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1. Why hydrogen? Why now?

In part: See slide 5.  See slides 4,6,7 etc. plus 15

In part: this is sort of asking, why deal with Climate Change now.

2. What does the Hydrogen Hub Act aim to accomplish?

This is not my question to answer. My role is as a scientist; not to make policy. 

However, it supports the Federal Infrastructure bill.

In the Infrastructure Bill, H2 starts on page 577; the HUB call specifically starts 

on SEC. 813, page 580.

3. How would you respond to those who would characterize the Hydrogen Hub Act as a life line to NM's oil and gas industry, 

in that the Act would shift the industry's emphasis to grey or blue hydrogen without transitioning the state away from its 

dependence on oil and gas revenues?

My role is as a scientist; not to make policy.  I will try to answer technical questions.

However, I would suggest that the NM HUB act is NM legislation to help the state of NM and the industries within to 

work with the Federal government to transition to energy technologies that will decarbonize the energy infrastructure.

Renewable energy is growing.  However, fossil fuels will be used for the foreseeable future in tandem (in my opinion).  

Thus jumping from our current energy infrastructure to full renewable & hydrogen seems like a leap when you 

consider economics.  See graph.

Ned Stetson, DOE 2022 AMR

From: H. R. 3684 Infrastructure Investment and Jobs Act
‘‘SEC. 813. REGIONAL CLEAN HYDROGEN HUBS.

‘‘(a) DEFINITION OF REGIONAL CLEAN HYDROGEN HUB.—In this section, the term ‘regional clean hydrogen hub’ 

means a network of clean hydrogen producers, potential clean hydrogen consumers, and connective infrastructure 

located in close proximity.

‘‘(b) ESTABLISHMENT OF PROGRAM.—The Secretary shall establish a program to support the development of at least 

4 regional clean hydrogen hubs that—

‘‘(1) demonstrably aid the achievement of the clean hydrogen production standard developed under section 822(a);

‘‘(2) demonstrate the production, processing, delivery, storage, and end-use of clean hydrogen; and

‘‘(3) can be developed into a national clean hydrogen network to facilitate a clean hydrogen economy.

Questions



4. What is hydrogen’s role in the quest to decarbonize our economy?

See slide 5

5. Is there a risk that a push toward using hydrogen will distract from the pathways toward electrification of 

building heating, vehicle driving, and water heating?

In my opinion, these are coupled together and of mutual interest.

Electric vehicles include BEV and FCEV – both are EVs

6. Is there a way to use existing fossil fuel infrastructure - pipelines, power plants and the like - to create and 

move hydrogen?

In part, the answer is yes.  In part, the answer is that this is an area of study and projects.

7. How much of a role can hydrogen play in powering industries such as aviation, cement, steel, and others 

hard to convert to renewables?

See slide 5, and H2 projects.  

There are at least a couple of projects working on ~ commuter aircraft.  NASA explored airliners 

decades ago.  Germany has a demo plant related to steel.

Questions
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Biden Administration Targets CO2 Emissions April 22, 2021
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Conceptual H2 at Scale Energy System*
Decarbonize the Three Energy Sectors Simultaneously 

*Illustrative example, not comprehensive
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Hydrogen Earth Shot Summit: August 31 and September 1, 2021
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Operated by Triad National Security, LLC for the U.S. Department of Energy's NNSA

Range of Fuel Cell vs. Battery
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Advantages: energy density (up to >6000 Whr/kg based on fuel, 

batteries up to 150 Whr/kg), refuel versus recharge
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Major Auto OEMs Developing PEM Fuel Cells

Daimler, Nissan, Toyota 

have shown similar 

strategies

~ All major auto companies 

have fuel cell vehicle 

programs including above, 

plus BMW, Volkswagen, 

Ford, Honda, Hyundai, ….



