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Executive Summary
The International Maritime Organization (IMO) is set to formally adopt its approved Net-Zero 
Framework in October 2025. The regulations establish annual greenhouse-gas intensity limits 
for large vessels and add a market-based measure that prices emissions above those limits. 
By providing a unified prescription that could replace the emerging patchwork of regional 
regulations, the IMO framework could unleash a torrent of investment in the $2.2 trillion 
global maritime industry. 

The United States is well positioned to capture the benefits. It already produces 30%–35% 
of global renewable natural gas (RNG)—methane captured from manure, food waste, and 
landfills that is upgraded to pipeline-quality gas. RNG is the feedstock for bio-liquid natural gas 
(bio-LNG), which can achieve very low—at times negative—lifecycle carbon intensity when 
methane abatement is counted. With ~3 million miles of natural-gas pipelines and existing 
liquefaction facilities, the US can move and store bio-LNG using infrastructure in place today.

However, meeting maritime needs still requires $120 billion–$220 billion in investment 
across US sectors involved in production and delivery infrastructure. The modeled payoff is 
substantial: $78 billion–$134 billion in added GDP each year through 2050 ($2 trillion–$3 
trillion cumulatively), as well as $105 billion–$185 billion in total new revenues for 
agriculture and 390,000–680,000 jobs across several sectors. Recent US LNG expansion—
from 0.6 Bcf/d in 2016 to 11.9 Bcf/d in 2024—shows how quickly the US can scale when market 
signals are stable.

The final shape of the IMO rule will also determine LNG’s role in the future shipping 
fuel mix. With appropriate credit for methane abatement, bio-LNG can complement LNG 
and improve fleet carbon intensity. Without it, LNG’s lifecycle emissions face tightening 
thresholds and rising compliance costs under the market-based measure, weakening the 
investment case.

Two IMO implementation choices play an important role in shaping outcomes:

•	 Recognizing methane abatement in lifecycle scoring. Crediting avoided methane 
enables 10%–20% bio-LNG blends that lower a ship’s carbon intensity while keeping LNG 
viable.

•	 Enabling a secure, auditable book-and-claim system. A tracking system that prevents 
double counting—and interoperates with other registries—would connect inland RNG 
production to coastal bunkering without requiring physical co-movement of fuel.

The IMO Net-Zero Framework offers a chance to align regional regulations into a consistent 
global system that incorporates the US’s voice and opens the door for the country’s 
leadership in clean fuels, logistics, and maritime export capacity.
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Introduction
Market certainty catalyzes investment. When regulatory frameworks are unclear 
or inconsistent, capital sits on the sidelines. But when clear rules establish 
stable, long-term market conditions, industries respond decisively by mobilizing 
investment, accelerating innovation, and driving economic growth. The 
International Maritime Organization’s recently approved net-zero regulations 
provide this type of certainty for the $2.2 trillion global maritime shipping industry. 
This presents an opportunity for the United States to stimulate a cumulative $120 
billion–$220 billion in investment and $2 trillion–$3 trillion in GDP growth, while 
creating 390,000–680,000 jobs by 2050.

 
The IMO’s Net-Zero Framework—accepted 
in April 2025 and up for formal adoption in 
October 2025—would create the clearest 
global standard yet for shipping fuel 
emissions. It combines a greenhouse-
gas intensity target with a market-based 
pricing mechanismi and could replace 
the emerging patchwork of regional 
regulationsii iii with a single playbook that 
unlocks maritime investment.  

Much of that investment would flow toward 
building out the clean fuel supply chain. 
Advanced fuels, both bio- and hydrogen-
based, meet less than 1% of the maritime 
fuel demand today.iv To align with IMO 
targets, that share would need to grow to 
about 50%, or 6 exajoules (EJ) by 2050.v  

One nation particularly well-positioned to 
capitalize on this massive transformation is 
the United States. The US already produces 
30%–35% of global renewable natural gas 
(RNG),vi which is methane captured from 
manure, food waste, and landfills that is 
turned into pipeline-quality gas. RNG is the 
core component of bio-liquid natural gas 
(bio-LNG)—a ship fuel that can achieve a 
negative carbon-intensity (CI) score when 
methane abatement is counted. The US’s 
3 million miles of natural gas pipelinesvii 
and robust liquefaction systems provide 
infrastructure that bio-LNG can use 
immediately—an advantage few countries 
can match. 

The IMO’s Net-Zero Framework at a glance

The draft IMO Net-Zero Framework outlines 
two major components of a new global 
regulatory regime:

1.	 A greenhouse gas fuel-intensity standard 
that sets annual carbon intensity limits for 
ships above 5,000 gross tonnes.

2.	 A market-based measure requiring 
purchase of “remedial units” for emissions 
above the allowable limit, effectively 
creating a carbon pricing mechanism.

Both pillars rely on a well-to-wake lifecycle 
accounting approach, which assesses total 
emissions from fuel production to onboard 
combustion.¹ This approach reflects the real 
environmental impact of fuels and aligns 
with national policies emerging in the EU and 
Southeast Asia.

While the overall structure has been agreed 
upon, details remain unresolved—including 
the treatment of low-carbon fuels, the value 
of methane abatement, and the mechanisms 
for certifying emissions reductions. These 
elements will determine whether innovative, 
US-made solutions like bio-LNG are fully 
credited under the system. 

¹ International Maritime Organization. “IMO Approves Net-Zero 
Regulations for Global Shipping.” Press briefing, April 11, 2025.  
https://www.imo.org/en/mediacentre/pressbriefings/pages/
imo-approves-netzero-regulations.aspx.
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Still, while the US has a solid starting foundation, meeting maritime fuel targets would require 
$120 billion–$220 billion of investment in production capacity and delivery infrastructure for US 
bio-LNG and other advanced fuels.viii The payoff is substantial. By driving new activity across 
agriculture, manufacturing, energy, and port systems, the US could boost its GDP by $78 
billion–$134 billion annually, for a cumulative total of $2 trillion–$3 trillion by 2050.ix This would 
create 390,000–680,000 jobs, particularly in rural and industrial communities.x   

The outcome of the IMO’s regulatory process will determine whether this opportunity 
materializes—as well as the future of LNG in the shipping fuel mix. Depending on the design of 
the final rules, the framework could accelerate US LNG investments by enabling credit for bio-
LNG as a carbon-intensity-reducing offset. This would position bio-LNG not as a competitor to 
traditional LNG, but as a complement that extends the life of LNG infrastructure while meeting 
climate goals. Without this recognition, however, many forecasts suggest LNG may fall out of 
the long-term maritime fuel mix altogether because its higher CI makes meeting tightening 
standards difficult.xi  

