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AFFO Subprograms

Fuel Cell 
Technologies

Feedstocks 
Technologies R&D

Infrastructure 
R&D

Analysis, Codes & Standards

Production R&D Systems 
Development 
& Integration

AFFO Missionsupport

Advancing technologies 
that mobilize America’s 

abundant potential                         
for biomass and                    

hydrogen, to:
→ Enhance domestic 

production of fuels, 
chemicals, and materials

→ Enable affordable and 
reliable energy choices for 
businesses and 
consumers

AFFO Priorities

AFFO pursues its mission through              
five strategic priorities:

Fertilizers    

Chemicals

Nuclear

Data 
Centers

Geologic 
Hydrogen

drives

Presenter Notes
Presentation Notes
KEY POINTS: (previously BETO and HFTO)

AFFO brings together a diverse portfolio spanning feedstocks, production, infrastructure, fuel cell technologies, and systems development and integration.

Our mission is to advance technologies that mobilize America’s abundant biomass and hydrogen resources, strengthening domestic production of fuels, chemicals, and materials while enabling affordable and reliable energy solutions.

Importantly, this work is designed to move beyond individual technologies and address the systems, infrastructure, and integration needed to support commercialization and scale.

That mission comes to life through the five strategic priorities shown here—fertilizers, chemicals, nuclear, data centers, and geologic hydrogen.
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Ending Reliance on 
Foreign Fertilizers
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Challenge Opportunities
• Develop innovation-driven chemical and biobased fertilizer production 

technologies to enable domestic affordable and resilient supply chain
• Use AI to guide catalyst and materials R&D that reduces cost of 

distributed fertilizer production
• Improve efficacy of fertilizers and soil amendments via functional design
• Develop safety, training, and permitting resources for new, small, and 

aging facilities

U.S. Agriculture Faces Fertilizer 
Supply Crisis
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U.S. Fertilizer Supply by Source in 2023 
(Nutrient Basis)

Domestic Production Other Imports Persian Gulf (Hormuz)

• Reliance on fertilizer imports creates 
vulnerability to price spikes and shortages

• 70% of farmers cannot afford fertilizer to get 
through the year

• Fertilizer supply is consolidated in 5 
multinational companies, limiting 
transparency and competition

Domestic Fertilizer Production

Cross-cutting: Safety, Analysis, Stakeholder Feedback

Hydrogen

Wastewater 
& Runoff

Biomass

Catalysis

Phytomining

Anaerobic 
Digestion

Thermochemical 
& Extraction

N

N/P/K

Liquids (N/K) & 
Biosolids (N/P)

Biochar (P/K) 
Biostimulants

Direct 
replacement

Functional 
replacement & 

supplement

Chemical 
NPK 

Fertilizers

Biobased Fertilizers & 
Soil Amendment

Presenter Notes
Presentation Notes
KEY POINTS:
The U.S. fertilizer supply chain relies on imports for key nutrients, making farmers vulnerable to supply disruptions and rising costs.
In fact, many farmers report fertilizer costs as one of their biggest challenges, with roughly 70% saying they struggle to afford the fertilizer they need.
AFFO’s RD&D focuses on strengthening domestic fertilizer production through innovative chemical and biobased technologies.
That includes advancing AI-enabled catalyst development, improving fertilizer performance, and developing new pathways that convert resources like hydrogen, wastewater, and biomass into valuable fertilizer products.
Together, these opportunities give us multiple pathways to strengthen domestic fertilizer production while addressing cost, supply, and performance challenges. 

Sources:
70% of farmers cannot afford fertilizer to get through the year: American Farm Bureau Federation (AFBF) April 2026 survey of 5,700 farmers. https://www.fb.org/news-release/nationwide-survey-most-farmers-cant-afford-fertilizer
Fertilizer supply is consolidated in 5 multinational companies, limiting transparency and competition:  https://www.agriculture.senate.gov/newsroom/dem/press/release/klobuchar-introduces-bipartisan-legislation-to-lower-fertilizer-costs
Note on “U.S. Agriculture Faces Fertilizer Supply Crisis”: Persian Gulf exports include Iran, Iraq, Saudi Arabia, Qatar, UAE, Oman, Kuwait, and Bahrain. Source: NDSU using data from TFI (2025).




Potential RD&D AreasStrategic Goals

• Analysis & Technoeconomic 
Assessment

• Biobased NPK fertilizer 
production

• Direct Production of Chemical 
Fertilizers

• Novel production  pathways
• Nutrient Extraction and 

Recovery 

• Expand domestic fertilizer 
production capacity.

• Reduce N&P fertilizer 
imports by 50% by 2035.

• Improve affordability and 
farmer access.

• Advance environmentally 
responsible fertilizer 
technologies and supply 
chains.

• Strengthen partnerships.
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Presenter Notes
Presentation Notes
KEY POINTS:
Building on those opportunities, AFFO's strategic goals focus on strengthening domestic fertilizer production, reducing import dependence, and improving affordability and access for farmers. 
That includes the goal of reducing nitrogen and phosphorus fertilizer imports by 50% by 2035, while also advancing environmentally responsible technologies and strengthening partnerships across industry, government, and the research community.
The RD&D areas on the right represent some of the technical pathways we can pursue to achieve those goals. That ranges from technoeconomic and supply-chain analysis to better understand markets and guide RD&D, to biobased NPK production using approaches such as microbial formulation, composting, and fermentation. We’re also looking at opportunities to improve conventional chemical fertilizer production and develop novel production pathways that could increase efficiency and lower costs.
Nutrient extraction and recovery is another important piece of the portfolio, including approaches such as biological extraction and electrochemical separation that can recover valuable nutrients for productive use. 
Ultimately, the goal is to use RD&D across these areas to help build a stronger, more resilient domestic fertilizer supply chain.


