Perception
Work Life Balance

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

• Easily Distributable
• Globally Equitable

HSE
• Consequences
• Risk / Danger
• Long-term Safety Cost

Hydrogen
Incentives; Knock-on Effects

HSE
• Broad flammability, invisible flame

• Possible inflation risk for nat gas if via SMR.

• Negative Joules-Thomson Co-efficient

• DOE support

• Transport smaller amounts under pressure
• Larger amounts by pipeline or liquified

Last Mile

ESG

HSE

• No GHG emissions when combusted

• Stainless steel or other pipelines
needed
• Liquefied at atmospheric at 1/800th

Risk
Management

Economic

• ROI unclear due to lack of
production/distribution infrastructure

• Temperature at negative 253oC
(100oC lower than LNG)
• 1/3 energy content needed for
liquefaction
• Thermal insulation performance must
be 10X higher than for LNG

Labor
• Talent now available (NASA and Syngas)
• Strong industry perception

Risk Management

ESG

Labor

Incentives
Knock-on
Effect

• Very limited forward market outlook for price
expectations
• Transition to a trading market has
preconditions

Last Mile
• Transportation in bulk is comparatively
expensive
• Limited shipping and receiving facilities
worldwide

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

• 45Q available for CCS (natural storage sites
like dry-beds, wells and mines).

Economic

Ammonia
HSE

Incentives; Knock-on Effect
• Possible inflation risk for nat gas if via SMR.

• Already trained personnel and procedures
• Non-cryo boiling temperature

Last Mile

• DOE support

HSE

• 45Q available for CCS (natural storage sites
like dry-beds, wells and mines).

• Higher explosion limit than other fuels
• But toxic and corrosive as a gas

Risk
Management

Economic

• No GHG emissions

Economic
• Use in internal combustion engines and
fuel cells
• Existing infrastructure can be easily modified
to burn ammonia in coal-fired plants
• Long-term storage is feasible
• Bunker fuel with small modifications to
equipment but need gas absorption systems
• Liquid state at -33oC (-27oF) at 1 bar
• Boiling point at 25oC (77oF) at 10 bar (145 psi)
• Volume energy density = 150% that of liquid H2

Labor

ESG

ESG

Labor

Incentives
Knock-on
Effect

Risk Management
• Existing fertilizer futures markets, including
NH3 and anhydrous ammonia, but as energy
carrier needs development
• Global ammonia market is 180 million tons;
10% of which is traded
• Production capacity now 230 million tons (80%
utilization)
• LNG and cheaper gas prices have made
ammonia producers competitive; cost curve is
lower and flatter.

Last Mile

• Talent now available (existing work force)

• Can be transported by 3 different vessel types

• Strong industry perception

• Currently there are 192 ports worldwide
capable of handling ammonia.

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

• Less flammable than other fuels

Hydrogen Rainbow
Which color fits my criteria:

Process

Green

Hydrogen produced by electrolysis of water using electricity from renewable
sources such as hydropower, wind and solar

Grey

Hydrogen produced using fossil fuels such as natural gas. This accounts
for approximately 95% of the hydrogen produced in the world today

Brown

Hydrogen extracted from fossil fuels and created through coal gasification

Blue

Grey or brown hydrogen with its CO2 sequestered – carbon capture and storage
(CCS) or repurposed

Pink / Purple / Red

Hydrogen obtained by electrolysis through an atomic current using nuclear power

Yellow

Hydrogen made through electrolysis with solar power

Turquoise

Hydrogen produced from natural gas using the molten metal pyrolysis technology

White

Hydrogen produced as a byproduct of industrial process

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

Color

Hydrogen Tech
If Hydrogen produced by electrolysis of water:
(which electrolyzer tech to use:)
A) Alkaline Technology

• Requires an electrolyte solution – typically KOH
• Requires electrolyte separation system to recover entrained
KOH from hydrogen and oxygen streams
• Continuous Demineralized Water makeup to Electrolyte solution
• Membrane that facilitates separation of oxygen and hydrogen –
only allowing oxygen and hydroxide ions to pass through.
• DC power required to the anodes and cathodes of each
electrolyzer stack
• Power input versus Hydrogen generation
➢

5MW input to individual stack generates approximately 1,000
Nm3/h H2

➢

20 MW module generates approximately 4,000 Nm3/h H2 (Varies
by Supplier/Design) and membranes efficiency)

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

• Most mature electrolyzer technology with lowest CAPEX

Hydrogen Tech … cont’d …
If Hydrogen produced by electrolysis of water:
(which electrolyzer tech to use:)
B) PEM Technology

• Membrane (Polymer) that only allows positively charged
Hydrogen Protons to pass through
• Expensive Platinum – Catalyst for the Cathode and Iridium –
Rare Earth – for the Anode. Catalyst Is this catalyst or stack –
this is the anode cathode required to facilitate Hydrogen and
Oxygen separation from water – Higher CAPEX than Alkaline
Technology
• DC power required to the anodes and cathodes of each
electrolyzer stack
• Power input versus Hydrogen generation
➢