Why US LNG and bio-LNG could see an 
expanded role in the global fuel mix 
While the future fuel mix for maritime shipping remains uncertain, experts broadly agree that 
total shipping fuel demand will amount to 12–13 EJ annually through 2050.xii  Decarbonizing 
maritime shipping would require scaling advanced cleaner fuels to meet 50% (6 EJ) of that 
volume, up from less than 1% today.xiii  Biofuels such as bio-LNG, bio-oils, and biomethanol, 
could account for more than half of that total (Exhibit 1).xiv In such a case, bio-LNG alone could 
see demand of up to 100 million tonnes per annum (MTPA), or 1.6 EJ, by 2050. That is equivalent 
to 4–5X of total global production of RNG, bio-LNG’s feedstock, today.xv  

Bio-LNG offers several clear advantages to fleet owners relative to other bio- and hydrogen-
based fuels, especially over the next decade (Exhibit 2). Bio-LNG is the most technologically 
mature, with energy density and performance similar to LNG.xvi When using the right 
agricultural feedstock, bio-LNG has a negative CI score, meaning it removes more greenhouse 
gas emissions from the atmosphere than it emits.xvii Accounting for existing EU Emissions 
Trading System and FuelEUR Maritime regulations and upcoming IMO penalties for emissions, 
bio-LNG could be 2%–10% more cost competitive than conventional fuels (e.g., low-sulfur 
fuel oil [LSFO], high-sulfur fuel oil [HSFO], or marine diesel oil [MDO]) and 30% more cost 
competitive than other alternative fuel options (e.g., biodiesel, ammonia, biomethanol).xviii 
Finally, bio-LNG’s drop-in compatibility with existing LNG infrastructure allows fleet owners to 
forgo major vessel retrofits, enabling faster and less capital-intensive adoption. 

Just as importantly for the US, bio-LNG can complement—rather than replace—conventional 
LNG. Today, approximately 4%–6% of the world’s shipping fleet runs on LNG,xix with about 
25% of this fuel volume supplied by the US.xx Should the IMO’s final rules credit bio-LNG with a 
negative CI-score for methane abatement, blending even 20%–30% bio-LNG with conventional 
LNG will enable LNG use to continue while enhancing its environmental profile.xxi Without credit 
for methane abatement, however, the entire LNG ecosystem could face regulatory headwinds 
because the fuel’s upstream emissions profile would fall short of future CI thresholds.
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Maritime shipping fuel mix

1Low sulfur fuel oil, high sulfur fuel oil, marine gas oil, marine diesel oil. 2Carbon intensity (CI) score (gCO2e/MJ). 3Uses emission generation
concentration (~85% of emissions driven by ships ≥5,000 GT, ~47% of global fleet) to estimate the percent of ships in the global fleet that would 
need to use LNG. Uses potential fuel weighting to estimate range of fleet conversion need.
Sources: Mærsk Mc-Kinney Møller Center for Zero Carbon Shipping, Lloyd’s Register, SEA LNG

2025 2030 2040 2050

13.2 EJ

92.5%

81.9%

34.5%

36.9%

9.6%

13.6%

4.0%

50.0%

13.0%

18.7%

12.8%

2.3%

6.1%7.0%

8.8%

0.5%
13.1 EJ 12.5 EJ 12.3 EJ

LNG +

~60%

Ammonia

Biomethanol

Bio-diesel

Bio-LNG (RNG)

LNG

Conventional fuels 
(LSFO, HSFO,
MGO, MDO)1

0.9%

1.4%

1.6%

3.9%

RNG CI2 score
gets full credit
for methane
abatement

LNG/bio-LNG
blends common;
other fuels scale 

Vessels ≥5,000 gross tons (5–15%
of global fleet)3 utilize LNG as a fuel;
infrastructure and mechanisms built
(e.g., book and claim)

EXHIBIT 1:  BIO-LNG AND LNG COULD COMPRISE 60% OF THE 
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Exhibit 1

Bio-LNG and LNG could comprise 60% of the global maritime shipping fuel 
mix—if bio-LNG receives credit for methane abatement. 
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Seizing the opportunity requires strategic 
US investment
Stimulating the fuel growth needed to meet current IMO targets would require a significant 
expansion of current US production and delivery infrastructure, particularly to strengthen the 

“last mile,” which includes bunkering, terminals, and barging capacity. The buildout, however, 
would benefit both LNG and bio-LNG producers as well as several sectors of the US economy 
(Exhibit 3). 

1TRL score (1–9) using Lloyd’s Register Zero Carbon Fuel Monitor, averaging  key ship components (e.g., fuel handling/storage). 2All scores
normalized against HSFO. Includes both operating and capital costs. 3Scores normalized, with most favorable = abundant global feedstock, while
unfavorable = scarce feedstock. 4Based on bunkering and production. 5Based on existence of long-standing standards and risk assessment. 
6Based on carbon intensity (CI) score ranges in multiple frameworks (Proposed IMO MEPC guidelines, FuelEU Maritime Regulation, and Argonne 
National Laboratory GREET Model. 7Fatty acid methyl ester/hydrotreated vegetable oil. 8High-sulfur fuel oil/very low sulfur fuel oil.
Sources: Lloyd’s Register Zero Carbon Fuel Monitor, International Maritime Organization FuelEU Maritime Regulation + EU Renewable Energy 
Directive (RED), Argonne National Laboratory (US DOE O�ice of Energy E�iciency & Renewable Energy)
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EXHIBIT 2:  BIO-LNG OFFERS ADVANTAGES TO FLEET 
OWNERS RELATIVE TO OTHER FUELS.Exhibit 2

Bio-LNG offers advantages to fleet owners relative to other fuels. 