Sources: USDA Economic Research Service, Drivers of Fertilizer Markets: Supply, Demand, and Prices (2025); USDA Rural Development, FIELDS Program (2026); USDA Agricultural Transportation, Fertilizer Transportation Dashboard (2026).
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AFFO Highlight: Takachar Advances Domestic Biochar Production

Key Highlights:
• Converts woody biomass into biochar using AI-driven portable system.
• 10x increase in processing throughput.
• 50% reduction in operating costs.
• Supports domestic fertilizer production and reduces waste.

Lower-cost scalable 
biochar production 

can reduce reliance on 
foreign conventional 

fertilizer while creating 
value from agriculture 
and forestry residues.

Small Business Innovation Research (SBIR) Project:
Takachar is developing portable biochar technology that transforms 
woody biomass into fertilizer inputs while reducing production costs.

Presenter Notes
Presentation Notes
KEY POINTS:
To bring these RD&D priorities to life, here’s one example of an AFFO-supported technology that’s already demonstrating measurable progress.
Through the Small Business Innovation Research (SBIR) project, Takachar has developed a portable, AI-enabled biochar system that converts woody biomass into fertilizer inputs. 
The technology has demonstrated a 10× increase in throughput and 50% lower operating costs, while creating value from agricultural and forestry residues and reducing reliance on foreign conventional fertilizer.
It’s a good example of how targeted federal investments can help move innovative technologies toward commercialization while supporting both economic and environmental goals.

Sources:
U.S. Small Business Innovation Research (SBIR), Takachar Limited, DOE Phase II Award DE-SC0021836
Firm | SBIR
Takachar, "Technology"; 2026 Home - Takachar
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Strengthening Domestic 
Chemicals Production
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Challenge Opportunities

• Biomass resources identified across 
the U.S. 

• Potential for agricultural residues, 
forestry residues, organic wastes, 
and energy crops

• Deliver economic and environmental 
benefits across the U.S.Billion-Ton Report

• Organic chemicals are 
essential to products across the 
U.S. economy, but face growing 
global competition and supply 
chain risks.

• Leveraging domestic 
biomass/waste feedstocks and 
modern biotechnologies will help 
America sustain dominance in 
chemicals production.

• The U.S. must accelerate 
domestic chemical innovation to 
maintain global leadership and 
supply chain resilience. 

Transform American supply 
chains through biotechnology 

innovation
• Abundant – estimated >1 billion 

tons biomass potential — enough 
to double the total U.S. domestic 
chemicals production volume

• Reduced import dependence 
• Supply chain resiliency 
• Job creation, economic growth 
• Consumer preference for 

safer products and 
enhanced performance 

• Reduce waste 

Presenter Notes
Presentation Notes
KEY POINTS:
Organic chemicals are foundational to products across the U.S. economy, but the industry faces increasing global competition and supply-chain risks.
The opportunity is to use domestic biomass and waste resources, coupled with biotechnology and advanced conversion technologies, to strengthen U.S. chemical manufacturing and supply chains.
And we know the resource base is there. Our Billion-Ton Report identifies the potential for more than 1 billion tons of biomass annually, with resources distributed across the country—including agricultural and forestry residues, wastes, and energy crops. 
That creates an opportunity to turn domestic feedstocks into higher-value chemicals and materials, while reducing import dependence, improving supply-chain resilience, creating economic opportunities, and finding productive uses for waste streams.
So, the key takeaway is that America has both the feedstock resources and the innovation capacity to expand domestic chemicals production through biotechnology.

Sources: U.S. DOE, 2023 Billion-Ton Report (2024); U.S. EPA, Chemical Production Data; U.S. DOE, Biotechnology & Biomanufacturing Innovation Fact Sheet. 

Estimated >1 billion tons biomass potential — enough to double the total U.S. domestic chemicals production volume: https://www.epa.gov/chemical-data-reporting/chemical-production-data 





Advantaged Products 
and Materials

10

Potential RD&D Areas

Advance U.S. chemical 
manufacturing by:
• Expanding domestic 

production 
• Prioritizing scalable, cost 

competitive pathways for high-
volume (>1 million tones/year) 
chemicals.

• Reducing reliance on import-
dependent chemicals through 
alternative feedstocks.

• Advancing performance-
enhanced chemicals for high-
value applications.

• Strengthening U.S. supply 
chains and global 
competitiveness.

• Prioritize imported critical chemicals with strong export potential and rapid 
market adoption.

• Develop Performance-Advantaged Products with superior properties to 
conventional products and materials.

• Advance scalable, cost-competitive manufacturing pathways using 
biomass, algae, waste resources

• Accelerate commercialization through technologies that integrate with 
existing manufacturing and supply chains.

Cost effective 
intermediates

Strategic Goals

Diversify Supply 
Chain

Muconic Acid: 6,6-nylon, polymers, resins1,4-Butanediol: plastics, polyurethanes, elastics

Presenter Notes
Presentation Notes
KEY POINTS:
The challenges and opportunities just presented point to a clear need - strengthening U.S. chemical manufacturing by turning domestic feedstocks and innovation into more resilient, competitive supply chains.
AFFO's strategic goals focus on expanding domestic production, scaling cost-competitive manufacturing, reducing import dependence, advancing performance-enhanced chemicals, and strengthening resilient supply chains.
To achieve those goals, our RD&D priorities focus on critical chemicals, performance-enhanced products, scalable manufacturing using biomass, algae, and waste resources, and accelerating commercialization through existing manufacturing infrastructure.
Overall, the goal is to diversify the U.S. chemicals supply chain – from the domestic feedstocks we use to the intermediates and advanced products we produce.
This creates scalable pathways to high-value chemicals and materials that strengthen supply-chain resilience and U.S. competitiveness.

