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Mendenhall Glacier, Juneau, AK

June ‘71



Mendenhall Glacier, Juneau, AK
10 October 10



Mendenhall Glacier, Juneau, AK
10 October 10
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Muir Glacier, Alaska, 1895

Glacier face is 100 m high; east side Muir Inlet, Glacier Bay




Muir Inlet, Alaska, 2005

Approximate same location, east side, Muir Inlet, Glacier Bay
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Shishmaref, Alaska
Winter storms coastal erosion



MUST Run the World on Renewables — plus Nuclear ?

Rapid climate change

Ocean acidification

Sea level rise

Species extinctions
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MUST Run the World on Renewables — plus Nuclear ?

Demand growth

Water for energy
 War
Depletion of Oil and Gas

Only 200 years of Coal left

Only Source of Income:
e Sunshine
« Tides



Estimated U.S. Energy Use in 2009: ~ 95 Quads

Estimated U.S. Energy Use in 2009: ~94.6 Quads B Lawrence Livermore

National Laboratory

Net Electricity
Imports

Solar 0.01

Electricity 26.10

Generation

38.19 Rejected
Energy
54.64

Residential
11.26

Commercial
8.49

Industrial
21.78

Trans-
portation
26.98

Source: LLNL 2010. Data is based on DOE/EIA-0384(2009), August 2010. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. EIA
reports flows for non-thermal resources (i.e., hydro, wind and solar) in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate." The efficiency of electricity production is
calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 80% for the residential, commercial and
industrial sectors, and as 25% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527



Estimated U.S. Energy Use in 2013: ~ 97 Quads
B Lawrence Livermore

Estimated U.S. Energy Use in 2013: ~97.4 Quads National Laboratory

Net Electricity

Solar 0.0849 Imports
0.320
12.4
Nuclear Electricity 25.8
8.27 ! Generation
38.2 Rejected

Energy

Hydro 59.0

2.56

Residential
11.4

0.420

0.0197
Commercial
8.59 5.58
Energy
0.477 Services
0.0454 38.4
4.94
9.08 Industrial
24.7 19.8

8.58

Trans-
portation
27.0

Petroleum
35.1

Source: LLNL 2014. Data is based on DOE/EIA-0035(2014-03), March, 2014. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. EIA reports
consumption of renewable resources (i.e., hydro, wind, geothermal and solar) for electricity in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate." The efficiency of electricity production
is calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 65% for the residential and commercial sectors 80%
for the industrial sector, and 21% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527



Estimated U.S. Energy Use in 2050: 145 Quads

[Estimated Future U.S. Energy Requirements (= 145.5 Quads) Projecton fo Year] 2050
From Year 2025
Efficiency Year 2025 Modied
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2005 World Energy ~ 436 Quads/yr

(International Energy Outlook 2006)
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Estimated Future Energy Flows (= 436.5 Quads/Year) Ward
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Projected World Energy ~ 680 Quads/yr
2030 Reference Case (IEO 2006)
T —

= Estimated Future Energy Flows (= 679.5 Quads/Year)
2130 Refarence
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Billion tons of oil equivalent (toe)
18

Hydro

15
Nuclear
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| GOPDOrMUS N dogrees cenbigrade (Compased with 1560- 1900 basaline)
~—=Alrmospheric carbon diomde (CO2 m parts per midbon)

CO,: too much, too fast !

CO, parts per million (ppm)

Temperature difference: degrees C

1,000 years history




NOAA — NMFS:

“Evil Twin of Global Warming” « Juneau
“The Other CO2 Problem” A sea—surface pH [—] « Sitka
—0.12 —0.1 —(0.08 —0.06 —0.04 —0.0 0

Ocean Acidification: lowering pH

Neutral = 7.0



Sea level rise due to global warming

Sea level rise over the last century Sea level rise scenarios for 2100
Centimeters Centimeters
8 - 120 - — . .
—— Annual sea level change Solid lines represent various scenarios A
5-year running mean %"%%"'B%:#&i‘?ﬁzé“sm
— _ : S
4 100 ) arios with constant 1 Lpoase

-12
1880 1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 [ALel0)

GIRID| ()
Arendal yneEp
GRAPHIC DESON | P-IUFPE REXMEWCZ

Souree: Climate chango 1866, The scisncn of dimale change, contribution of warking group 1 Lo tha sacond assessment ropor of 1he inteegovemmontal panel on cimata change, UNEP and WMIO, Cambridaa
universty press, 1995; Sea level ris= over the last century, adapted from Gomitz and Lebadetf, 1867,

Sea level is rising at an increasing rate: NOAA

Now ~3 mm /year = 1/8inch /year



Comparing the world's energy resources*

VWhere should we
invest for the
long-haul??

