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Transform  World’s 

Largest  Industry 

 

 

•  Quickly 

•  Prudently 

•  Profitably 

~  85 % fossil   

~  100% renewables,  

 CO2-emissions-free 



Transform  World’s 

Largest  Industry 

 

 

 

Run the World  

on Renewables -- 

Including some nuclear ? 



Annual Income 

Capital 



Must be far  more  
Ambitious: 

  
•  Renewables  industry 
•  Hydrogen  industry   
•  Beyond  electricity  systems 
•  Transportation  +  CHP fuels 
•  Run the World on Renewables 
•  ~ 100 % CO2-emissions-free energy 



California, Year 2050, both: 
•  Electricity  RPS   
•  “ 80 in 50 “ Transport fuel 

 
•    210 GW wind = 35 times Year 2015 installed 
 wind - electricity capacity in CA 
 

PLUS 
 

•   230 GW solar = 19 times Year 2015 installed  
 solar - electricity capacity in CA 
 
 Total = 438 GW nameplate  

•  wind + solar + other 
•  CO2-emissions-free energy 



Year 2050  Electricity +  Hydrogen 
Transportation  Fuel,  California will need : 

 



Hydrogen Transportation Fuel Demand 
California, year 2050  

Million metric tons per year: 

Light Duty Vehicles (LDV)  3.6 

Trucking     1.6 

Bus      1.4 

Aviation and Other   0.8 

Total      7.4 
 

 Source:  
Interpret and extrapolate from several papers by  
ITS-STEPS, UC Davis 



Solar  Hydrogen  Energy  System 

Sunlight  from 

local  star 

Electrolyzer 
Fuel  Cell 

Electricity Electricity 

Work 
H2 

O2 



“ There’s a 
better way to 
do it…  Find it ” 

Thomas  Edison 



Renewables  to  Electrochemical  energy:  H2,  NH3 

CHP:  Combined 

Heat and Power 



Grid delivery:  Complex & Costly Infrastructure 



1 MW solar inverters 



Dedicated to Hydrogen Production 

No Electricity Grid connection 



1 MW PEM Stack 
Electrical Power Input 1.5 MW (overdrive) 

Hydrogen Output 285 Nm3/h 

Max. Operating Pressure   40 bar (g) 

Certifications  PED (97/23/EC) 

The New Benchmark in Electrolysis 





Dedicated to hydrogen production 

No electricity grid connection 



Dedicated to Hydrogen fuel production 

No connection to electricity grid 

Electrolysis plants 

Hydrogen gathering 

pipeline to 

transmission pipeline 



Sonnedix  15.5 MW      Salinas,  Puerto Rico  

40,000  MWh / year @ 30 % CF 

50 kWh / kg Hydrogen fuel 

815,000 kg / yr Hydrogen fuel 

 $ 7.3 M / yr @  $ 9.00 / kg 

 $ 3.3 M / yr @  $ 4.00 / kg 



CSP Thermal Energy Storage:  molten salt  ~ 6 hours 



CSP Thermal Energy Storage:  molten salt  ~ 6 hours 



DESERTEC:  PV + CSP via  Hydrogen  and  Ammonia  Pipelines 



Multi-kW  PV – to – Hydrogen ? 
 

DER:  Distributed Energy Resources 
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CA “Duck Curve”: solar overgeneration, steep ramp 

CA  Independent  System  Operator  -  CAISO 
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Hypothetical: 

100 % Renewable Electricity System in Minnesota 

Avoid  curtailment:  large storage 

 

January  Week:  Electricity 



“ There’s a 
better way to 
do it…  Find it ” 

Thomas  Edison 



UC Davis – ITS – STEPS         Joan Ogden, et al 
Institute of Transportation Studies – ITS 
Sustainable Transportation Energy Pathways – STEPS 



Institute of Transportation Studies (ITS) 
Sustainable Transportation Energy Pathways (STEPS) 

University of California, Davis  (UC Davis) 

•  Dan Sperling 
•  Joan Ogden 
•  Lew Fulton 
•  Chris Yang 

•  Mark Delucchi 
•  Yueyue Fan 
•  Susan Handy 
•  Sonia Yeh 



California, Year 2050, both: 
•  Electricity  RPS   
•  “ 80 in 50 “ Transport fuel 