Sources: U.S. DOE, 2023 Billion-Ton Report (2024); DOE, Moving Beyond Drop-In Replacements: Performance-Advantaged Biobased Chemicals (2018); DOE, Bioproducts: Everyday Commodities Made from Biomass; DOE/BETO, Project Improves Production of Renewable Chemical from Cellulosic Feedstocks (2015).
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AFFO Highlight: Scaling Successfully – Genomatica & BDO

AFFO-supported 
innovation helped 

commercialize a bio-
based chemical that is 
now cost-competitive 

and produced at global 
scale.

From Lab to Global Scale:
• Genomatica founded
• First Bio-DBO produced in California lab
• DOE/AFFO investment to increase 

feedstock types at lab scale
• First commercial facility in Italy
• 2026 Global Scale Production

1998
2008

2012

2016
2026

1,4 Butanediol (BDO)

High-volume industrial 
chemical used in plastics, 
polyurethanes, elastics.

Bio-BDO

• Cost-competitive with traditional BDO
• Eliminates acetylene and formaldehyde
• Genomatica currently produces 4% of global 

BDO via its bio-BDO process
• 50% of production based in U.S.

Presenter Notes
Presentation Notes
KEY POINTS:
This is a strong example of how AFFO-supported R&D can help move a promising technology from the lab to commercial scale production. 
1,4 Butanediol (BDO) is a high production industrial chemical
Uses: high-performance solvents, lithium-ion battery electrolytes, spandex, nylon, and biodegradable plastics
Genomatica developed a biological pathway to produce BDO from feedstocks, providing an alternative to conventional production
Bio-BDO
Bio-BDO can be produced at the same cost as traditional BDO
Can use any sugar source as a feedstock
Genomatica currently produces 4% of global BDO via its bio-BDO process (with half of this production based in the US).
The timeline really demonstrates that progression from early lab development, to DOE-supported R&D, to the first commercial facility and now global-scale production. 

Sources: U.S. DOE/BETO, “BETO Project Improves Production of Renewable Chemical from Cellulosic Feedstocks” (2015); Genomatica/Novamont, GENO BDO™ Commercial Plant Announcement (2016). 
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96% of manufactured goods rely on products from the U.S. chemical sector
AFFO's new $58M ASPECT NOFO supports technologies that strengthen domestic chemical 

manufacturing through alternative biomass and waste feedstocks.

NOFO GOAL: Increase the TRL of four (4) to eight (8) novel technologies and pilot at least one (1) 
technology to increase speed to market of emerging chemicals

Just Announced -- Recent Milestone: $58M ASPECT NOFO
First Chemicals Funding Under the Office of Critical Minerals and Energy Innovation

• Advance technologies from proof-of-
concept to bench/pre-pilot scale

• Accelerate pilot development and 
market readiness

Funding Topic Areas

Bench ASPECT

Pre-Pilot ASPECT

• $58M federal investment
• Strengthening U.S. manufacturing
• Supports domestic supply chains
• Accelerates commercialization of emerging 

chemical technologies

NOFO Highlights

Presenter Notes
Presentation Notes
KEY POINTS:
Just hot off the press, I’m excited to announce the release of our $58 million ASPECT NOFO, the first chemicals funding opportunity under the new Office of Critical Minerals and Energy Innovation. 
The funding targets technologies that can strengthen domestic chemical manufacturing using alternative biomass and waste feedstocks to safeguard US supply chains, increase energy independence, support rural economies, and drive global competitiveness.
Through two topic areas—Bench and Pre-Pilot ASPECT—we’re helping move technologies from proof of concept toward pilot scale and market readiness. 
Ultimately, the goal is to advance at least eight novel technologies and pilot at least one, helping translate R&D into domestic manufacturing and stronger U.S. supply chains.

Sources: 
Overall: U.S. Department of Energy, Alternative Fuels and Feedstocks Office, “Accelerating Scale-up and Pre-piloting of Emerging Chemical Technologies (ASPECT),” DE-FOA-0003646, 2026. 
“96% of manufactured goods …”: Cybersecurity & Infrastructure Security Agency, Chemical Sector Profile (Mar. 23, 2022),  https://www.cisa.gov/resources-tools/resources/chemical-sector-profile. 
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Enabling Nuclear 
Energy Abundance with 

H2 & Chemicals
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Nuclear plants can produce / sell hydrogen & chemicals to 
enhance flexibility & increase profitability

• Enables nuclear plants to dynamically participate in electricity markets
• Leverages free waste-heat—which greatly expands opportunities for profitable biomass 

conversion--generating more value and reducing cooling needs
• Lowers long-term investor risk through product / market diversification
• Enables pathways for transforming electrons to high-value molecules and converting waste 

to useful products

Underutilized nuclear resources:

• Difficult for nuclear plants to ramp 
up & down to match demand

• Average thermal efficiency of nuclear 
plant is 33% — majority of the 
energy is lost as surplus heat.

• Cooling is often the limiting factor in 
power production. 

High investment risk for nuclear:

• Single product (electricity) & single 
customer (utilities)

• Volatile demand & electricity prices 
can force plants to operate at a loss 
(since they can’t easily ramp up / 
down)

Challenge Opportunities

Biomass/Waste MARKETS

Chemicals 
& Fertilizers

Hydrogen 
Markets 

(refining, backup 
power, etc.)