Fuel Cell Technologies Office | 12

*Compared to 2035 gasoline vehicle
**Compared to 2012 gasoline vehicle

FCEVs Reduce Greenhouse Gas Emissions

Substantial GHG reductions with H2 produced from renewables

2012 Gasoline

Gasoline

Distributed NG

NG (Central) with 
Sequestration

Coal Gasif. (Central) 
w/ Sequestration

Biomass Gasif. 
(Central)

Electricity from 
wind

Well-to-wheels CO2 emissions/mile>50% 
with H2 from 
Distributed 
Natural Gas*

>80% 
with H2 from
Renewables*

(Wind)

>90% 
with H2 from
Renewables**

(Wind)

Source: http://hydrogen.energy.gov/pdfs/13005_well_to_wheels_ghg_oil_ldvs.pdf

H2 from:

Advanced 2035 technologies

TODAY

http://hydrogen.energy.gov/pdfs/13005_well_to_wheels_ghg_oil_ldvs.pdf
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Zero-Emission Vehicles Legislation
• Norway 2025, Denmark 2030, Netherlands 2030, Sweden 2030, India 2030, France 2040, United 

Kingdom 2040, Sri Lanka 2040, China (no date set), Canada - British Columbia (2040). In the United 
States, municipalities such as Seattle (2030) and Los Angeles (2030) have announced bans.  

• California initially announced Zero-Emissions Trucks – June 2020.  

• California rapidly expanded it to cars after the California wild-fires – September 2020.

September 2020
June 2020





Hybrid vehicles:

• 4.9 percent

BEV market share:

• 1.5% in 2020

• 2.3 - 2.5% in H1 2021

• one in 40 new cars 

Biden pushes for 

electric vehicles to 

make up half of U.S. 

auto sales by 2030



Kurt Wellenkotter, General Motors, 232rd Meeting of the Electrochemical Society (2017)
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Hydrogen for Transportation: Fuel Cell Vehicles

Target Comparison between Light- and Heavy-Duty

 Heavy-duty market is a critical market for reducing energy consumption and emissions

Medium- and heavy-duty trucks consume 25% of the total annual vehicle fuel use and produce 23% of the total CO2 emissions 

in the US today

 Annual freight truck miles traveled is projected to increase by 54% by 2050. 

David A. Cullen, K. C. Neyerlin, Rajesh K. Ahluwalia, Rangachary Mukundan, Karren L. More, Rodney L. Borup, Adam Z. Weber, Deborah J. Myers & Ahmet Kusoglu, Nature Energy, 2021 

Busses and Trucks can operate with more 

limited refueling infrastructure because 

of predictable routs
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Brian Lindgren,  Kenworth Truck Company, California Hydrogen Business Council (CHBC), April 14, 2020
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Alan Mace, Ballard Power Systems, California Hydrogen Business Council (CHBC), April 14, 
2020
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For Sale

For Lease

Honda Clarity

X
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General Motors, Daimler, Volkswagen, Ford, Nissan, BMW, SAIC
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Heavy-Duty Trucks &  Buses

Toyota, Hyzon, Nikola, Cummins, 

Ballard (Supplier) 



Los Alamos National Laboratory

Fuel Cell R&D at Los Alamos
Rod Borup: Borup@lanl.gov

• One of longest running non-weapons programs at 
LANL (since 1977)

– The first fuel cells for transportation program

• The current DOE HFTO program grew out of the 
original Los Alamos program

• LANL has the top world-wide citation record in 
Fuel Cell R&D

• Cost and durability remain the biggest barriers to 
commercialization

• Program focus is obtaining fundamental 
understanding to enable “knowledge-based 
innovation,” and subsequent materials and process 
development

• Scientists with over 200 years of experience related 
to fuels cells and over 25 Ph.D.’s 

LANL’s innovation in fuel cells technology has played a critical role in the technical viability of 

fuel cell stacks for FCEVs. 

 Every Fuel Cell Vehicle relies on technology developed at  LANL

Gemini spacecraft 



Los Alamos National Laboratory

Summary Comments and Opinions

• Huge (recent) interest in H2

• Comments on CO2 Reduction

• Comments on Economic competitiveness

• LANL Movement on H2

• Infrastructure Bill

• $8B for 4 H2 HUBs

• New Mexico Interest in H2

• Ca’s Hydrogen Highway

• Nikola’s Business Plan

• Coupling vehicle sales and H2
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Back-up Slides
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H2 and Water