 
•    210 GW wind = 35 times Year 2015 installed 
 wind - electricity capacity in CA 
 

PLUS 
 

•   230 GW solar = 19 times Year 2015 installed  
 solar - electricity capacity in CA 
 
 Total = 438 GW nameplate  

•  wind + solar + other 
•  CO2-emissions-free energy 





Hydrogen Transportation Fuel Demand 
California, year 2050  

Million metric tons per year: 

Light Duty Vehicles (LDV)  3.6 

Trucking     1.6 

Bus      1.4 

Aviation and Other   0.8 

Total      7.4 
 

 Source:  
Interpret and extrapolate from several papers by  
ITS-STEPS, UC Davis 
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California Wind and Solar:  2015  →  2050 
Electricity  +  Transportation 

Wind Solar Total 

2050 = 20 times 2015.  Enough roofs and land in CA ? 



New, dedicated, high-purity, underground 
hydrogen pipeline network for gathering and 
transmission, “packing” storage, and 
distribution 



As California goes: 
 

•  2050:   RPS  +  “80 in 50” 
•  USA  ? 
•  World  ?  

Far  More  ambitious: 
 

•  Renewables  industry,  OEM’s 
•  Hydrogen  industry,  OEM’s 
•  Beyond  electricity  systems 
•  Transport  +  CHP fuels 
•  “ Run the World on Renewables “ 
•  ~ 100 % CO2-emissions-free energy 
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Greenhouse Gas Pollution (Light duty vehicles only)

 (Billion/ tonnes CO2-equivalent/year)

1990 LDV GHG 

Level

GHG Goal: 60% below

 1990 Pollution 

GHG Goal: 80% below 1990 

Pollution

 Fuel Cell

Vehicle Scenario

Ethanol Plug-In

 Hybrid Scenario

Gasoline Plug-In 

Hybrid Scenario

PHEVs

Base Case:

Gasoline Hybrid

Scenario

100% Gasoline

ICVs

H2 ICE HEV

Scenario

BEV

Scenario

CA:  80%  below  1990  by  2050,  CO2  from “cars” 

Sandy Thomas  ~ 2008 



Hydrogen  Fuel  Cell  Bus 



Toyota  Mirai  Fuel  Cell car:  Hydrogen fuel only 

Toyota:  
 

 Will not make BEV’s:   “...  in short range vehicles ...“ 



Mercedes-Benz B-class Fuel Cell car 

“ No one will make money on electric 

cars in ‘reasonable time’  ” 

 

Dieter  Zetsche,  Mercedes  CEO 

Mercedes-Benz - Ford 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.clutchd.com/2009/08/mercedes-benz-sends-their-new-fuel-cell-b-class-into-production.html/&ei=FtlLVd3oM8P1oASc34CwCw&bvm=bv.92765956,d.cGU&psig=AFQjCNEKn2kq-38LwrOsgUPgHsKNLa_n_g&ust=1431120533853660


Honda Fuel Cell car 

2016  production ? 

Honda - GM 



Hyundai  Tucson  Fuel  Cell 



Elon Musk, Tesla Co-Founder, CEO, and Product Architect  

“Hydrogen is an incredibly dumb … fuel” 

Fuel cell cars “are extremely silly” 

“… fuel cell is so bullshit …” 

550 kg battery 



Year  2050 
California  both: 

 
RPS: 80% renewable 
 
Transport: “80 in 50” 
 
80% reduction in CO2 

emissions from 
transport sector 

below 1990  
by 2050 



Transportation 
sector 

 
 
• Light duty vehicles (LDV) 
• Goods movement (truck) 
• Bus 
• Aviation 
• Rail 
• Marine 
 
 



CA  Annual LDV Hydrogen Transportation Fuel,  2050 

3.65 MMt / year ---- 

LDV = Light Duty Vehicle 



California trucking:  “Goods movement” 

H2 



47 
California  and USA Trucking  --  Year 2050 

CA:  ~ 1.5 billion kg Hydrogen to replace diesel  = ~ 1.5 MMt / year  



California  Hydrogen  Fuel  production 



Year 2050  Electricity +  Hydrogen 
Transportation  Fuel,  California will need : 

 



Hydrogen Transportation Fuel Demand 
California, year 2050  

Million metric tons per year: 

Light Duty Vehicles (LDV)  3.6 

Trucking     1.6 

Bus      1.4 

Aviation and Other   0.8 

Total      7.4 
 

 Source:  
Interpret and extrapolate from several papers by  
ITS-STEPS, UC Davis 
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California Wind and Solar:  2015  →  2050 
Electricity  +  Transportation 

Wind Solar Total 

2050 = 20 times 2015.  Enough roofs and land in CA ? 