Power GridElectricity

NUCLEAR 
ENERGY

Surplus 
electricity

Surplus heat

Internal needs

Presenter Notes
Presentation Notes
KEY POINTS: 
Key source of volatility in electricity prices is the underlying volatility in NG prices and potential overproduction from renewables.
Volatile electricity prices expose investors to significant long-term risk, especially given the capital-intensive nature of nuclear power plant construction/expansion.
H2 can enable rapid nuclear power expansion and avoid existing plant retirements by enhancing flexibility (new revenue streams) and increasing profitability (setting price floor). 
Given the volatility of electricity prices, it is important to address profitability across all time scales (daily, weekly, seasonal).
A 1 GW nuclear power plant can produce up to about 150,000 tons of hydrogen per year.
Key Opportunity: having “free” nuclear heat available means we can reconsider a lot of processes for waste upgrading that are often dismissed because they require too much heat (which is usually generated by burning biomass). If you have free heat to drive off water, and then do a thermal conversion/upgrading step, a lot of waste streams become significantly more valuable.
Location/geographic-distribution Issue: biomass and most waste streams are usually not where you want them and transportation to a processing facility is expensive, so they often sit, rotting in field or not being collected. But if nuclear is smaller, more modular, and more distributed, then the distances to the facilities drops, and transportation becomes a much smaller cost contributor, so waste is more valuable. 
REFERENCES:
Thermal efficiency of nuclear plants: https://www.eia.gov/electricity/annual/html/epa_08_01.html (Heat rate of average nuclear plant in US in 2024 = 10,443 Btu/kWh; 1 kWh = 3,412 Btu)
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Expanded Nuclear Power
• 8GW 300 GW+ of new and uprated 

nuclear power plants in operation by 2030 
and 300 GW by 2050

• Nuclear plants selling multiple products
• Nuclear plants increasing overall 

efficiency from 33% to 50%

Increased Domestic Production 
of H2 and Chemicals (including 
performance enhanced chemicals and fertilizers)

• Lower costs and/or increased supply options 
(diversified supply pathways)

• Multiple long-term offtake agreements for 
hydrogen and chemical products

• Bio feedstock carbon utilization for ammonia 
and polymer production

• Analysis and Design: Analysis and system 
designs for integrated energy systems (IES) 

• R&D:
• H2 Production & Infrastructure: R&D of 

catalysts and advanced manufacturing for 
electrolyzers; advanced infrastructure 
(storage and transport), R&D to enable 
safety/permitting

• Biomass Pre-Processing: R&D to 
produce carbon & oxygen

• Chemical & Fertilizer Production: RD&D 
of innovative ways to produce chemicals 
from hydrogen and bio-derived carbon

• System Integration:  kW- & MW-scale nuclear-
H2 systems (electrical & thermal)

• Demonstrations: Validation of IES operational 
scenarios; demonstrations in partnership with NE

Examples of Key 
Objectives:

Strategic Goals Potential RD&D Areas

→ Reduce energy 
consumption for h2 
production:
• 46 kWh/kg H2 (low temp)

• 35 kWh/kg H2 (high temp)

→ Increase energy 
utilization at nuclear 
plants to 50% through use 
of waste heat

→ Demonstrate world’s 
first small modular reactor 
integrated with H2 
electrolyzer

Presenter Notes
Presentation Notes
KEY POINTS: 
Key source of volatility in electricity prices is the underlying volatility in NG prices and potential overproduction from renewables.
Volatile electricity prices expose investors to significant long-term risk, especially given the capital-intensive nature of nuclear power plant construction/expansion.
H2 can enable rapid nuclear power expansion and avoid existing plant retirements by enhancing flexibility (new revenue streams) and increasing profitability (setting price floor). 
Given the volatility of electricity prices, it is important to address profitability across all time scales (daily, weekly, seasonal).
A 1 GW nuclear power plant can produce up to about 150,000 tons of hydrogen per year.

REFERENCES:
Thermal efficiency of nuclear plants: https://www.eia.gov/electricity/annual/html/epa_08_01.html (Heat rate of average nuclear plant in US in 2024 = 10,443 Btu/kWh; 1 kWh = 3,412 Btu)
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Constellation’s Nine Mile Point Nuclear Station in Oswego, NY. 
Partners: INL, NLR, ANL, Nel Hydrogen

“This technology is going to be incredibly important.” 
– Constellation Energy CEO Jose Dominguez

“Today’s hydrogen market already exceeds $100 billion 
and is expected to grow significantly … represents an 
opportunity for current and new nuclear plants alike.” 

– Nuclear Energy Institute

Proved H2 production can provide a new way for 
nuclear plants to dynamically participate in organized 
electricity markets

AFFO Highlight: Nation’s First Nuclear-to-H2 Facility

What 
industry 
is saying

• $800,000 annual savings by providing in-house H2

• Prompted Constellation to pursue large-scale nuclear 
H2 production

• Set precedent for Nuclear Regulatory Commission 
(NRC) licensing of H2 production at nuclear sites

Winner of the 
2023 Top Innovative 

Practice Award 
from the NEI

Presenter Notes
Presentation Notes
KEY POINTS:
Market Potential: U.S. Steam turbine fleet (coal (462 turbines), combined cycle, and NPP (96 reactors) numbers around 2000 generators.
HFTO RD&D Focus Areas:  
HFTO is well positioned to continue advancing technologies that will help enable low-cost nuclear H2 production, especially:  reducing the cost of electrolyzers; enabling efficient production of value-added products (e.g., synthetic chemicals, fertilizer); improving integration of nuclear plant operations with hydrogen production (to maximize efficiency and profits); as well as addressing some critical institutional challenges (e.g., codes/standards development).
Nuclear Hydrogen Demonstration: 
Project was funded with $5.86M DOE share and $8.59M cost share from industry
System produces low-cost H2 used for cooling and to treat the water at the plant to reduce corrosion of the equipment. H2 Production is about 500kg per day or 180 tonnes per year. 
Simulates scaled-up operation of a larger electrolyzer in nuclear power markets
Project completed in 2023, and outcomes include: (1) Constellation is very pleased with the installation (saving $800k/year producing their own H2 vs having it trucked in); (2) Efficiencies would be higher with high-temperature electrolysis (SOEC) that leverages waste heat, and larger scale is required to take advantage of external markets for hydrogen. As a result, constellation is pursuing large-scale nuclear-hydrogen production.
HFTO and the Office of Nuclear Energy are also currently funding an electrolyzer installation at Xcel Energy’s Prairie Island nuclear plant.