17.5 MW module (24 stacks) generates approximately 4,000
Nm3/h H2 – Higher power efficiency than Alkaline
Technology (capacities vary by supplier)

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

• No Electrolyte Solution Required – only Demineralized Water

Hydrogen Tech … cont’d …
If Hydrogen produced by electrolysis of water:
(which electrolyzer tech to use:)
C) Solid Oxide Electrolyzer Cell (SOEC) Technology

• Not expected to be commercial before 2024
• Operates at high temperatures (600C to 1000C)
• Separates Hydrogen and Oxygen from downstream process steam rather than
using Demineralized Water or Electrolyte Solution

• Due to higher operating temperature power input required is much reduced

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

• Technology still in research and development mode

Cost of Hydrogen & Ammonia
Cost Considerations

PRODUCTION

$ Cost / Kg
H2
(approx.)
3.0

Commercial Fleet
Passenger vehicles
Large scale grey H2 production

Physical Form

Compressed H2

Distance
(nautical
miles)
≤ 2,000

$ Cost /
Kg
(approx.)
1.60

2.0

Liquid Ammonia

≤ 2,000

2.50

< 2.0

Liquid Ammonia

> 2,000

< 1.50

Green H2 costs 2x – 3x higher than these viable points today.
Cheaper renewable power is needed for costs to fall in line.

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

Viable For

TRANSPORT

Cost of Power
CO2 Intensity and Avoidance Cost
CO2 intensity
including
grey power

CO2 intensity
including
green power

CO2 avoidance
cost

kg CO2 / kg H2

kg CO2 / kg H2

kg CO2 / kg H2

USD / t

SMR base case w/o capture

9.0

9.0

9.0

n.a.

SMR flue gas capture

0.5

0.7

0.5

60

Electrolyzer

0.0

16.0

0.5

>100

Option

Grey power:
300 g CO2 / kWh

Green power:
10 g CO2 /
kWh

CO2 load of Power import must be considered
Electrolyzer has similar CO2 intensity with green power
October 11, 2021 GSTC 2021, Linde
K. Wawrzinek/T. von Trotha

Power: 100 USD / MWh
NG: 4 USD / GJ

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

CO2 intensity
excluding power

Carbon Capture & Sequestration (CCS)
inject captured CO2 through wells into deep rock formations
Government Support
• 45Q Tax Credit ($50/metric ton of sequestration CO2)

• Permitting

• Infrastructure bill allocates $12 billion for CCS projects

• Injection site care and liability

Permitting
EPA regulates geologic sequestration through its Underground Injection Control Class
VI permit (stringent requirements to ensure safety of our underground drinking water)
Complicated and iterative permitting process due to the fact that it’s a new permitting
process with complicated data to get alignment over.

As of end of last year, EPA issued 6 class VI
permits (4 expired before any well
construction)

Average of 4+ years to receive a permit from the EPA on this.
2.

Injection Site Care and Liability
After injection, site operators remain liable the default period is 50 years.
(CA Low Carbon Fuel Standard CCS protocol stipulates 100 year monitoring for LCFS credits.)
Pathways to Facilitate Investment and Momentum

1.

Experience: The more iterations between the EPA and the project developers, the more institutionalized the technical knowledge
becomes and therefore more streamlining the permitting process.

2.

State Primacy: States can apply for primacy to take over this responsibility from the EPA. North Dakota and Wyoming have primacy for
Class VI permitting.

3.

Liability Transfer: Some states allow transfer of injection site CO2 liability to the state (Montana, North Dakota, Louisiana)
e.g. - Montana assumes liability after a 30 year monitoring period
- Texas set up Trust funds for monitoring and remediation after transfer of liability to state.

Copyright © 2022 IHI E&C International Corporation All Rights Reserved.

1.

Challenges

Labor Impacts
Exhibit 11

By 2050

+
–

Gain 200 million job
Loss 185 million job

s
s
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McKinsey Report: Net Zero Transitio
n

Observations

✓

X Natural Gas “or” Hydrogen X

Natural Gas → “to get to” → Hydrogen /
NH3

✓

(higher than Australia or Qatar)

• long, cold winter
• record low inventories
• decarbonization efforts

Additional 20 MMTPA expansion capacity being added.
Long Term

Gray

Power First

Green

Blue

Short Runs
Blue H2
Blue NH3

Decreasing cost of
green power

Green H2
Green NH3

H2

Long Runs

NH3
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US was #1 LNG exporter in 2021 → 88 MMTPA
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These materials are public information and have been prepared
solely for educational purposes. These materials reflect only the
personal views of the author and are not individualized legal advice.
It is understood that each case and/or matter is fact-specific, and
that the appropriate solution in any case and/or matter will vary.
Therefore, these materials may or may not be relevant to any
particular situation. Thus, the presenter and Steptoe & Johnson
PLLC cannot be bound either philosophically or as representatives
of their various present and future clients to the comments
expressed in these materials. The presentation of these materials
does not establish any form of attorney-client relationship with the
authors or Steptoe & Johnson PLLC. While every attempt was made
to ensure that these materials are accurate, errors or omissions may
be contained therein, for which any liability is disclaimed.

Questions?