Emeryville – AC Transit 

Cupertino 

Foster City 

Mountain View 

*West Sacramento 

Open 

In Development 

Northern CA 
Hydrogen Stations 

January 2015 

Managed by BKi 

Campbell 

Hayward 

Mill Valley 

Oakland 

Palo Alto 

Redwood City 

*Rohnert Park 

San Jose 

San Ramon 

Saratoga 

South San Francisco 

*Truckee 

Woodside 

 

*Not shown on map 

CA: 100 stations 



California Fuel Cell Partnership 

www.cafcp.org/stationmap 

Southern CA 
Hydrogen Stations 

Burbank 

Fountain Valley – OCSD 

Irvine – UC Irvine 

Los Angeles - Harbor City 

Newport Beach 

*Thousand Palms – SunLine Transit 

Torrance 

Anaheim 

Chino (upgrade) 

Diamond Bar (upgrade) 

Irvine - UC Irvine (upgrade) 

Irvine - Walnut Ave. 

Lawndale 

Los Angeles – Cal State LA 

Los Angeles - West LA 2 

Los Angeles - Woodland Hills 

Los Angeles - Beverly Blvd. 

Mission Viejo 

Redondo Beach 

San Juan Capistrano  

Santa Monica 

Open 

In Development 

*Coalinga 

Costa Mesa 

La Canada Flintridge 

Laguna Niguel 

Lake Forest 

Long Beach 

Los Angeles – LAX (upgrade) 

Los Angeles - Lincoln Blvd. 

Los Angeles - Hollywood Blvd. 

Ontario 

Orange 

Pacific Palisades 

*Riverside 

*San Diego 

*Santa Barbara 

South Pasadena 

 

 *Not shown on map 

CA: 100 stations 



Germany Hydrogen Fuel Stations 2023 

54 

Partners: 

 Air Liquide  Shell 

 Daimler  Total 

 Linde   OMV 

 

Targets: 

 100 by 2017 

 400 by 2023 

 € 350 million invest 

 90 km max spacing on freeways 

 



 

Japan: Hydrogen Society has begun! 

100 Fueling Stations 2015      Iwatani 



If your only tool is a hammer … 

If your only product is electricity … 



The world looks like wires 



Suboptimal ? 

Opportunity cost 



 

  US $ 45  trillion 

  New energy infrastructure invest 

  By 2030  

  Wires or H2, NH3 pipelines ? 



Danger 

Error 



Far  more  ambitious: 
 
 

•  Hydrogen  industry 
•  Renewables  industry   
•  Beyond  electricity  systems 
•  Transportation  +  CHP fuels 
•  Run the World on Renewables 
•  ~ 100 % CO2-emissions-free energy 



World 

Primary  

Energy  

Consumption 

BP 

Energy 

Outlook 

2035 

 
January ‘14 

Billion tons of oil equivalent  (toe) 
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CA “Duck Curve”: solar overgeneration, steep ramp 

CA  Independent  System  Operator  -  CAISO 
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 California’s  surplus renewable generation  

64 

Do Not  C i te  

For  I l lus t ra t ive  Purposes  Only  

Curtailed? 

Storage and DR 

40% RPS 

50% RPS 

33% RPS 

Source:  Adapted from + Valuing Storage, Eric Cutter, Energy + Environmental Economics – October 2013 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=s5_yN_ep_3lIeM&tbnid=9RQ-3fbM8qDOpM:&ved=0CAUQjRw&url=http://photos.prnewswire.com/prnh/20111124/sf12404logo/ENERGY-AND-ENVIRONMENTAL-ECONOMICS-INC-LOGO&ei=XJJUUo_zNu_qiwKUjYC4Ag&bvm=bv.53760139,d.cGE&psig=AFQjCNEUVCU5kZr_TIYFI2Gj3g5BEDtSmA&ust=1381360597978629


Hypothetical: 

100 % Renewable Electricity System in Minnesota 

Avoid  curtailment:  large storage 

 

January  Week:  Electricity 



Transform  World’s 

Largest  Industry 

 

 

 

Run the World  

on Renewables -- 

Including some nuclear ? 