Section 3. Hydrogen Hub Act – Standards. 
1. For the purpose of compliance with this Act, qualifying hydrogen and clean hydrogen shall meet the following carbon 
intensities: a. Upon the effective date of the Act, qualifying hydrogen means hydrogen produced with a carbon intensity equal 
to or less than nine kilograms of carbon dioxide equivalent per kilogram of hydrogen produced. As of July 1, 2024, qualifying 
hydrogen means hydrogen produced with a carbon intensity equal to or less than seven kilograms of carbon dioxide equivalent 
per kilogram of hydrogen produced. As of July 1, 2026, qualifying hydrogen means hydrogen produced with a carbon intensity 
equal to or less than five kilograms of carbon dioxide equivalent per kilogram of hydrogen produced. As of July 1, 2028, 
qualifying hydrogen means hydrogen produced with a carbon intensity equal to or less than three kilograms of carbon dioxide 
equivalent per kilogram of hydrogen produced. After July 1, 2030, the secretary of the Environment Department may, through 
administrative rule, lower the carbon intensity of qualifying hydrogen for a period of two years. Hydrogen meeting the 
definition set forth herein shall qualify for certain incentives as set forth in this Act provided the hydrogen molecule is not 
directly derived from fresh water. 
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Electrolysis

• Consumes 27 gallons of water as a feedstock and coolant for every kilogram of 
hydrogen that is produced using an electrolyzer that has an efficiency of 75%.

• A Toyota Mirai fuel cell car holds: 5.6 kg H2

o So ~ 151 gal H2O per full car refill  (1 gal = 3.79 kg)

– Average refill is actually close to 3 kg H2

• Roughly 80% of hydrogen refueling stations now have a capacity of 150 to 200 
kilograms of hydrogen.

o 5400 gal H2O per station at 200 kg

o (Obviously) Water consumption depends upon H2 consumption 

• 520-MW coal-fired power plant uses about 12 million gallons of water per hour.





Hyzon – Retrofits vehicles for fuel cells
Concentration on HDV and Full-Sized buses



Ballard



For a 200 kg a day generation, storage and dispense system for 
both 700 and 350 it is @3 million USD
For 400 a day 4 mil USD.
If these numbers are in your range I can provide more details.

Generation is SMR tech, feedstock natural gas
Note: Toyota Mirai holds 5.6 kg H2

<dan.poppe@oneh2.com>

ONEH2

Photograph of LANL 
HCD in operation, on 

location at H2F

Sulphur and odorants are trapped in a vessel with 
catalysts. Changed every 6 months to a year depending on thru 
put.

mailto:dan.poppe@oneh2.com


SimpleFuel
SimpleFuel is our prize winning refueling system that we 
installed at the DC station at NPS’s Brentwood. The cost vary 
but I am told a ~$300k/ year lease is possible. Its an electrolysis 
system producing 2-5 kgs/day



Toyota:
Regarding Colorado, we are focused on education/outreach to establish policies to support H2 refueling stations (HRS) with a near-term goal 
of getting a few HRS built to support pilots that would demonstrate the technology and its potential – we have found that “seeing is 
believing” when it comes to H2/FCEV. These activities are intended to garner support (from local government and private companies / 
investors) for a broader HRS rollout that would enable high-volume deployment of FCEVs. Starting from a point of zero awareness of 
H2/FCEV 1-2 years ago, these efforts have built significant momentum behind H2, including:

•Colorado Hydrogen Network

• Non-profit that convenes companies, local governments, and universities interested in H2 to facilitate education and networking 
amongst members as a means of fostering H2 pilot project development

•Colorado Motor Carriers Association working group

• CMCA recognized the critical need for H2/FCEV technology to take trucking ZEV in CO and convened this group consisting of CMCA 
members, various Colorado state regulatory agencies, and private companies interested in H2 deployment (e.g., Xcel Energy, Toyota)

• Working group helps guide CMCA’s strategy for H2/FCEV advocacy in medium-/heavy-duty trucking applications, including educating 
CMCA members, engaging with state legislators and regulators, etc.

