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DoE expects a 5x increase in Hydrogen demand by 2030

• 10 million metric tons consumed in US annually

• 50 million metric tons expected by 2030

• 500 million metric tons globally by 2050 

Forecast for Hydrogen Production



Global Energy Demand Outlook 2050
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US Energy Information 
Administration estimates 
energy demand to grow 
by 57% 

Electricity demand to 
grow 75%

Petroleum energy to 
grow 42%

Natural Gas to grow 
57%

Coal energy to grow 
20%

CO2 emissions to grow 
but at slower pace



US Green Energy Outlook 2050
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Current Capacity ~ 480 GW

Nuclear ~ 97 GW

Renewables - wind and solar ~ 383 GW

Future Capacity ~ 2304 GW

Nuclear ~ 300.0 GW

Renewables - wind and solar ~ 2000 GW

Present Future 
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Under current laws 
renewables and nuclear 
will constitute up to 95% of 
newly installed power 
generating capacity 

Let’s use Hydrogen to 
create clean burning, zero 
emission Virtual Power 
Plants! 



What is a Virtual Power Plant?
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Small electric power 
producer, distributed 
around the community

Operated by 
commercial, 
residential owners

Sell surplus energy on 
demand when grid 
has under supply

Enhances grid 
resiliency as a backup 
power source

Can use zero 
emissions hydrogen 
fuel-cells 

Can use Hydrogen as 
stored power for 
power on demand



VPP benefit to Power Companies
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• Power on demand through  “Grid Sell Feature”

• Reduce fossil fuel “peaker plants”

Virtual Power Plants 
(VPP) as grid backup 

can:

• Uninterrupted power supply for essential business, govt., 
& health care

• Stop productivity and financial loss due to power outages

Critical infrastructure 
needs maximum uptime 

• No CAPEX to buy or maintain the VPP

Because VPPs owned & 
operated by consumers 
or private businesses



VPP benefit to the Consumer?
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Generate power at 
point of load -

eliminating 
transmission losses

Self generation 
eligible for tax 

credits

Self generation 
reduces overall 
demand on grid 

power

Reduce carbon 
footprint and meet 
sustainability goals

Helps meet net-
zero CO2 goals by 

burning clean 
Hydrogen

Empowers 
individuals to meet 

their own power 
needs



Hydrogen Fuel Cell Operational Overview
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Among the most common type of Fuel Cell is Polymer Electrolyte 
Membrane (PEM)  

PEM is sandwiched between the electrodes Cathode and Anode

Both Cathode and Anode are plated with Catalytic Layers mostly Ni 
and Pt respectively

High purity Hydrogen undergoes Electrochemical Reaction at Anode 
and is split into Electrons and Protons (H+)

While electrons flow through external load as Electric Current, 
Protons flow through PEM towards Cathode

Recombinant Electrochemical Reaction takes place at Cathode 
where Protons and Electrons combine with Oxygen from Air to 
produce Water Vapor and Heat as byproducts



Hydrogen 
Fuel Cell 

Component 
Overview
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Hydrogen Fuel Cell as Virtual Power Plant
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Hydrogen Fuel Cell Behind The Meter
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Hydrogen Fuel Cell Overview
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Hydrogen Fuel v/s Other Renewables
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• Power Generation Capacity / Sq-ft: 200W
• Efficiency: 21% to 27%
• Useful Life: > 25 Years
• Installation Cost / kWh (Storage not 

included) : > $2500
• ROI period:  >  8 Years ( No curtailment)
• Cost of Electricity Production / kWh: < 

$0.01 
• Levelized Energy Price / MWh: $80.00

• Power On Demand: No

• Power Generation Capacity / Turbine :  3MW
• Efficiency: < 40%
• Useful Life ~ 15 Years with adequate 

maintenance
• ROI period: > 12 years (No curtailment)
• Cost of Electricity Production / kWh: $0.048 to 

$0.026 (16 to 20.8 mph winds)
• Project Cost Land-based / kWh: $1200 to $1800 
• Project Cost Off-Shore / kWh: $3,500 to $4000
• Annual Maintenance Costs / kWh: $0.01 to 

$0.02 
• Levelized Energy Price (land-based)/ MWh: 

$39.00
• Levelized Energy Price (fixed bottom off-shore) 

/ MWh: $95.00
• Power On Demand: No

• Power Generation Capacity / Fuel 
Cell 4kW to 275kW

• Efficiency >  60%
• Useful Life: > 20 Years
• Cost of  Fuel Cell Stack  / kWh: 

$200.00 
• Annual Maintenance Costs / kWh: 

< $0.01
• Levelized Energy Price/MWh:  

$100.00
• Power On Demand:  Yes

Grid
Wind  Turbine

Transformer 
Switchgear



Where do we get the Hydrogen?

Water Electrolysis

Ammonia

Methane (Natural Gas)

Biowaste using a Biodigester 

Gasification of Landfill Waste

Animal Waste

Ambient Air Water Vapor



• Gray – Steam Reformed 
from Natural Gas

• Blue – Steam (Natural Gas) 
with Carbon Capture

• Green – Electrolysis from 
Renewable Energy

• Black – Gasification (Coal)

• Pink – Electrolysis from 
Nuclear

• Gold – Naturally Occurring

Colors of Hydrogen
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Uses of Hydrogen

• Hydrogen can be used for 
• Generating Electricity

• EV Charging where Grid is 
maxed out

• Transportation - auto & 
commercial vehicles

• Industrial Uses –
• Ammonia 

• Oil and Gas Production

• Clean Steel Production
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Someone Like you is already doing it!
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Walmart Corporation

Pilot program to put hydrogen microgrid in 4 stores in Florida

Need uninterrupted power 

The sooner Walmart can open after a disaster, the sooner the 
community can start recovery efforts - Food, water, clothing, supplies, 
etc.

Power outage in Louisiana caused $1 million loss of cold food groceries

Police had to secure dumpster when looters were raiding them for rotten 
food



Depoe Bay, Oregon 

• Transmission lines between the town and dam 
damaged during a storm 

• Power outage for the town lasted for 5-7 days

• City Council said, “make sure this never 
happens again!” 

• Buying a hydrogen microgrid for grid resilience
placing critical town infrastructure on 
uninterrupted power

• Going to make hydrogen for sale with curtailed 
power from hydro-plant

• Additional revenue stream of $40,000 per 
month from hydrogen sales

• Electrolyzer uses surplus off-peak power 
while demand is low
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Solutions From BWR Innovations – Peak Shaving
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PEAK SHAVING -
AVOIDS USING GRID 

POWER WHEN PRICES 
ARE HIGH

SWITCH TO 
HYDROGEN 

MICROGRID POWER 
PEAK DEMAND

SWITCH BACK TO GRID 
POWER WHEN PRICE 

IS LOW



Solutions From BWR Innovations – Uninterruptible Power
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No loss of 
power

Inverter transfers 
to battery power 
in 4 milliseconds

Switch to battery for short 
outage 12-24 hours

Switch to hydrogen fuel cell 
for multi day outage



Solutions From BWR Innovations – Stationary  Power
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• Being installed @ Hickam Air Force Base

• 600kW Hydrogen Fuel Cell power 
production

• 1MW electrolyzer to turn solar energy 
into Hydrogen

• Uninterrupted power on demand

• Deployable at any location

• Scalable to meet variable demand

• Modular design for any application



Thank 
You!
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www.bwr-innovations.com

www.oncoreenergy.com

Dr. James Leiman

james@growing4success.com

http://www.bwr-innovations.com
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