• Advanced fuel production facilities, storage tanks, and pipelines—representing $95 
billion–$175 billion in investment for new projects—would mobilize construction crews, 
engineers, and heavy equipment operators across the country.xxxiii

• Ports and maritime would receive $24 billion–$45 billion in investment to expand bunkering, 
terminal, and barging capacity, positioning the US as a critical fueling hub for global 
shipping.xxxiv

• The agricultural sector would see $105 billion–$185 billion in revenue from demand for 
feedstock and land, creating income for farmers and rural communities.xxxv
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These investments would create 390,000–680,000 jobsxxii by 2050  across the sectors 
supporting the buildout, including 230,000–405,000 in manufacturing for developing fuel 
production facilities and 35,000–60,000 in maritime.xxiii  

1Organic resources for anaerobic digestion.
Sources: See Technical Appendix and end note vii
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• LNG export terminals (liquefaction trains,
storage)
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built domestically due to Jones Act
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• Driven by ranged assumptions in volume
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generation)

• Electrolyzers to manufacture e-hydrogen
feedstock for ammonia production

Required investment could increase utilization of existing agriculture and rail
infrastructure, potentially providing a cumulative economic impact of $105B–$185B

and $30B–$55B in the agriculture and railroad industries, respectively.

EXHIBIT 3:  MEETING THE FUEL DEMAND DRIVEN BY IMO’S 
NET-ZERO TARGET COULD REQUIRE $120 BILLION–
$220 BILLION IN INVESTMENT ACROSS US INDUSTRIES.

Exhibit 3

Meeting the fuel demand driven by IMO’s net-zero target could require $120 
billion–�$220 billion in investment across US industries. 
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Altogether, the pickup in activity across the US economy could generate $78 billion–$134 billion 
in annual US GDP growth, amounting to $2 trillion–$3 trillion cumulatively by 2050 (Exhibit 4).xxiv 
Servicing European demand alone could generate $6 billion–$12 billion in additional export 
revenue and help meet Europe’s commitment to purchase approximately $750 billion of US 
energy.xxv EU investment commitments for the US maritime shipping sector have already begun. 
In March 2025, France-based CMA CGM—the world’s third-largest container shipping line—
announced $20 billion to help fund the build out of US maritime infrastructure.xxvi An early example 
of the funds being put to work: CMA GGM’s minority investment into Vanguard Renewables to 
ensure access to US-produced bio-LNG.xxvii 

1Calculated as average annualized GDP impact divided by 2024 GDP in each sector.
Sources: See Technical Appendix and end note ix
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EXHIBIT 4:  MEETING THE DEMAND FOR BIOFUELS COULD 
BOOST US GDP BY A CUMULATIVE $2 TRILLION–$3 TRILLION 
AND CREATE 390,000–680,000 JOBS BY 2050.
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Exhibit 4

Meeting the demand for biofuels could boost US GDP by a cumulative  
$2 trillion–$3 trillion and create 390,000–680,000 jobs by 2050. 
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The US effort would also position the country as one of the largest advanced fuel producers 
globally and a leading maritime fuel exporter—while benefiting the global maritime industry. 
US investments would enable the country to provide an additional 20–26 MTPA (1.2–1.7 EJ) of 
advanced fuels annually through 2050 to help close the projected global supply gap.xxviii   

The US is ready to lead on bio-LNG
The US is well positioned to capture this opportunity, thanks to its leading nationwide grid and 
liquefaction facilities and a large-scale agricultural base capable of supplying ample feedstock for 
bio-LNG (Exhibit 5). 

The country’s production of RNG—the core component of bio-LNG—is currently 2–3 MTPA 
or 0.1–0.2 of EJ potential, amounting to 30%–35% of global production.xxix The US also has an 
extensive LNG distribution network that bio-LNG can leverage. US gas distribution and storage 
infrastructure—about 3 million miles of gas pipelinesxxx and an extensive network of compressor 
stations and liquefaction systems—provide an advantage others cannot easily replicate. 

In fact, the US’s transformation in LNG offers a clear precedent that the scale of this industrial 
mobilization and the benefits it could yield are well within reach: In under a decade, the country 
grew from a marginal LNG exporter at 0.6 billion cubic feet per day (Bcf/d) in 2016xxxi to the world’s 
top supplier at 11.9 Bcfd in 2024.xxxii By applying a similar playbook to bio-LNG, the US could secure 
new markets, extend its influence in global shipping, reduce foreign dependence, and solidify its 
energy leadership for decades to come. 

Extensive gas grid Largest producer globally Feedstock availability 
Over 3 million pipeline miles Upgraded renewable natural gas,

global share %
Enough for ~25–30× current
RNG production levels1

Rest
of world

~67%

US

~33%

1National total available for anerobic digestion process.
Sources: ICF Renewable Natural Gas Supply Assessment (2025), America Gas Foundation, Biomethane Industrial Partnership (BIP) Europe, S&P
Global Pla�s, CEDIGAZ, IEA , US EIA, Poten & Partners, American Gas Foundation

EXHIBIT 5:  THE US HAS FAVORABLE CONDITIONS TO 
BECOME A WORLD LEADER IN BIO-LNG PRODUCTION.

Exhibit 5

The US has favorable conditions to become a world leader in bio-LNG 
production. 
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The opportunity hinges on final  
IMO rules
The IMO’s Net-Zero Framework could set the rules of the maritime shipping fuel game for 
decades to come. Small differences in definitions, scoring methods, and market mechanisms will 
determine which producers provide the fuel supply and capture the benefits. The following two 
areas are of particular importance for the US:

Crediting the methane abatement value of bio-LNG. US RNG producers are well positioned to 
deliver fuel with negative or near-zero lifecycle emissions when measured well-to-wake, in part 
due to large-scale methane abatement from dairy farm methane-emitting manure and food waste 
facilities. If this value is not fully recognized, US producers lose one of their most significant 
competitive differentiators: low-CI-score fuel that is able to decarbonize a tank of LNG. A well-to-
wake accounting boundary, acceptance of project-specific CI values, and recognition of lifecycle 
assessment methods such as GREET (greenhouse gases, regulated emissions and energy use in 
technologies)—all verified to international standards—would increase the uptake of bio-LNG. If 
the negative CI value of bio-LNG is not recognized, US LNG would likely see a diminished role as a 
maritime fuel provider.  

Establishing a secure, auditable book-and-claim system. Most advanced biofuel production 
facilities, including for RNG, are located inland near agriculture or waste sources, while bunkering 
occurs far away at coastal ports. Without book-and-claim, the need to physically move every 
molecule to a maritime user would decrease uptake of bio-LNG. An effective book-and-claim 
system allows certified fuel attributes to be transferred independently of the physical location 
of the molecule, while ensuring traceability and integrity of decarbonization. This would prevent 
double-counting and would enable coordination with other registries. 