REFERENCES:
Annual savings: U. Otgonbaatar, “Demonstration of electrolyzer operation at a nuclear plant to allow for dynamic participation in an organized electricity market and in-house hydrogen supply,” June 2023. (https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/review23/ta028_otgonbaatar_2023_o-pdf.pdf)
Constellation Energy quote: https://www.hydrogenfuelnews.com/nuclear-hydrogen-production-us/8555316/ 
Nuclear Energy Institute quote: https://www.nei.org/news/2020/why-hydrogen-great-partner-nuclear-energy-planet 



H2NUC—New national lab 
consortium focused on:  
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• Key enabling technology: electrolysis, which allows utilization of 
nuclear waste heat & surplus electricity

• Ensuring electrolysis technologies are ready for deployment alongside 
nuclear buildout

• Reducing cost through high-throughput material testing, cell design / 
fabrication, design for manufacturing, etc. 

• Can enable many potential applications beyond nuclear, such as 
upgrading stranded NG to liquids from productive wells with no 
pipeline or market access (potential FY27 focus)

• Dispatchable / modular technology to break C-H bonds in favor of C-
C bonds (don’t need full chemical plant)Participating Labs: NLR, INL, ANL, LBNL, 

LLNL, LANL, NETL, ORNL, PNNL, SNL, SLAC

AFFO Highlight: Focusing Lab Expertise on Nuclear-to-H2 Opportunities

Presenter Notes
Presentation Notes
Logo concept, review/approval process not yet initiated
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Meeting the Demands of 
Energy and Water for 

the AI Revolution



AI is driving extreme changes on the grid:
• Significant increase in power demand
• Extreme/rapid demand fluctuations

Data centers create issues with water 
consumption and waste generation

Obstacles to accommodating these changes:
• New Grid Connections: long wait times 
• Turbines: back-ordered: 3–7years
 Difficulty meeting sub-second fluctuations
 Pollutants and noise impede/delay permitting

• Small Modular Reactors: 2031+

19

15MW

Google’s 
“Call to 
Action” 
Paper from 
Feb. 2025

Fuel Cells can provide prime/backup power with:
• Speed to power – quicker permitting (low noise/pollutants) and faster 

equipment delivery
• Grid-independence, fuel-flexibility (natural gas,  biogas, H2, etc.)
• Enhanced instant power-response and load-following
• High modularity (build/expand to any scale); efficiency (>60%) and 

reliability (enables N+1 redundancy)
• Greatly reduced water consumption – including net-positive water-

production when using H2 as fuel

Biotechnology can address water issues, create value:
• Utilize wastewater and heat to grow algae feedstock
• Treats wastewater on site, creating value (minerals, feedstocks, etc.)
• Alleviates bottlenecks from managing contaminated cooling water
• Potential for: increased revenue, reduced water consumption, reduced 

operational costs

Challenge Opportunities

Presenter Notes
Presentation Notes
KEY POINTS:
AI is driving massive changes in the grid including significant power demand and power fluctuations AND the current grid doesn’t have enough capacity to keep up with the demand. 
Permitting to connect to the grid takes a long time and current alternatives aren’t ready yet or are not able to meet sub-second power fluctuations.
Fuel cells can offer a solution by providing prime or back up power to meet the demand from AI data centers:
Can be fuel-flexible (NG, biogas, H2, etc.)    Can handle sub-second load transients     Have high efficiencies	 can be easier to permit than diesel generators
Large data center companies see potential cost savings; Microsoft has stated they are willing to pay a premium for fuel cells. 
1 GW fuel cell uses about 0.25 MMT H2/year (about 700 tons per day)
Water consumption:
SOFCs using natural gas as fuel: near net zero water as the water produced from the fuel cell is recycled to generate steam that is used in the fuel cell for internal reforming. They are net zero during operation and need a little bit of water during start up. They use ~1 gal/MWh vs over 800 gal/MWh for a traditional power plant
Any fuel cell (including SOFC, PEM, etc.) running on H2:  will not require any water input and would produce a significant amount of usable byproduct water ( 2,000 – 2,500 gallons per day per MW)
Waste generation:
in data centers with open water-cooling loops, the water is concentrated through evaporation, and minerals are continuously concentrated, resulting in a blowdown stream (a portion of the water with very high mineral concentration that is drained out of the system). Silica is particularly a problem as it is very abrasive, it is also a required macro-nutrient for some algae, so they’re very efficient at taking it up, reducing the blowdown losses and lowering OPEX. 
Biotech solutions: In treating the wastewater minerals/nutrients can be recovered and feedstocks for chemicals/agriculture products can be produced (there was a note that bio-solutions could reduce water consumption by 25%. Can’t get a reference for this now, so it’s temporarily removed check with Chenlin when she returns?)