•Current legislative proposals

• Massive transportation bill that would unlock ~$700M for refueling of BEVs and FCEVs – narrative has shifted in CO away from 
ZEV=BEV to ZEV = BEV & FCEV with recognition that both technologies are needed to decarbonize transportation

• Separate bill that would provide ~$5M/year funding for H2 stations

•H2 infrastructure pilots

• New Day Energy (startup) is collaborating with Colorado State University to establish a publicly-accessible demonstration HRS on
CSU’s campus in Fort Colins

• Roaring Fork Transit Authority (RFTA) is actively seeking grant funding to build an HRS at their facility to support deployment of FC 
buses

• Xcel Energy is the largest utility in CO and has been vocal about supporting H2 production and distribution – no concrete activities 
publicly disclosed yet, but it sounds like they are seriously considering a multi-MW electrolyzer deployment in CO in the near future



Toyota:
Regarding the General Services Administration, I think we have investigated participating in it previously, but ultimately 
decided against it at the time (of the major automotive companies, Toyota has one of the lowest % fleet sales). Your 
recommendation is great and I think we should reevaluate internally whether our previous conclusion is still valid. That 
said, I do not think anything would preclude us from working through the Toyota of Santa Fe dealership to provide FCEVs 
to Los Alamos.
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Show & Tell

• Several versions of Fuel Cell Stacks

o MicroWatt Power

o Watt Power

o Small stack parts (plates, gaskets)

• Cells from commercials stacks (kilowatt power)

• Membrane

• Membrane – Electrode – Assembly (MEA)

• Catalyst (?)



Strong record of national and international collaborations 
with other labs, academia, and industry

Rodney Borup (co-lead with LBNL) 

Million Mile Fuel Cell Truck (M2FCT)

• Enhancing the performance and durability of polymer electrolyte 

membrane fuel cells while simultaneously reducing their cost

• Demonstrate world-class improvements in fuel cell performance 

and durability that exceed the targets set by the U.S. DOE

• International collaborations: EU funded IMMORTAL, ID-FAST, 

Japan FC-CUBIC

Piotr Zelenay (co-lead with ANL)

ElectroCat 2.0: Energy Materials Network Consortium

• Accelerating development and deployment of platinum group

metal-free electrocatalysts in fuel cells and electrolyzers

• Systematic approach combining experiment, theory, machine

learning (ML), high-throughput and combinatorial techniques,

advanced materials characterization

• International collaborations: PEGASUS, CRESCENDO, IFCC, 

universities (including in France, Germany, Israel, Italy, Poland)

10
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Los Alamos Interacts Heavily with other National Labs and Industry
Partners for Million Mile Fuel Cell Truck (M2FCT) Consortium

• Heavy duty MEA • High temperature membrane

Domestically manufactured stacks 

Primary Laboratories Affiliate Laboratories



Los Alamos National Laboratory

Fuel Cell People
• Expertise from Chem. Eng., Chemistry, Material Sci., Mech. Eng. & Physics 

• Scientists with over 200 years of experience fuels cells and over 25 Ph.D.’s 

People
Fuel Cell Program has an 

extensive record of  students and 

post-docs

Funding
• DOE EERE HFTO
• (Energy Efficiency and Renewable Energy 

– Hydrogen Fuel Cell Technologies Office)

• NNSA

• ARPA-E

• CRADAs

• LDRD 

• OE 

• BES
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Components: Polymer Electrolyte Membrane Fuel 
Cell (PEMFC)

Membrane: Perflourosulfonic

acid (10 – 25 micron)

Catalysts:

Anode: Pt 

Cathode: Pt, PtCo, PtNi …

Catalyst Support: Carbons 

Gas Diffusion Layer: Carbon 

fiber with micro-porous layer

Bipolar Plate: Carbon 

Composite, Coated Metal

Carbon-Black Agglomerates (~0.34 mm)

Ionomer Membrane

Anode GDL

Cathode GDL

Anode Flow Channel

Cathode Flow Channel

H2O

Load

H+ e-

Cathode Electrocatalyst Layer

Anode Electrocatalyst Layer

Air (O2)

H2

MEA{

H H e2 2 2  

4 4 22 2H e O H O   

Pt Particles (~3-5 nm)
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Well-to-Wheels Greenhouse Gases Emissions for 2035 Mid-Size Car
TODAY



Los Alamos National Laboratory

Fuel Cell R&D at Los Alamos

Breakthrough MEA: Membrane Electrode Assembly
• longest running non-weapons 

programs at LANL (since 1977)
– The first fuel cells for transportation 

program

• The current DOE HFTO program 
grew out of the Los Alamos program

• Primarily polymer electrolyte 
membrane (PEM) technology 

• Cost and durability are biggest 
barriers to commercialization

• Program focus is obtaining 
fundamental understanding to 
enable “knowledge-based 
innovation,” and subsequent 
materials and process development


