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Discussion In the News Emerging Solutions for 
Deep Decarbonization 



In the News 



Refueling vs Recharging 
Electronic Devices 

Fuel Cells = Electrochemical Conversion 



True False

In mid-2019 Tokyo Gas will sell packets 
of green gas in 7-Eleven stores as fuel 
for portable micro fuel cells used to 
recharge devices. 



Dubai Testing Retail based Fuel Distribution for EV Scooters 



Science Journal

Northwestern
Image by Christopher Wilmer/NuMat Technologies)

High Surface Area Crystal Sponges

MOFs – Metal Organic Frameworks 

Bonus Slide – Learning about MOFs + 
‘Adsorption’ physical storage
My tags here 
http://diigo.com/user/garrygolden/MOFs

http://diigo.com/user/garrygolden/MOFs


Could fuel-based 
micro-power systems
be at same developmental stage 
as cell phones in mid 1990s?

Scenario: Embedded Power Plants + Retail-Shelf Distribution of Fuel



China Moving
Beyond Battery

2023 2025

Acquisitions in 
Portable Power 

2028

The Cordless 
Christmas

2030

Houses without 
Electrical Sockets

Vision: #1  
Fuel Distributors

Unplugging at 
Burning Man 

Renewables Moving Beyond Electrons to Molecules 

What could happen in 12 years? 

10:08 a.m.  21 Mar 2022



Embedded Fuel Cell Systems: Fuel Format, Access, & Competition

Global Access via 
Consumerization
Adoption Curves 

Pipelines/Wires  vs 
Retail Shelf Simplicity

Incentives to 
Manufacturers



Emerging Solutions for Deep Decarbonization In the News 



The Long March of Fuel Decarbonization 

Era of 
Combustion Energy

(ICE/Diesel; Combined-Cycle)

Era of 
Electrochemical Energy

(Batteries; Fuel Cells; 

Electrolysis; Solar Chemical)

Hydrogen

Ammonia

Biofuels / 
Synfuels 

Methanol



‘Electrification’ Strategy: Perceptions vs Reality



Richard Newell - CEO of Resources for the Future. 
Daniel Raimi - Senior Research Associate



Rethinking the 
Role of Molecules



Decarbonization 
of Power Sector 
(Stage Two)



Natgas + Fuel Cells (PEM; SOFC; MFC)  =    Oil + Combustion Engine

21st Century 20th Century



Micro CHP via Solid Oxide Fuel Cells = 21st Century Energy Appliance  

Peoples launches a 100-home pilot program EU Passes 1,000 Installs; US Dealerships 

Factory Capacity Investments (20K/yr)



Public Debates: 
Gas vs Power?
Gas + Power? 

Power Parks
63 MW Beacon Falls  



Engaging Incumbents in Decarbonization Compromise on Coal

Coal comeback? Cleaner Natgas? Asset Utilization?

Coal plant – no CO2 capture        500 MW      .06 ($/kWh)
90% amine capture                        400 MW      .11 ($/kWh)
90% CO2 capture w/ fuel cell      900 MW      .08 ($/kWh)
5% CO2 capture with fuel cell    522 MW      .06 ($/kWh)

(Source: Fuelcell Energy & ExxonMobil)
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Decarbonization of 
Transportation Fleets 

What will govt mandate…?
How will OEMs respond …?



Fuel-based EVs

‘Electrification’ of Vehicle Fleets – Electrons vs Fuels? 

Plug-in EVs Hybrid ICEs

Thinking Beyond 
Passenger Vehicles: 

Rail 
Marine  
Trucking 
Aviation/UAVs

Autonomous 
Last Mile / Micro 
Transit 
Indoor Robotics
Outdoor Robotics



BEVs ‘Have Won’ vs Limitations of All Electric Pathway

OEM Cost-to-X 
vs Daily Use Demand

Uptime & 
Recharging for 
Urban Markets

Full Costs of 
Grid Management

‘Duck Curve’ to ‘Dragon Curve’ Battery pack = 400 miles

Daily Need = 40 miles



The Case for Fuel Cell + Battery Integration 

25

o Long-term Cost Curve (kW) 

Battery $80-100 kW  (at volume)

Fuel Cells $20-30 kW (at volume) 

o Total Cost of Ownership plus 

Total Cost of System Management 

o Fueling Model Allows Scaling to Billions of Vehicles

o Preservation of Loose Coupling to Electricity Grid 

o Market Incentives for Existing Incumbents 





Decarbonization Requires a Shared Strategy for Supply Chains

Hydrail

Maritime 

Aviation / UAVs

Trucking



Decarbonization:
Energy Storage AND 
Versatility of Power to Gas (PtG)

Era of 
Electrochemical Energy

(Batteries; Fuel Cells; Electrolysis; Solar Chemical)

Hydrogen

Ammonia

Biofuels / 
Synfuels 

Methanol



Renewables    PtG - Scale & Versatility of Hydrogen
Will Natgas Sector Assume Role in H2-rich Fuels & ‘Renewable Gas’?



Power to Gas Gains Momentum with Scale & Versatility 

The National Fuel Cell Research Center's Research and Development on "Power-to-Gas"



PtG by Incumbents Who Do Scale, Versatility & Business Model Design  

© Materials Research Society, 2017Katherine Ayers

Solid 

Gas

Liquid 

Production Compression Storage 



Scenario: Natural Gas Expands into Hydrogen or Green Gas

Near Zero Loss 
Energy Conversion 



Source

Compact Hydrogen Generators via Natural Gas 

https://www.youtube.com/watch?v=QALbp7w_h5w


Decarbonization 
for Steel Making 

Cut CO2 by 25% by 2025

Remaining CO2 emissions by 2045

HYBRIT (Hydrogen Breakthrough Iron Technology) 



Global & Regional Stories of Decarbonization 
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