“ There’s a 
better way to 
do it…  Find it ” 

Thomas  Edison 



Annual Income 

Capital 



Solar  Hydrogen  Energy  System 

Sunlight  from 

local  star 

Electrolyzer 
Fuel  Cell 

Electricity Electricity 

Work 
H2 

O2 
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California Wind and Solar:  2015  →  2050 
Electricity  +  Transportation 

Wind Solar Total 

2050 = 20 times 2015.  Enough roofs and land in CA ? 



New, dedicated, high-purity, underground 
hydrogen pipeline network for gathering and 
transmission, “packing” storage, and 
distribution 



Volumetric Energy Density of Fuels

(Fuels in their Liquid State)
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High-press

Electrolyzers

Generators

ICE, CT, FC

AC grid

Wholesale

End users

Retail

Wind

Generators

Wind

Generators

500 miles
Hydrogen Gas

Pipeline

20" diameter

1,500 -- 500  psi

Cars, Buses,

Trucks, Trains

Liquefy Aircraft Fuel

Pipeline Energy

Storage

City  gate

1,500 psi 500 psi

Transmission Distribution

Compressorless system:  No geologic storage 



MW PEM Stack 
Electrical Power Input 1.5 MW (overdrive) 

Hydrogen Output 285 Nm3/h 

Max. Operating Pressure   40 bar (g) 

Certifications  PED (97/23/EC) 

The New Benchmark in Electrolysis 



Wind  to  Hydrogen        Power  to  Gas 

“ Energiepark  Mainz ” 

Siemens,  Linde,  Stadtwerke Mainz,  RheinMain University 

Electrolyzers: 

 

Siemens 

Hydrogenics 

ProtonOnsite 

ITM Power 

GE 



Electrolyzer

H2O

H2

O2
Power

Electronics

To Compressor or

Hydrogen Pipeline

Renewable-source

Electricity

Generation

Electrolyzer

H2O

H2

O2
PE

To Compressors

or Pipelines:
Hydrogen

and Oxygen

PE:  Power Electronics

Electrolyzer

Topology Options:  H2 and O2 Production and 

 Gathering from Renewable Energy Generation 

 

No grid connection 



Wind  System  Capex + O&M  

PV  System  Capex + O&M 
 

 

 

 

 

Electricity  component savings pay for  
Hydrogen and Ammonia systems: 

•  Conversion 
•  Transmission 
•  Storage 



Installed CAPEX: land-based, utility-scale 



Squirrel cage induction motor: 

Self-excited Induction Generator (SEIG) 

Wild AC   Wild DC   Electrolyzer 

Dedicated  Hydrogen  Production:  No  Grid  Connection 



Hundreds of km 
underground  
high voltage 
cable 



ABB  ACS800 low voltage wind turbine converter 

No Grid connection:   

Simple Power Electronics 













“ There’s a 
better way to 
do it…  Find it ” 

Thomas  Edison 



The Great Plains Wind Resource 



          Exporting From 12 Windiest Great Plains States
Number of GH2 pipelines or HVDC electric lines necessary to export total wind resource   

Capacity at 500 miles length Capacity Factor (CF) = 30%

State

Annual 

Energy 

Production 

(TWh)

Nameplate 

Installed 

Capacity

(MW)

Nameplate 

Installed 

Capacity

(GW)

6 GW        

36" GH2  

Hydrogen 

Pipelines 

$ Billion 

Total 

Capital 

Cost

3 GW        

500 KV 

HVDC  

Electric 

Lines

$ Billion 

Total 

Capital 

Cost

Texas 6,528 1,901,530 1,902 317 634

Kansas 3,647 952,371 952 159 317

Nebraska 3,540 917,999 918 153 306

South Dakota 3,412 882,412 882 147 294

Montana 3,229 944,004 944 157 315

North Dakota 2,984 770,196 770 128 257

Iowa 2,026 570,714 571 95 190

Wyoming 1,944 552,073 552 92 184

Oklahoma 1,789 516,822 517 86 172

Minnesota 1,679 489,271 489 82 163

New Mexico 1,645 492,083 492 82 164

Colorado 1,288 387,220 387 65 129

TOTALS 33,711 9,376,694 9,377 1,563 $1,500 3,126 $2,000

Wind energy source:  Archer, Jacobson 2003                              



Wind Seasonality,  Northern Great Plains 
Normalized to 1.0 per season 
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Wind Seasonality,  Northern Great Plains 