REFERENCES:
Fuel cell efficiency: 2024 HFTO MYPP Fuel Cells Section, pg. 86 (https://www.energy.gov/eere/fuelcells/hydrogen-and-fuel-cell-technologies-office-multi-year-program-plan)
Backlog timing:
Nuclear reactors: Nuclear Innovation Alliance. Advanced Reactor Deployment Timelines (https://www.nuclearinnovationalliance.org/sites/default/files/2024-08/NIA%20AR%20Timeline%20-%20August%202024.pdf)
Turbines: S&P Global. US gas-fired turbine wait times as much as seen years; costs sharply (https://www.spglobal.com/commodity-insights/en/news-research/latest-news/electric-power/052025-us-gas-fired-turbine-wait-times-as-much-as-seven-years-costs-up-sharply)
Water consumption for SOFCs: https://worldfinancialreview.com/the-water-saving-power-source-how-bloom-energy-cuts-water-use-to-near-zero/ 
Water production for FCs operating on H2: 
At 60% Efficiency, a 1MW fuel cell uses ~50 kg H2/hr (1,200 kg H2/day); 1,200  kg H 2 /day×8.9  kg H 2 O/ kg H 2 =10,700  kg H 2 O/day≈2,800 gallons/day/MW
Accounting for system parasitic loads & cell operating voltage (~0.65 V to 0.75 V per cell): Net delivered AC power typically results in 2,000 to 2,500 gallons/day per MW of recovered/condensed liquid water.
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• Develop and demonstrate fuel-flexible 
fuel cells that are efficient, 
durable, and cost-competitive

• Demonstrate fuel cells that can provide 
reliable and affordable speed-to-
power

• Integrate and demonstrate algae 
systems for data-center waste 
management and utilization

• Develop biomanufacturing capabilities 
for algae-derived performance-
enhanced chemicals, biobased 
fertilizers, and mineral recovery

Reduce cost, improve durability, efficiency 
& reliability, alleviate critical mineral 
dependence, and enable fuel flexibility

Strategic Goals Potential RD&D Areas

Fuel Cell RD&D 
(materials, components, 

subsystems)

Innovative solutions for data center power 
and cooling demands

System Design, 
Integration, Operation

Boost domestic capacity, improve supply-
chain securityManufacturing RD&D

Enable ease of permittingSafety R&D and 
Stakeholder Assistance

Address water cleanup, waste 
management, and resource recovery

Algae and Data Center 
Co-location RD&D

Presenter Notes
Presentation Notes
“cost competitive” refers to grid electricity for prime power and diesel generators for backup power
Goal is to be competitive with grid electricity for prime power (~10ct/kWh) and diesel generators for backup power. ​Cost targets could be revised based on analysis updates and do not include tax credits or incentives. 
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AFFO Highlight: Hydrogen Fuel Cell for Data-Center Backup Power

DOE funded first-of-its-kind demonstration of a 
MW-scale hydrogen fuel cell for backup power at 

Microsoft data center in Wyoming—proved 
technology works and can be cost-competitive.

“What we witnessed was, for the 
data-center industry, a moon landing 

moment … It’s mind-blowing.” 

– Microsoft’s Director of Data Center 
Research Sean James, on a related project 
demonstrating fuel cells for data centers

What 
industry 
is saying

 Provided 48 hours of 
backup power

 Microsoft very pleased 
with results – boosted 
confidence in the 
technology

 Partners: Microsoft, 
Caterpillar, Ballard 
Power Systems, NLR

DOE has de-risked innovations and 
catalyzed markets for fuel cell tech

INNOVATION 
Driven by DOE RD&D in fuel cells 

DEMONSTRATIONS 
Cost-shared by government 
and industry in 2009

MARKET UPTAKE!
Industry deployed 
nearly 8,000 
additional backup 
power fuel cell 
systems by 2017 
(within just eight 
years!)

Presenter Notes
Presentation Notes
KEY POINTS: 
Work to advance technology in this space will range across the value chain including:
MW-scale fuel cell R&D to improve durability, cost, efficiency, as well as manufacturing of catalysts
Improvements in H2 infrastructure technologies, including for bulk storage
Integration of server rack with fuel cells for prime power
Utilization of backup power fuel cells as “peaker” plants to allow data centers to become part of the grid solution instead of part of the problem
HFTO is already working in this space and has seen some early successes through demonstration projects. We can build upon these successes to accelerate progress.
HFTO partnered with Caterpillar, Microsoft, Ballard Power Systems, and NREL to demonstrate a first-of-its-kind MW-scale backup power system using H2 fuel cells. 
DOE funded $5.6M, industry funded $6.3M 
Installed at Microsoft’s Cheyenne, Wyoming, data center
Simulated a 48-hour power outage, providing critical insights into the capabilities of fuel cells to ensure uninterrupted multi-MW power supply and meet the 99.999% uptime requirement 
Key insights from project are that (1) the technology works and (2) fuel cells can achieve cost parity with diesel gen sets for data center back-up power

REFERENCES:
Project results (# of hours demonstrated): Caterpillar. 2024 Annual Merit Review Project Presentation. (https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/review24/ta044_wang_2024_o.pdf?sfvrsn=714f698a_3) 
Cost parity analysis results: Chad Hunter et al. 2021. Techno-economic analysis of long-duration energy storage and flexible power generation technologies to support high-variable renewable energy grids. (https://www.sciencedirect.com/science/article/pii/S2542435121003068)
Image: https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/review24/ta044_wang_2024_o.pdf?sfvrsn=714f698a_3
DOE demonstrations and resulting market uptake of backup power fuel cells: https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/17004_industry_deployed_fc_bup.pdf 
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Geologic Hydrogen – 
Opportunity for a New 

Primary Source of 
American Energy

Presenter Notes
Presentation Notes
Image: Hyterra, https://hyterra.com/ 
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• Geologic H2 resources identified 
across the U.S. 