The IMO Net-Zero Framework offers a chance to align a patchwork of regional 
regulations into a consistent global system that incorporates the US’s voice and opens 
the door for the country’s leadership in clean fuels, logistics, and maritime export 
capacity. By fulfilling domestic and global demand for multiple fuel types, the US can 
boost its GDP, create hundreds of thousands of jobs, and build the infrastructure that 
powers the next era of maritime commerce.

12 How the IMO’s Net-Zero Framework Can Power American Industry



Endnotes
i	 International Maritime Organization. Circular Letter No. 5005: Draft Revised MARPOL Annex VI. April 11, 2025. https://www.cdn.imo.org/

localresources/en/MediaCentre/HotTopics/Documents/Circular%20Letter%20No.5005%20-%20Draft%20Revised%20Marpol%20
Annex%20Vi%20%28Secretariat%29.pdf.

ii	 DNV, “FuelEU Maritime,” accessed August 22, 2025. https://www.dnv.com/maritime/insights/topics/fueleu-maritime.

iii	 Maritime and Port Authority of Singapore. Maritime Singapore Decarbonisation Blueprint: Working Towards 2050. Singapore: Maritime and 
Port Authority of Singapore, March 2022. https://www.maritimestudies.nus.edu.sg/wp-content/uploads/2022/04/Maritime-Singapore-
Decarbonisation-blueprint.pdf.

iv	 Mærsk Mc-Kinney Møller Center for Zero Carbon Shipping. Fuel Option Scenarios: Position Paper. Copenhagen: Mærsk Mc-Kinney Møller 
Center for Zero Carbon Shipping, October 2021.

v	 Based on global maritime fuel mix scenarios from: Mærsk Mc-Kinney Møller Center for Zero Carbon Shipping, Fuel Option Scenarios; 
Raucci, Carlo, Charlie McKinlay, and Ahila Karan. The Future of Maritime Fuels: What You Need to Know. London: Lloyd’s Register Maritime 
Decarbonisation Hub, September 2023.

vi	 International Energy Agency. Outlook for Biogas and Biomethane: A Global Geospatial Assessment. Paris: IEA, May 2025. https://iea.blob.core.
windows.net/assets/5b757571-c8d0-464f-baad-bc30ec5ff46e/OutlookforBiogasandBiomethane.pdf; CEDIGAZ. Global Biomethane Market – 
2025 Assessment. April 2025. https://www.cedigaz.org/global-biomethane-market-2025-assessment.

vii	 U.S. Energy Information Administration. “Natural Gas Pipelines.” Energy Explained. Last updated March 19, 2024. https://www.eia.gov/
energyexplained/natural-gas/natural-gas-pipelines.php.

viii	 Calculations based on the following sources. —Ammonia: “CB&I Wins Ammonia Storage EPC Contract from Saipem,” The Energy Year, 
2024; Douglas R. MacFarlane, Pavel V. Cherepanov, Jaecheol Choi, Bryan H. R. Suryanto, Rebecca Y. Hodgetts, Jacinta M. Bakker, Federico 
M. Ferrero Vallana, and Alexandr N. Simonov, “A Roadmap to the Ammonia Economy,” Joule 4 (June 2020): 1186–1205. —Biodiesel: Teresa L. 
Alleman, Robert L. McCormick, Earl D. Christensen, Gina Fioroni, Kristi Moriarty, and Janet Yanowitz, Biodiesel Handling and Use Guide (5th 
ed., NREL/BK-5400-66521; DOE/GO-102016-4875), National Renewable Energy Laboratory, November 2016; Van Gerpen, Jon H.,  “Biodiesel 
Economics,” Oilseeds and Biodiesel Workshop presentation, University of Idaho, January 9, 2008; Michael J. Haas, Andrew J. McAloon, Winnie 
C. Yee, and Thomas A. Foglia, “A Process Model to Estimate Biodiesel Production Costs,” “Bioresource Technology” 97, no. 4 (2006): 671–678; 
Air Liquide, Biodiesel, Engineering & Construction brochure, July 2022; OpenTug, “The Cost of Building a Barge,” OpenTug Blog, n.d.; Bunker 
Index, “Study Examines Methanol and Ethanol as Alternative Bunker Fuels,” June 8, 2016; Joanne Ellis and Kim Tanneberger, Study on the Use 
of Ethyl and Methyl Alcohol as Alternative Fuels in Shipping, Final Report V20151204.5, European Maritime Safety Agency, December 4, 2015. 