1,000 MW windplant:          AEP = 3,500 GWh / yr   

“Firm” goal = 875 GWh / season 

 Storage:  320 GWh per 1,000 MW wind 
Source: NREL, D. Elliott 
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320 GWh 
Annual firming, 1,000 MW wind 

• CAES (compressed air energy storage) 

– O&M:  $46 / MWh typical 

– Iowa:  Power = 268 MW 

Energy capacity = 5,360 MWh 

   Capital:  268 MW @$800 / kW = $214 M 

    Storage @ $40 / kWh = $ 13 Billion 

    Storage @ $1 / kWh = $ 325 Million 

• Battery 

– O&M: 90% efficiency round-trip  

– Capital: $500 / kWh =  $ 160 Billion 

–  Capital: $300 / kWh = $   96 Billion 

 

 



Electrolyzers

Generators
ICE, CT, FC

AC grid
Wholesale

End users
Retail

Wind

Generators

Wind

Generators

1,000 miles Hydrogen Gas

Pipeline 36" diameter, 1,500 - 500 psi

Cars, Buses,
Trucks, Trains

Liquefy Aircraft Fuel

Pipeline Storage = 120 GWh

Geologic

Storage ?

Storage

Storage

Storage

Hydrogen Energy Storage



Domal 
Salt 

Storage 
Caverns 

 

PB ESS 

Hydrogen Caverns in Texas 
• Chevron-Phillips   25 years 
• Praxair   6 years 



Domal 
Salt 

Storage 
Caverns 

 
Texas 

 
“Clemens 
Terminal” 

Conoco 
Phillips 

20 years 
 
 

Praxair 
‘07 

 

PB ESS 

•  860,000 m3 physical 

•  150 bar = 2,250 psi 

•  2,500 Mt net = 92,500 MWh 

•  $15M avg cap cost / cavern 

•  $160 / MWh = $0.16 / kWh 

•  Cavern top ~ 700m below ground 



Renewable-source GH2 geologic storage potential 
Candidate formations for manmade, solution-mined, salt caverns 





Total solar: ~ 3 x 10^14 kg / yr 

Total wind: ~ 3 x 10^11 kg / yr 

Synergy:  

• Diurnal + Seasonal 

• Minimize “firming” storage 



GH2 Transmission Pipeline 

Wind Potential ~ 10,000 GW 
12 Great Plains states 

GH2 Transmission Pipeline 

GH2 Cavern Storage 



GH2 Transmission Pipeline 

Wind Potential ~ 10,000 GW 

12 Great Plains states 

GH2 Transmission Pipeline 

GH2 Cavern Storage 



20", 36" GH2 Pipeline Capacity, 500 Miles, 1500 psi IN / 500 psi OUT
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Compressorless  20”,  36”  GH2  Pipeline  Capacity 

100 bar = 1,500 psi IN  /  30 bar = 500 psi OUT 
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Atlantic Wind Connection  
Offshore Submarine Cable 

Superconducting  

GH2 Pipeline: 36” Composite 

Clean Line:  Rock Island,  Grain Belt 

Clean Line:  Tallgrass,  Plains & Eastern 

NH3 Pipeline: 36” Steel 

Alaska Gasline 

Keystone XL Oil 

Transmission capital costs per  MW-km compared 
Pipelines have large capacity and provide large storage 

Hydrogen 

Ammonia 



Smart Pipe Technologies,  Houston 
Polymer-metal  linepipe  avoids  hydrogen  embrittlement 

36”  =  8 GW gaseous Hydrogen @ 100 bar 
Convert Palm Springs to Long Beach Natural Gas Pipeline ? 