• Potential for natural, stimulated, 
and bio-induced H2

• Often found with valuable Helium

• Potential for co-exploration with 
critical minerals & geothermalUSGS geologic H2 “prospectivity” map—a relative scale of 

viability of H2 resources (dark blue = largest potential)

• As demand for energy grows, 
American consumers and 
businesses face rising costs 
and supply bottlenecks

• Harnessing new sources of 
energy—energy addition not 
subtraction—will help address 
energy poverty at home and 
abroad (through exports)

• Abundant American energy will 
sustain energy security and 
enable continued exports, 
strengthening our economy and 
maintaining a strong global 
posture

Transform American energy by adding a new                                       
domestic energy source

• Abundant – estimated >5 trillion tons globally — enough energy for    
 ~1000 years of current global needs

• Affordable – potentially <$1/kg H2 (comparable to <$1/gallon of gasoline)
• Leverages existing expertise – generations of U.S. drilling experience

Challenge Opportunities

Presenter Notes
Presentation Notes
KEY POINTS:
Geologic hydrogen can provide America with a new domestic energy source that helps address increasing demand and rising costs.
Successful extraction of geologic hydrogen resources will translate to business success for operators—from sales into domestic markets as well as exports to rapidly growing markets around the world.
This will be a highly competitive arena – foreign markets will see the same opportunities and will strive to find ways to do it better and cheaper.
Sustained leadership in RD&D is paramount to driving the innovation (including resulting patented technologies) needed for US industry to take and keep the lead.

REFERENCES:
Estimated amount (>5T tons): Ellis, G., Gelman, S., Model predictions of global geologic hydrogen resources. USGS December 2024 (https://www.usgs.gov/publications/model-predictions-global-geologic-hydrogen-resources)
Abundance (~1000 years global energy demand): 5.6 trillion tons of H2 contains about 6.72×10^17 megajoules of energy. Global energy consumption is about 650 Exajoules per year*. 
6.72×10^17 megajoules * (1 year / 650 exajoules) = 1034 years.
 * (1 year/650 EJ global energy consumption) IEA Global Energy Review 2025 https://www.iea.org/reports/global-energy-review-2025/global-trends
Cost (<$1/kg): Wicks, D., Geologic Hydrogen: A New Primary Energy Source …, ARPA-E May 2024 https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/review24/arpae000_wicks_2024_o.pdf?sfvrsn=46e68fd2_3 
USGS Prospectivity Map: https://www.usgs.gov/centers/central-energy-resources-science-center/science/mapping-prospectivity-geologic-hydrogen and https://energy.usgs.gov/hydrogen/ 
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Strategic Goals Potential RD&D Areas
• Demonstrate viable domestic 

geologic H2 production as cost-
effective energy resource

• Improve high-fidelity 
prospectivity maps and tools, 
in partnership with USGS and 
state geological surveys

• Accumulate field data for 
accurate technoeconomic 
analysis to validate projections 
of achieving ≤ ¢50 – $1.50/kg H2 

• Demonstrate operational 
promising pilot-scale 
integrated geologic H2 sites 
(natural and/or stimulated)

Key activities to build the 
foundation:

GeoH2 Workshop

Hosted by NLR to 
identify industry needs

Gap Analysis

Key RD&D areas to 
focus on

GeoH2 Roadmap 
Document

Strategy to enable 
GeoH2’s success

Cost Analysis

Understand impact of 
purity, flow rate, depth

•  Focus on H2 infrastructure (e.g., 
pipelines, material compatibility, 
compressors, bulk storage)

•  Safety, permitting, underlying 
analysis

•  Develop testing and reporting 
standards for geologic H2 
production

• Evaluate economic potential of 
enhanced rates of H2 production 
from geological resources

•  AFFO-HGEO coordination 
working group with regular meetings

Presenter Notes
Presentation Notes
KEY POINTS:
AFFO’s Geologic hydrogen strategy focuses on building the foundation for deployment through better resource mapping, field data, and technoeconomic analysis.
USGS has already developed the first publicly available geologic hydrogen prospectivity map for the contiguous United States, helping identify areas for further exploration. 
Potential RD&D will address the broader systems needed for deployment, including infrastructure, materials, safety, permitting, standards, and economics.
Ultimately, the goal is to move from resource characterization toward viable pilot-scale demonstrations and commercial potential.

Sources:
U.S. Department of Energy, Alternative Fuels and Feedstocks Office. H2IQ Hour: Geologic Hydrogen.� DOE – H2IQ Hour: Geologic Hydrogen
Gelman, S.E., Hearon, J.S., and Ellis, G.S. (2025). Prospectivity Mapping for Geologic Hydrogen. U.S. Geological Survey Professional Paper 1900. �USGS – Prospectivity Mapping for Geologic Hydrogen⁠
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GEOH2 COMPANIES

Even if a small fraction of the potential – say 2% – can be recovered, it could yield around 
100,000 megatons of usable hydrogen… that would be enough to supply the world’s energy 

needs more than 18 times over.
  – EFI Foundation

Economic Potential:
• U.S. extraction of even 0.1% of estimated global 

GeoH2 represents ~$4.5 trillion in value

• Low-cost hydrogen: by 2030, projected GeoH2 
recovery costs expected to equal or less than 
conventional SMR production costs

AFFO Highlight: Impact on U.S. Economy

Presenter Notes
Presentation Notes
KEY POINTS:
The potential impact of geologic hydrogen extends well beyond energy production, with opportunities for economic growth, job creation, and industrial revitalization.
The scale of the estimated resource points to significant potential for geologic hydrogen to contribute to future U.S. energy production and growth. Momentum is also building in the private sector, with the number of companies exploring geologic hydrogen growing rapidly in just the past several years.
If technologies can demonstrate cost-effective production at scale, geologic hydrogen could support new domestic industries and strengthen U.S. energy competitiveness.