—Biomethane: Guidehouse, Economic Analysis of Renewable Natural Gas: Final Report (prepared for the RNG Coalition), December 2022; 
Bay, Erik, “‘It’s Frustrating’: Edmonton Councillors Say Organics Processing Plan Needs More Details,” Global News (Edmonton), September 
3, 2024; City of Edmonton, “High Solids Anaerobic Digestion Facility,” Alberta Major Projects (project completed; schedule 2018–2021); 
Anaergia, “Anaergia Announces Successful Bond Financing for North America’s Largest Organic Waste-to-Energy Facility, Its Rialto Bioenergy 
Facility in California,” media release, February 15, 2019; U.S. Environmental Protection Agency, “Switch to Renewable Natural Gas,” Landfill 
Methane Outreach Program (LMOP), updated March 5, 2025; California Water Environment Association, “North America’s Largest Organic 
Waste-to-Energy Facility in Rialto Received Bond Funding,” News & Innovation, September 2020; Holcomb, Mary, “Anaergia Secures 10-Year 
Contract to Operate California’s Largest Organic Waste-to-RNG Facility,” Pipeline & Gas Journal, November 18, 2024. —Biomethanol: 
OpenTug, “The Cost of Building a Barge,” OpenTug Blog, n.d.; Bunker Index, “Study Examines Methanol and Ethanol as Alternative Bunker 
Fuels,” June 8, 2016; Joanne Ellis and Kim Tanneberger, Study on the Use of Ethyl and Methyl Alcohol as Alternative Fuels in Shipping, Final 
Report V20151204.5, European Maritime Safety Agency, December 4, 2015; International Renewable Energy Agency and Methanol Institute, 
Innovation Outlook: Renewable Methanol (Abu Dhabi: IRENA, 2021); Landälv, Ingvar, Biomass Gasification, a Key Technology to Accomplish 
a Sustainable Energy System, presentation, GTI Energy, April 20, 2022. —LNG and bio-LNG: RIM Intelligence Co., “Bunker Sales Volume 
Estimation in 2024, Declining on Recession Worries,” Market News (AEL), December 22, 2023; DNV, “Port Canaveral Is the First US Seaport to 
Provide LNG Bunkering for Cruise Vessels,” Maritime Impact, April 5, 2023; Haun, Eric, “Seaside LNG Performs US Gulf Coast’s First Ship-to-
Ship LNG Bunkering,” MarineLink, January 24, 2024; MarineLog, “LNG-Fueled ‘Mardi Gras’ Refuels for the First Time at Port Canaveral,” June 
2023; SEA-LNG, A View from the Bridge: LNG Pathway—The Practical and Realistic Route to Decarbonisation, 2024–2025 (2025); Hithersay, 
Alex, “Eagle LNG Fuels Crowley ConRo Ship from Talleyrand Terminal,” Tanks & Terminals, January 10, 2019; LNG Prime Staff, “Seaside’s 
LNG Bunkering Barge Wraps Up 200th Operation,” LNG Prime, April 10, 2025; Crowley Expansion, L.P., “Crowley Accepts Delivery of Largest 
U.S.-Flagged Bunker Barge,” press release, July 31, 2024; LNG Prime Staff, “Puget LNG and GAC Working on Tacoma Bunkering Barge,” LNG 
Prime (Americas), May 2021; Saul, Jonathan, “First LNG Ship Bunkering Hub in US Gulf Coast Secures Permits to Start Work,” Reuters, May 
19, 2025; Eagle LNG Partners, LLC, “Eagle LNG’s Talleyrand LNG Bunker Station at JAXPort Delivering Weekly Bunkering,” news release, 
January 9, 2019; Cheniere Energy Partners, L.P., “Commitments and Contingencies Disclosure (Form 8-K, Item 8-32, R23),” EDGAR filing, June 
15, 2018; Global Energy Monitor, LNG Update 2022 Cost Methodology; Global Energy Monitor, “Sabine Pass LNG Terminal,” LNG Industry, 

“Freeport LNG Closes Third Train Financing,” April 28, 2015; Freeport LNG Expansion, L.P., “Freeport LNG Closes Financing and Commences 
Construction of Third Natural Gas Liquefaction Train,” PR Newswire, April 28, 2015; Sempra Energy, “Final Investment Decision Reached 
for Cameron LNG Liquefaction-Export Project,” PR Newswire, August 6, 2014; The Maritime Executive, “Cameron LNG Project Gets Final 
Investment Approval,” August 7, 2014.

ix	 Calculations based on the estimated investment in US infrastructure and: U.S. Bureau of Economic Analysis. “Input–Output Accounts Data.” 
Industry Economic Accounts. Accessed August 22, 2025. https://www.bea.gov/data/industries/input-output-accounts-data.

x	 Ibid.

xi	 SEA-LNG and Maritime Energy and Sustainable Development Centre of Excellence at Nanyang Technological University, Singapore. The 
Role of Bio-LNG in the Decarbonisation of Shipping: Report Key Findings. SEA-LNG, October 2022. https://sea-lng.org/wp-content/
uploads/2022/10/SEA-LNG_BioLNG-Study-Key-Findings-Document_October-2022_amended.pdf; Fenna Sleeswijk Visser and James 
Beddoe. Decarbonising Shipping: LNG’s Pathway to Net-Zero Greenhouse Gas Emissions. Shell Global Solutions International, in 
collaboration with Gastech, 2025.

13How the IMO’s Net-Zero Framework Can Power American Industry



xii	 Based on a range of scenarios from: Mærsk Mc-Kinney Møller Center for Zero Carbon Shipping, Fuel Option Scenarios: Position Paper, 
Copenhagen, October 202); Raucci, Carlo, Charlie McKinlay, and Ahila Karan, The Future of Maritime Fuels: What You Need to Know, London, 
Lloyd’s Register Maritime Decarbonisation Hub, September 2023.

xiii	 Ibid.

xiv	 Ibid.

xv	 Compares ~1.6 EJ of bio-LNG needed for shipping by 2050 to current production output sourced from: International Energy Agency, Outlook for 
Biogas and Biomethane: A Global Geospatial Assessment, Paris: IEA, May 2025, https://iea.blob.core.windows.net/assets/5b757571-c8d0-464f-
baad-bc30ec5ff46e/OutlookforBiogasandBiomethane.pdf; CEDIGAZ, Global Biomethane Market – 2025 Assessment.

xvi	 Averaging key shipping components based on: Raucci, McKinlay, and Karan, The Future of Maritime Fuels.

xvii	 SEA-LNG and Maritime Energy and Sustainable Development Centre of Excellence at Nanyang Technological University. The Role of Bio-LNG in 
the Decarbonization of Shipping: Report Key Findings. SEA-LNG.

xviii	 Doedee, Vincent. “Compliance Costs per mT of Fuel from 2025 until 2050.” Sustainable Ships, May 30, 2025. https://www.sustainable-ships.org/
stories/2025/compliance-cost-per-mt-fuel.

xix	 Xiaoli Mao, Zhihang Meng, Bryan Comer, and Tom Decker. Greenhouse Gas Emissions and Air Pollution from Global Shipping, 2016–2023. 
Washington, DC: International Council on Clean Transportation, April 3, 2025. https://theicct.org/wp-content/uploads/2025/04/ID-332-
%E2%80%93-Global-shipping_report_final.pdf.

xx	 Maguire, Gavin. “Key US Natural Gas Trends to Track as LNG Exports Hit New Highs.” Reuters, August 14, 2025. https://www.reuters.com/
markets/commodities/key-us-natural-gas-trends-track-lng-exports-hit-new-highs-2025-08-14.

xxi	 Uses carbon-intensity ranges (gCO₂e/MJ) for fuels derived from: International Maritime Organization, 2024 Guidelines on Life Cycle 
GHG Intensity of Marine Fuels (2024 LCA Guidelines), RESOLUTION MEPC.391(81) (adopted March 22, 2024).  https://wwwcdn.imo.org/
localresources/en/KnowledgeCentre/IndexofIMOResolutions/MEPCDocuments/MEPC.391%2881%29.pdf; European Union, Regulation (EU) 
2023/1805 on the use of renewable and low-carbon fuels in maritime transport (FuelEU Maritime), Official Journal of the European Union L 234, 
September 22, 2023: 48. https://eur-lex.europa.eu/eli/reg/2023/1805/oj/eng; European Union, Directive (EU) 2023/2413 amending Directive (EU) 
2018/2001 as regards the promotion of energy from renewable sources (RED III), Official Journal of the European Union, October 31, 2023, https://
eur-lex.europa.eu/eli/dir/2023/2413/oj/eng; Argonne National Laboratory, Summary of Expansions and Updates in R&D GREET® 2024, ANL/
ESIA-24/20, February 2025. https://publications.anl.gov/anlpubs/2025/02/193610.pdf.