   



Biomass, Wind, Other 
Catchment Areas,  

with Delivery Points 
to GH2 pipeline 

 

  

Pilot plant:  generation, conversion, 

collection, storage CORRIDOR, SYSTEM 

GH2 geologic 

storage 

O2 pipeline 

* 



Renewables,  Electrochemical energy 



Airbus  Industrie  concept:   

liquid  hydrogen  fueled      



N 

H 

H 

H 

Anhydrous Ammonia  NH3 

N Nitrogen 

H Hydrogen 

Molecular weight = ~ 17 

18% H by weight: “other hydrogen” 

NH3 + O2 = N2 + H2O 



Ammonia Fueled Bus: Thousands of Problem-free Miles  

Ammonia fuel tank 

Belgium 

1943 



X-15 rocket plane:  NH3 + LOX  fuel 

Mach 6.7  on  3 Oct 67 

199 missions 
1959 - 68 



  NH3 Ag Fertilizer Tanks, Wind Generators, NW Iowa 



Electrolyzers
Haber-Bosch

Ammonia

Synthesis

Generators
ICE, CT,

FC

AC grid

Wholesale

End users

Retail

Wind

Generators

Wind

Generators

Liquid

Ammonia
Transmission

Pipeline

Cars, Buses,
Trucks, Trains

Aircraft Fuel

H 2

H20 Liquid

Ammonia Tank

Storage

N 2

Air
Separation

Plant

Electricity

Air Solid State Ammonia Synthesis 

(SSAS) 

RE Ammonia  Transmission + Storage  Scenario 



“Atmospheric” Liquid Ammonia Storage Tank  (Corn Belt) 

-33 C     1 Atm 

Each:   30,000 Tons,  190  GWh       $ 15M turnkey 

$ 80 / MWh  =   $ 0.08 / kWh   capital cost 

 

’09 ARPA-E “Grids” Goal:  $100 / kWh 

Total storage  =  380  GWh 



Valero LP  Operations 

Liquid ammonia pipeline 

NOLA 



Capital Cost per GW-mile 

Electricity :   Capacity  

    KV  MW  $M  /  GW - mile 

• SEIA:  765 5,000  1.3 

   345 1,000  2.6 

 

• AEP-AWEA 765 5,000  3.2 

  Consensus ?   2.5 

 

Hydrogen pipeline: 

36”, 100 bar, 500 miles, no compress 0.3  

Ammonia pipeline:  

10” , liquid, 500 miles, with pumping 0.2 
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Atlantic Wind Connection  
Offshore Submarine Cable 

Superconducting  

GH2 Pipeline: 36” Composite 

Clean Line:  Rock Island,  Grain Belt 

Clean Line:  Tallgrass,  Plains & Eastern 

NH3 Pipeline: 36” Steel 

Alaska Gasline 

Keystone XL Oil 

Transmission capital costs per  MW-km compared 
Pipelines have large capacity and provide large storage 

Hydrogen 

Ammonia 



320 GWh 

Annual firming, 1,000 MW wind 

• CAES (compressed air energy storage) 

– O&M:  $46 / MWh typical 

– Iowa:  Power = 268 MW 

Energy capacity = 5,360 MWh 

   Capital:  268 MW @$800 / kW = $214 M 

    Storage @ $40 / kWh = $ 13 Billion 

    Storage @ $1 / kWh = $ 325 Million 

• Battery 

– O&M: 90% efficiency round-trip  

– Capital: $500 / kWh =  $ 160 Billion 

–  Capital: $300 / kWh = $   96 Billion 

• GH2 (3 hydrogen caverns) Capital  $70 Million 

• NH3 (2 ammonia tanks) Capital $30 Million 
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 Gaseous Hydrogen (GH2) 

Anhydrous Ammonia (NH3) 



GH2 and NH3 



MONTHS: 

GH2, NH3 
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“ There’s a 
better way to 
do it…  Find it ” 

Thomas  Edison 



Prepared by   

O. Florisson 

Gasunie 

   Pure H2 

2006:   The NATURALHY approach: EC, R+D 

H2 

NG 

NATURALHY: 

• Breaks “chicken-egg” dilemma 

• Bridge to sustainable future 

“ Power – to – Gas ”  



Free Storage + Free Transmission  in  E.on   

Natural Gas Pipeline System 

123 
Source:  Presentation by Dr. Alexander Vogel, Head of Alternative Energy Systems, E.ON Ruhrgas at Gas to Power Conference,  

