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10 Years: Uncertainties in Fuel Dynamics



10 Years: Uncertainties in Policy



10 Years: Uncertainties in Players & Business Models



10 Years: Uncertainties in Technology Deployment

Coal comeback? Cleaner Natgas? 
Transforming Generation Asset Utilization & Longevity?

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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10 Years: Uncertainties of Radical Ideas (Retail Shelf) 



Utilities & Partners: 
Conversations on what we do not understand 



Four Futures Thinking 
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Describing the Four Futures for The Future of…
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Next StepsTransitions Ahead



Blockchain 
Hype vs Hope

Rethinking Role of Molecules: 

Distributed Energy Resources 
+ ‘Electric’ Vehicles 



Rethinking the 
Role of Molecules

2020 – 2030



Partial Story of Biggest Electrification Headlines

Solar on Rise 
Energy Storage 

Battery Revolution



Emerging Policies:
Decarbonization 
(Power Sector & Industry)



Lingering Scars vs Strengthening Signals  

DER Scenario: Natgas + Fuel Cells as Foundation for Transformation

Utilities exploring range of Distributed Energy Resources 
and Energy Infrastructure-as-Service Models 



NatGas + (Solid Oxide) Fuel Cells   =    Oil + Combustion Engine

21st Century 20th Century

The Simplicity of Electrochemical Conversion 



Story of New Energy Appliances: SOFCs (Solid Oxide) & PEM Fuel Cells  

100-home pilot program EU Passes 1,000 Installs; 

US Dealerships 

Factory Investments (20K/yr)

Construction Site Diesel 

Generator Alternatives 

PEM Fuel Cell 



Utility Debate:

Gas vs Power
Gas + Power 

Power Parks
63 MW Beacon Falls  

Utility Scale Solutions 



Role of Molecules

Pathways to 
‘Electrification’ 



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

Electrification of Vehicle Fleet 



Fuel-based EVs

Pathways to ‘Electrification’ include Electrons + Fuels 

Plug-in EVs Hybrid ICEs

Thinking Beyond 
Passenger Vehicles: 

Rail 
Marine  
Trucking 
Aviation/UAVs

Autonomous 
Last Mile / Micro 
Transit 
Robotics



Marathon, Not a Sprint 

… Elon Says Game-Over
Batteries have Won!

… but Industry betting on
integration & fuel-based EVs

More than three-quarters of 
executives (77% global; 85% U.S.) 
say fuel-cell electric mobility will be 
the real break-through for electric 
mobility.



BEVs ‘Have Won’ vs Limitations of All Electric Pathway

OEM Cost-to-X 
vs Daily Use Demand

Uptime for Fleets &
Recharging in Urban Markets

Full Costs of 
Grid Management

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

Daily Need = 40 miles



Total Grid Management Costs ‘Duck Curve’ to ‘Dragon Curve’ 

‘Duck Curve’ ‘Dragon Curve’ 



The Shared Strategy for Integration & Fuel-based EV Fleet



The Shared Strategy for Integration & Fuel-based EV Fleet
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Energy Storage – Beyond Batteries & Pumped Hydro

The Case for Power to Gas: Hydrogen is Not Dead 



Decarbonization Policy 2020s

Power to Gas (PtG) Delivers Scale & Versatility 

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



Innovation & Cost Curve 

PtG by Incumbents Who Do System Level Scaling

© Materials Research Society, 2017Katherine Ayers
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Decarbonization 
for Steel Making 

Cut CO2 by 25% by 2025

Remaining CO2 emissions by 2045

HYBRIT (Hydrogen Breakthrough Iron Technology) 

Utilities & Decarbonization of Heavy Industry 



2020 – 2030

Utilities Explore Fuel-based EVs & Integration of PtG

❑Grid Mgmt + Balancing 
❑Scaling Renewables 

(Duck Curves; Seasonal Storage; Curtailment)

❑Storage (Volume/Duration) 
❑Value Model for Industry Solutions
❑Reg Support to Integrate Gas + Grid
❑Decarbonize Heat & Industries
❑Fuel-based Solution for FCEVs



Blockchain 
Hype vs Hope



Implications of the blockchain cannot be understood… yet 



Access to 
Trusted Transactions

Access to 
Digital Files

Access to 
Social Networks

Evolution of the Web-based Capabilities & Solutions 



It’s just Decentralized Databases + Process Automation!

Assets enter ledger 
and generate keys

Network Consensus 
on who did what…

Smart Contracts execute legal 
agreements + business processes

‘Assets’ = Energy Usage Data, Bills, Appoints,
Crew Field Notes, Identity, Payment Information, 
Equipment Repairs… 

+



Grounded in Current Reality 

Blockchain Initiative Categories: 
❑Peer to Peer Transactions



Blockchain: Capturing Headlines, But Disruptive? 

Neighbor-to-Neighbor Energy Sales
Crowd-funding Community Energy Assets 
Economics for Behavior Change (Negawatts)



Grounded in Current Reality 

Blockchain Initiative Categories: 
❑Peer to Peer Transactions
❑BEV Infrastructure 



Shared Infrastructure for Recharging Stations



Grounded in Current Reality 

Blockchain Initiative Categories: 
❑Peer to Peer Transactions
❑BEV Infrastructure 
❑Grid Transactions 
❑Energy Financing 
❑Sustainability Attribution (Credits)



Sustainability Attribution Credits 

Utilities Help Commercial Customers Maximize Credits 

Crypto Currencies + Smart Contracts automate 
incentives for energy demand management

Utilities Issue NegawattsUnlocking Value

The Sustainable Sugar Project

Tokenization: Supply Chains & Operations:
Buy, Sell Trade Attribution Credits 



Every day I make an effort to move toward 
what I do not understand. 

- Cellist, Yo-Yo Ma 
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