xxii	 Some jobs are short term, lasting for the duration of capacity build-out

xxiii	 Calculations based on the estimated investment in US infrastructure and multipliers from: U.S. Bureau of Economic Analysis. “Input–Output 
Accounts Data.” Industry Economic Accounts. Accessed August 22, 2025. https://www.bea.gov/data/industries/input-output-accounts-data.

xxiv	 Ibid.

xxv	 RIM Intelligence Co., “Bunker Sales Volume Estimation in 2024, Declining on Recession Worries,” Market News (AEL) – International Markets, 
December 22, 2023, accessed August 17, 2025; U.S. Energy Information Administration, “The United States Remained the Largest Liquefied 
Natural Gas Supplier to Europe in 2023,” Today in Energy, June 18, 2025, accessed August 17, 2025; LNG Cluster, “LNG Pulse – Energy 
Commodities,” LNG Pulse, last updated August 13, 2025, accessed August 18, 2025; Mærsk Mc-Kinney Møller Center for Zero Carbon Shipping, 
Fuel Option Scenarios; Raucci, McKinlay, and Karan, The Future of Maritime Fuels. SEA-LNG and Maritime Energy & Sustainable Development 
Centre of Excellence, Nanyang Technological University Singapore, The role of Bio-LNG in the decarbonisation of shipping: Report key findings, 
SEA-LNG.

xxvi	 Trevor Hunnicutt, Andrea Shalal, Gus Trompiz, and Lisa Baertlein. “Trump Hails $20 Billion Investment by Shipping Firm CMA CGM.” Reuters, 
March 7, 2025. https://www.reuters.com/business/trump-hails-20-bln-investment-by-shipping-firm-cma-cgm-2025-03-06/.

xxvii	 Kazdin, Tess. “Vanguard Renewables Announces Commercial Partnership with Global Shipping Company.” Waste Today, August 21, 2025. https://
www.wastetodaymagazine.com/news/vanguard-renewables-partnership-with-cma-cgm-group.

xxviii	 Calculations based on a range of scenarios from: Mærsk Mc-Kinney Møller Center for Zero Carbon Shipping, Fuel Option Scenarios; Raucci, 
McKinlay, and Karan, The Future of Maritime Fuels; SEA-LNG and MESD CoE (NTU), The Role of Bio-LNG in the Decarbonization of Shipping. For 
the high end of the range, an additional 5% is added with the assumption that the US can export up to 5% of global shipping demand.

xxix	 IEA, Outlook for Biogas and Biomethane; CEDIGAZ, Global Biomethane Market – 2025 Assessment.

xxx	 U.S. Energy Information Administration, “Natural Gas Pipelines.” https://www.eia.gov/energyexplained/natural-gas/natural-gas-pipelines.php.

xxxi	 U.S. Energy Information Administration. “Natural Gas Weekly Update (for Week Ending February 24, 2016).” February 25, 2016. https://www.eia.
gov/naturalgas/weekly/archivenew_ngwu/2016/02_25.

xxxii	 Zaretskaya, Victoria. “The United States Remained the World’s Largest Liquefied Natural Gas Exporter in 2024.” Today in Energy. U.S. Energy 
Information Administration, March 27, 2025. https://www.eia.gov/todayinenergy/detail.php?id=64844.

xxxiii	 Sources as cited in note vii.

xxxiv	 Ibid.

xxxv	 Calculations based on the following sources —Biodiesel: U.S. Department of Agriculture, Economic Research Service, Soybeans and Oil 
Crops—Market Outlook, 2025; U.S. Department of Agriculture, Agricultural Marketing Service, National Animal By-Product Feedstuff Report, 
August 15, 2025; Methanex Corporation, Pricing, 2025; U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, Biodiesel 
Production and Distribution, Alternative Fuels Data Center, n.d.—Biomethane: Michael McCully, “Energy Revenue Could Be a Game Changer for 
Dairy Farms,” Hoard’s Dairyman, Dairy Policy, September 23, 2021; Dairy One, Manure Analysis, n.d.; Environmental and Energy Study Institute 
(EESI), Fact Sheet: Biogas—Converting Waste to Energy, Washington, DC, n.d. —Biomethanol: Ryan Davis and Andrew Bartling, Biochemical 
Conversion of Lignocellulosic Biomass to Hydrocarbon Fuels and Products: 2021 State of Technology and Future Research, NREL/TP-5100-
82512, Golden, CO: National Renewable Energy Laboratory, 2022; Damon S. Hartley, David N. Thompson, and Hao Cai, Woody Feedstocks 2019 
State of Technology Report, INL/EXT-20-57181-Rev., (Idaho Falls, ID: Idaho National Laboratory, March 30, 2020).

14 How the IMO’s Net-Zero Framework Can Power American Industry



Primary data sources

Not exhaustive of all industry reports, analyses, data sources, or information used. For a full list, please reference 
the end notes.

Source How we used it

Mærsk Mc-Kinney Møller 
Center for Zero Carbon 
Shipping

The Mærsk Mc-Kinney Møller Center is an independent, industry-backed research 
institute focused on maritime decarbonization. Its Fuel Option Scenarios paper 
provides scenarios for the global maritime fuel mix to 2050, including adoption 
pathways for ammonia, methanol, biofuels, and LNG. 

This was used to validate demand trajectories, provide cross-checks on cost 
competitiveness, and ensure that infrastructure build-out assumptions were 
consistent with plausible adoption scenarios.

Lloyd’s Register Maritime 
Decarbonisation Hub

Lloyd’s Register is a global classification society and technical consultancy with a 
dedicated Maritime Decarbonisation Hub. Its report The Future of Maritime Fuels 
outlines potential adoption pathways and relative competitiveness of alternative 
fuels in shipping.

This was used to validate demand trajectories, provide cross-checks on cost 
competitiveness and ensure that infrastructure build-out assumptions were 
consistent with plausible adoption scenarios.