              Cologne, Germany – November 2012 

Falkenhagen Region in Northern Germany 



E.ON  first Power-to-Gas plant  

Injecting hydrogen into natural gas grid  

124 

2MW Power-to-Gas Demonstration Plant in Falkenhagen, Germany 



“ There’s a 
better way to 
do it…  Find it ” 

Thomas  Edison 



Alternatives  to  Electricity: 
Japan  to  import  Hydrogen-rich  liquid  fuels 

1. Liquid Hydrogen (LH2) 

  Kawasaki 

2. Liquid anhydrous ammonia (NH3) 

 Sumitomo 

3. Cycle:  Toluene (C7H8)       

  Methylcyclohexane  (C7H14) (MCH) 

   Chiyoda  



Aleutians wind to Japan via liquid fuel(s) tankers 



Floating Offshore 
Deep water,  multi - MW 



Japan:  Import  Carbon-emissions-free liquid Hydrogen fuel 

Kawasaki 



     Kawasaki  LH2  ocean tanker,  truck 
World Smart Energy Week 

Tokyo, 26 Feb 14 
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RE Ammonia  Transmission + Storage  Scenario 



Liquid Anhydrous 

Ammonia (NH3) 

-33 C,  1 atmosphere 



 

Liquid NH
3

Tankers

Vehicle fuel CHP distributed

generation fuel

Pipeline, railroad, barge

Liquid NH
3

Storage Tanks

Renewable- 
Source 

Electricity 
SSAS 



Japan 

Chiyoda Chemical 

 

 

 

Hydrogen 

transportation  

and storage as  

Methylcyclohexane  

(MCH) (C7H14) 

 
“Spera”:  Latin for “hope” 



Spera 
Hydrogen 
 
Chiyoda 
Chemical 



     

Chiyoda Chemical and Heavy Industry 

Organic hydride import cycle: 

Toluene  (C7H8)    Methylcyclohexane  (C7H14) 



“ There’s a 
better way to 
do it…  Find it ” 

Thomas  Edison 



Converting  a  13 – turbine  Stranded 
Windplant  to  Produce  Hydrogen  Fuel from  

100%  of  Annual  Energy Production 

Alaska Applied Sciences, Inc. (AASI) 
 
SCAQMD 
2 Feb 16 
 
 



Self-Excited Induction Generator (SEIG) 

Reduce Hydrogen cost 
ARPA-E, SBV, CRADA apps:  NREL, et al,   2015 



Palm Springs windplant, 

Alaska Applied Sciences, Inc. 

1. R&D & Demo project:  13 turbines, 50 kW 

2. Novel generating system:  induction motors 

3. Close-coupled to electrolysis stacks  

4. All harvested energy delivered as H2 fuel 

5. No connection to SCE grid 



“ Americans can be 

counted on to always 

do the right thing –  

but only after they 

have tried everything 

else ” 

 

Winston Churchill 



Conclusions 

1.  Far more ambitious: H2, NH3, renewables 

2.  Transform world’s largest industry 

3.  Complete renewable systems 

4.  Beyond electricity 

5.  H2 fuel bigger market than electricity grid  

6.  H2 pipeline pilot plant demo:  begin now 

7.  Wind-to-H2,  Solar-to-H2  fuel demos:  now 

8.  Profitable:  Industry leads, capital flows 
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California Wind and Solar:  2015  →  2050 
Electricity  +  Transportation 

Wind Solar Total 

2050 = 20 times 2015.  Enough roofs and land in CA ? 



Far  more  ambitious: 
 
 

•  Renewables  industry  
•  Hydrogen  industry   
•  Beyond  electricity  systems 
•  Transportation  +  CHP fuels 
•  Run the World on Renewables 
•  ~ 100 % CO2-emissions-free energy 



A Bigger Renewable Energy Market than the Electricity Grid: 
Hydrogen Fuel for Transportation and CHP 

SOLAR 2016 
 

San Francisco  

11 – 14 July  2016 

Bill Leighty, Director 

The Leighty Foundation, Juneau, Alaska    USA 

wleighty@earthlink.net 

www.leightyfoundation.org/earth.php 

907-586-1426       206-719-5554 cell 

Handouts  at  rear 