Sources:
EFI Quote: EFI Foundation. “Exploring the Future of Geologic Hydrogen: Defining the Path Ahead.” June 2025, https://efifoundation.org/wp-content/uploads/sites/3/2025/10/EFI-Foundation-Report-Geologic-H2-Workshop.pdf ; based on: U.S. Energy Information Administration, “U.S. Energy Facts Explained: Data and Statistics,” last modified May 7, 2024, https://www.eia.gov/energyexplained/us-energy-facts/data-and-statistics.php
Low-cost hydrogen:  https://www.energy.gov/sites/default/files/2025-05/h2iqhour-04242025.pdf  (slides 24, 25)
Number of GeoH2 companies: based on informal internal DOE tracking, including, for example >109 companies indicated in the EFI Foundation report.
$4.5 trillion in value:  5 trillion metric tons *.001 = 5 trillion kg, at ~$.90/kg=$4.5 trillion
<3-year payback:  ARPA-E techno-economic assessments indicate  raw gas streams exceeding 60% purity drastically lower surface processing costs, enabling capital payback in under 3 years.[1] This aligns with U.S. DOE ARPA-E targets to bring wellhead geologic hydrogen extraction costs under $$1\text{/kg}$."
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Leveraging Domestic Infrastructure and Resources to Unleash Alternative Chemicals, Fuels, and Feedstocks

AFFO’s expected new $60M potential notice of funding opportunity (NOFO) will support RD&D of innovative technologies that 
harness existing domestic biomass, hydrogen, and pipeline resources to expand domestic energy production and distribution.

GOAL of Expected NOFO: Leverage existing U.S. biomass, waste, refinery, hydrogen, 
and pipeline resources to accelerate domestic production and commercialization of 

alternative fuels, chemicals, and feedstocks

Just Announced — AFFO Notice of Intent for Multi-Topic NOFO

Biointermediate Depots: Pilot production of 
intermediates from biomass and waste

Refinery Integration: Process alternative feedstocks 
using existing refinery infrastructure

Hydrogen/Natural Gas Blending: Pilot hydrogen 
blending in simulated gas distribution networks

Topic Areas

• $60M federal investment
• 3- to 5-year award duration
• Advances multiple alternative fuel and 

feedstock technologies

NOI Highlights

Presenter Notes
Presentation Notes
KEY POINTS:
We're excited to announce a $60 million potential NOFO to solicit proposals to advance innovative technologies that make better use of existing U.S. infrastructure and domestic resources—including biomass, waste, refineries, hydrogen, and pipeline systems.
The opportunity supports AFFO’s broader mission to accelerate technology commercialization while strengthening domestic supply chains, expanding U.S. energy production, and lowering production costs.
The anticipated NOFO includes three distinct topic areas that address different points along the production and distribution pathway.
Biointermediate Depots will focus on converting biomass and waste into intermediate products such as sugars, biocrudes, and bio-oils while demonstrating pilot-scale, distributed production.
Refinery Integration will explore using existing refinery and petrochemical infrastructure to process alternative feedstocks and accelerate commercialization.
Hydrogen/Natural Gas Blending will establish a near-commercial pilot environment to evaluate the reliability and scalability of hydrogen blending in natural gas systems.
Across all three areas, there is a common theme: using resources and infrastructure that already exist in the United States to reduce barriers to commercialization and accelerate deployment.
The anticipated awards would have a three- to five-year project period
Ultimately, this investment is intended to help create scalable domestic pathways for alternative fuels, chemicals, and feedstocks while strengthening U.S. energy security and competitiveness.
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Stay Connected with AFFO

Subscribe for AFFO updates and visit our website

DOE Internships & Fellowships – Learn More!

Partner with our 
DOE National Labs

CRADAs, Technical Assistance
Lab Partnering Service

Attend DOE/AFFO events, 
workshops & webinars

Peer Review Meeting – Week of April 19

Apply to AFFO/DOE Funding 
Opportunities

• Notice of Funding Opportunities
• Partnership Intermediary Agreements

Alternative Fuels and Feedstocks Office | Department of Energy

Presenter Notes
Presentation Notes
KEY POINTS:
There are several ways to stay connected with AFFO and engage with our work, from funding opportunities and events to partnerships with DOE National Laboratories.
For organizations interested in funding, we encourage you to continue checking DOE funding opportunities for current Notice of Funding Opportunities and Partnership Intermediary Agreements.
We also encourage you to participate in upcoming AFFO events, including our Peer Review meeting the week of April 19.
DOE’s National Laboratories offer another pathway for collaboration, and for early-career scientists and engineers, fellowship opportunities are also available.
Stay connected with AFFO by subscribing to our updates and visiting our website for the latest opportunities, resources, and office information.



https://www.zintellect.com/Opportunity/Details/DOE-STP-CMEI-AFFO-2026
https://labpartnering.org/
https://www.energy.gov/cmei/fuels/2027-affo-peer-review-meeting
https://www.energy.gov/cmei/fuels/alternative-fuels-and-feedstocks-office-funding-opportunities
https://www.energy.gov/cmei/fuels/alternative-fuels-and-feedstocks-office-funding-opportunities
https://www.energy.gov/technologycommercialization/doe-partnership-intermediary-agreement
https://www.energy.gov/technologycommercialization/doe-partnership-intermediary-agreement
https://www.energy.gov/cmei/fuels/alternative-fuels-and-feedstocks-office
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