SEA-LNG SEA-LNG is an industry coalition promoting the use of LNG and bio-LNG as 
transitional marine fuels. Its View from the Bridge report combines industry data 
and outlooks on LNG bunkering capacity, infrastructure readiness, and emissions 
performance. 

This was used to benchmark the required scale of LNG and bio-LNG infrastructure 
investments, particularly at ports and bunkering terminals, and to ensure 
consistency with industry expectations of LNG’s role in the fuel mix.

US Bureau of Economic 
Analysis (BEA)

The BEA is the US federal statistical agency responsible for producing official 
macroeconomic accounts. Its input–output tables and multipliers provide detailed 
information on inter-industry relationships, output, value added, and employment 
per unit of spending. 

The BEA final-demand multipliers were used to estimate both the economic output 
impacts (direct and indirect GDP contributions) and the employment impacts (jobs 
per $1 million of investment) of infrastructure spending across fuels and asset 
classes.

Technical Appendix
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Guidehouse, Economic 
Analysis of Renewable 
Natural Gas

Guidehouse is a global consultancy producing technical and economic studies for 
the energy sector. Its RNG Report for the RNG Coalition provides a detailed cost 
analysis of renewable natural gas production in the US. 

Information in this report was used to benchmark facility sizing and unit capital costs 
for biomethane and bio-LNG production.

California Water 
Environment Association 
(CWEA)

CWEA is a professional body for water and wastewater operators. Its publications 
document biosolids and waste-to-energy infrastructure in California. 

CWEA case data was used to supplement cost assumptions for RNG and waste-to-
energy facilities.

National Renewable Energy 
Laboratory (NREL)

NREL is the US Department of Energy’s lead national lab for renewables. Its state-
of-technology and biodiesel handling reports provide rigorous techno-economic 
assessments. 

The techno-economic assessments were used to define biofuel conversion yields 
and biodiesel storage/handling requirements and associated capital investment 
costs.

A roadmap to the Ammonia 
Economy (MacFarlane et.al)

Published in Joule, this peer-reviewed study presents a comprehensive techno-
economic assessment of ammonia as an energy carrier. 

This was used to form and validate ammonia production cost assumptions.

IRENA & Methanol Institute, 
Innovation Outlook: 
Renewable Methanol

IRENA is an intergovernmental clean energy agency, and the Methanol Institute 
is the industry trade body. Their joint study provides global technology and cost 
outlooks for renewable methanol. 

Information from the joint study was used to derive unit production and storage 
costs for biomethanol facilities.

US Department of 
Agriculture (USDA) 
Economic Research Service 
(ERS) and Agricultural 
Marketing Service (AMS)

USDA ERS provides forecasts on US crop markets, and AMS publishes commodity 
price reports. 

These sources were used to assess feedstock availability and by-product impacts 
relevant to biodiesel and biomethane investments.

Det Norske Veritas (DNV) DNV is a global risk management and classification society with deep expertise in 
maritime decarbonization. 

Its assessments of US port LNG bunkering were used to size incremental terminal 
and port investments.

OpenTug OpenTug is a US maritime industry platform covering tug and barge markets.

Its analysis of barge construction costs was used to estimate bunkering barge 
investment needs across multiple fuel types.
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Investment, jobs, and GDP growth analysis: Scope and definitions

Period The period analyzed was 2026–2050, expressed in 2025 US dollars, real.

Fuels in scope Liquified natural gas (LNG), renewable natural gas (RNG), bio-LNG, biomethanol, 
biodiesel, and ammonia (from renewable sources)

Infrastructure boundary Includes the following: 

•	 Production facilities such as anaerobic digesters to produce renewable 
natural gas, Haber-Bosch plants to produce ammonia, and plants for biofuels 
manufacturing

•	 Ports and terminals, such as LNG export terminals (liquefaction trains, 
storage), as well as storage, terminals, and smaller-scale liquification 
co-located with ports and bunkering stations

•	 Ship-building of bunker barges to refuel ships. Assumes these bunker barges 
are built domestically to comply with Jones Act requirements. 

•	 Power generation required to create renewable ammonia. This requires 
additional wind and solar generation, as well as battery storage and grid 
capacity. 

•	 Hydrogen production, such as electrolyzers to manufacture e-hydrogen 
feedstock for ammonia production.

How we used data sources in the analysis

Data use Description

Future demand and fuel mix Global fuel adoption scenarios from Mærsk Mc-Kinney Møller Center, Lloyd’s 
Register, and SEA-LNG.

Unit capital costs 
(production facilities, power 
generation, hydrogen 
production)

Published techno-economic studies, government reports, industry disclosures, and 
technical brochures covering production facilities, storage, and port assets.

Please refer to main data sources above, as well as the complete list in endnotes.

Ports and bunkering assets Trade publications and case studies of bunkering operations in US ports.

Economic and employment 
multipliers

US Bureau of Economic Analysis input–output accounts.

State-level allocation of 
economic impact

BEA GDP by industry, used to distribute economic and jobs impacts geographically.
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Methodology for estimating infrastructure investment and economic impact

The approach used to estimate infrastructure investment followed a structured, bottom-up analysis from projected 
fuel demand to total investment required. The approach combined techno-economic assessments from industry 
and trade groups and was complemented with actual cost data from executed projects where publicly available.

Step Description

Step 1. Define future fuel 
mix demand

The estimation of infrastructure investment begins by defining future demand for 
alternative marine fuels, using published maritime fuel-mix scenarios to project 
how much LNG, bio-LNG, biomethanol, biodiesel, and ammonia (from renewable 
sources) may be consumed globally by 2050. 

The US contribution is estimated based on its current share of global bunkering 
capacity, reflecting the country’s position as both a large-scale fuel producer and 
one of the world’s most important maritime hubs. Meeting this share requires the 
build-out of new infrastructure at a scale far beyond what exists today.

Step 2. Convert demand to 
energy units

Future demand volumes are expressed in million tons per annum (MTPA) and 
converted into energy units to ensure consistency across fuels. These demand 
levels are then aligned with milestones for 2030, 2040, and 2050, ensuring that the 
modeled infrastructure build-out is consistent with the adoption curves in global 
scenarios.

Step 3. Determine 
production and capacity 
requirements

The projected demand is then converted into required production capacity. This step 
estimates how much production infrastructure must be installed by 2050 to deliver 
the required output. For instance, an ammonia demand pathway is translated into 
the number of Haber-Bosch plants, while bio-LNG demand is converted into the 
number of anaerobic digestion and upgrading plants.

Step 4. Map to 
infrastructure modules

Each fuel’s supply chain is then broken down into the infrastructure modules 
necessary to deliver it. On the production side, this includes digestion and upgrading 
plants for bio-LNG, or chemical conversion facilities for ammonia and methanol. At 
the ports, module include liquefaction units, storage tanks, loading systems, and 
bunkering barges. 

Importantly, while all fuels require storage and handling capacity, the specifications 
are unique to each fuel—for example, cryogenic tanks for bio-LNG are fundamentally 
different from liquid storage for biodiesel. Thus, capital costs were based on the 
unique storage and handling requirements of each fuel. Special attention was taken 
to avoid double-counting across fuels. 

Step 5. Apply unit capital 
costs

Unit capital costs are applied to each module based on published techno-economic 
studies, industry reports, and project disclosures. These unit costs reflect full 
facility expenditures, including engineering, equipment and construction costs 
(e.g., equipment costs plus energy, procurement, and storage [EPC] services and 
indirects). Where US-specific adjustments are available, such as regional labor or 
materials indices, they are incorporated to ensure cost realism.
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Step 6. Scale capital costs 
and aggregate across fuels

The costs are scaled to the required capacity and aggregated across modules 
to produce total investment estimates for each fuel. The results are reported as 
ranges, directly reflecting the low- and high-end estimates from published sources. 
Finally, investments are aggregated across fuels to arrive at the estimate of total US 
infrastructure investment required between 2026 and 2050.

Step 7. Estimate economic 
impact

In addition to one-time capital investment, the analysis also captures the ongoing 
economic impacts associated with new fuel supply chains. These impacts arise 
from the revenues generated in supplying feedstocks (for example, payments to the 
agricultural sector for organic waste and residue inputs), and from service revenues 
for transportation (e.g., rail-line services for biodiesel and biomethanol) and ports 
and terminals (for example, liquefaction, storage, and bunkering fees). These 
recurring revenue streams are estimated by applying per-ton feedstock costs and 
handling charges to projected 2030, 2040, and 2050 volumes.

Once quantified, both the infrastructure investment (CAPEX) and the ongoing 
revenue flows are mapped to relevant industry categories in the US BEA input–
output accounts. For each sector, final-demand multipliers are used to estimate the 
direct and indirect GDP contributions and the employment impacts measured as 
jobs per million dollars of spending. In this way, the analysis translates the scale of 
investment and revenue into sustained job creation and economic growth across 
agriculture, ports, construction and supporting industries.

Methodology for estimating infrastructure investment: Bio-LNG (renewable natural  
gas) example

Step Description

Step 1. Define future fuel 
mix demand

Maritime scenarios suggest that by 2050, the US could supply around 3.2–4.8 MTPA 
of bio-LNG into the global shipping market. This need defines the infrastructure 
pathway of new build-out of production and downstream infrastructure.

Step 2. Convert demand to 
energy units

To keep fuels comparable, we convert mass to energy. The 3.2–4.8 MTPA of bio-
LNG corresponds (via standard energy content assumptions) to roughly 0.2 EJ of 
delivered energy by 2050. For upstream planning, this is further linked to feedstock 
needs: the 2050 target implies on the order of 5.3–8.0 MTPA of raw biogas feedstock 
that must be captured, upgraded, and liquefied.

Step 3. Determine 
production and capacity 
requirements

We then translate the 2050 energy target into installed production capacity needs. 
Using industry reports, we benchmarked typical facility output at ~300,000 MMBtu 
per year. Meeting the 2050 demand therefore implies ~460–690 new agricultural-
waste biomethane facilities nationally. This provides a concrete build-out plan that 
aligns with scenario milestones in 2030, 2040, and 2050 (i.e., capacity is phased in 
line with the scenario trajectory, not assumed as a late “step change”).
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Step 4. Map to 
infrastructure modules

Capacity is translated into tangible assets:

Production — anaerobic digestion plus gas cleanup/upgrading at each facility.

Midstream — local collection networks, compression, and intermediate storage.

Ports/terminals (incl. liquefaction) — incremental liquefaction capacity sized to bio-
LNG throughput, cryogenic tanks, and loading arms/skids.

Bunkering — a bunkering-barge fleet matched to port throughput.

Step 5. Apply unit capital 
costs

Module-level unit CAPEX comes from published sources and project disclosures. 
For production plants, the composite per-facility cost  ranges from $41 million–$61 
million (synthesizing Global News/Alberta Major Projects/Anaergia diligence 
with Guidehouse). Port and bunkering modules use US LNG precedents (e.g., 
Cheniere/Freeport disclosures, GEM methodology) and OpenTug for new-build 
barge benchmarks. While we report total installed costs, underlying figures reflect 
standard CAPEX composition (e.g., equipment + EPC + owner’s costs/contingency 
and other indirects).

Step 6. Scale capital costs 
and aggregate across fuels

Each module’s unit CAPEX is scaled by required capacity (number of plants, 
liquefaction train size, tank volumes, barge count) and summed for biomethane. 
This yields a cumulative bio-LNG investment requirement of roughly $23 billion–$51 
billion by 2050. The range directly reflects low/high bounds in the sources 
and design choices. Finally, we combine the biomethane total with analogous 
estimates for LNG, biomethanol, biodiesel, and ammonia to produce the total 
US infrastructure investment (in constant 2025 USD), phased in line with the 
2030/2040/2050 scenario points.

Step 7. Estimate economic 
impact

Beyond CAPEX, the biomethane production capacity build-out generates recurring 
revenues. Supplying 5.3–8.0 MTPA of raw biogas feedstock produces substantial 
payments to the agricultural sector, representing new demand for crop residues, 
manure, and other organic waste streams. Similarly, the throughput of bio-LNG 
at US ports creates revenue for liquefaction services, storage, and bunkering 
operations. These revenue streams are estimated per ton of fuel handled, then 
mapped to agriculture and port service industries. 

Using BEA input–output multipliers, both the CAPEX investment and the ongoing 
revenues are translated into direct and indirect GDP contributions and employment 
impacts (jobs per $1 million). This framework captures not only the one-time boost 
from infrastructure construction but also the long-term economic benefits of 
operating the new supply chain, with measurable gains for US farming communities, 
port regions, and supporting industries.
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