Natural Gas

~ Petroleumn
World energy use ‘ ‘»
U ranium
& Richard Perez, etal.
COAL

Mearly potential Is shown for the renawable energies. Total resenes are showh for the fossii and nuclear “use-therm, lose-them”
resources. Word energy use is anhual



Comparing the world's energy resources*

Annual Income

Where should we WIND

invest for the ‘

long-haul?? = = o Capital

SOLAR

Natural Gas

~ Petroleum
R ::’ f
\ 4 .!
World energy use ; '
Uraniurm
COAL



Transform World’s
Largest Industry

* 85% fossil

* 100% renewables
* Quickly

* Prudently

* Profitably

* Nuclear ?

* Beyond electricity



January Week: Electricity
12000
7000 44—
=
=
2000
L 25 49 73 Hours 97 121 145 169

-300:0

N Storage Withdrawl Wind Solar

I Hydro/Biomass Storage Charging m—Demand
-8000

Figure lll-6: Hourly supply and demand with storage, January 1-7, 2007. Source: IEER.

Hypothetical:

100 % Renewable Electricity System in Minnesota




Run the World on Renewables

T PrOViC_iing a" global energy

Jacobson & Delucchi
Energy Policy 39 (2011)



“Wind Vision ” 2015

« Goal: 404 GW by 2050 @ 40% CF =
404 x 8,760 x 04 =
1,415,616 GWh / year =
1,415 TWh / year =
4.8 Quads =
< 5% Total US energy by 2050
« 12 windy Great Plains states: 34,000 TWh =
115 Quads



“Wind Vision ” -- 2015

Goals:
1. Reduce Wind Costs
2. Expand Developable Areas
3. Increase Economic Value for US

Understand potential: affordable, reliable, low-carbon US energy
portfolio and economy

US only
Electricity market only ... “across all U.S. market sectors and regions.”
Model transmission expansion:

10 million MW-miles by 2030

29 million MW-miles by 2050

Need a new “Central Study Scenario”:
Alternatives to Electricity Systems



Need a new “Central Study Scenario”:

A

* Beyond

lternatives to Electricity Systems

Electricity:
complete renewables systems

« New markets: wind-source fuels
— Transportation

— Distri
 CH

puted
P — Combined Heat and Power

» DF

S — District Heating and Cooling



better wa y ta
do It‘ ‘-




Sunlight from
local star
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|
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Electricity

PEM Fuel Cell
M4 + 09 » 290 - Energy

\tem: 2010
Solar Hydrogen System JuniorBasic

www.h-teccom

PEM Electrolyzer
2H,0 -+ Energy —> 2Hz + 02

Solar Hydrogen Energy System



Competition: Need a new “Central Study Scenario”
Alternatives to Electricity Systems

e Solar
— PV, CSP
— Centralized, distributed

* Nuclear;: SMR’s
 Geothermal




* Collaborative: NREL, GE, AWEA, EPRI, UCS,

NRDC, Universities ....
All USA’s 100 Quads > “Run World on RE”
With electricity alone ?
Alternatives to Electricity systems for:
1. Gathering and transmission
2. Annual-scale firming storage
3. Integration
New markets
New “Wind Vision” chapter
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Jim Rogers,
former CEO,
Duke Energy

“If everyone has rooftop PV and a
battery, utilities are just supplying
backup power ”



What Grid ?

“Smart Grid” $ Billions

— Mostly DSM

— Vulnerable to Cyberattack ?

— “Smart” # more capacity:
transmission + storage

3,000 new 3 GW elec lines ?

“ Run the World on Renewables ™ ?

Evolve, atrophy ?
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Compressorless system: No geologic storage

Transmission Distribution
AC grid
- . Wholesale
Cit ate
Wind y 9 >:
Generators X Generators
ICE, CT, FC
_ _ d End users
Pipeline Energy ; Retail
Storage i
High-press ? % i
Electrolyzers 1,500 psi 500 psi !
i Cars, Buses,
_ Trucks, Trains
500 miles
Wing Hydr-oge_n Gas
Generators Pipeline
20" diameter : Liquefy Aircraft Fuel
1,500 -- 500 psi




The New Benchmark in Electrolysis

o W

—'_&:
. B

., 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)




Electrolyzers:

Siemens

Hydrogenics
ProtonOnsite
ITM Power s |
e]= |

/ \
AN T :

Wind to Hydrogen Power to Gas
“ Energiepark Mainz”
Siemens, Linde, Stadtwerke Mainz, RheinMain University




H2 l To Compressor or

Power —— Electrolyzer |y Hydrogen Pipeline
Electronics l 02

No grid connection

Renewable-source
Electricity
Generation

Electrolyzer

. Ho To Compressors
3¢ * or Pipelines:
e §§ PE Electrolyzer oo  d Hydrogen
§§ [ and Oxygen
—
H20

PE: Power Electronics

Topology Options: H; and O, Production and

Gathering from Renewable Energy Generation







ABB ACS800 low voltage wind turbine converter






Amrumbank West
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Hydrogen Energy Storage

Wind
Generators

Electrolyzers

Wind
Generators

1,000 miles Hydrogen Gas ‘ |

Pipeline 36" diameter, 1,500 - 500 psi

Pipeline Storage = 120 GWh

/]

Geologic
Storage ?

Trucks,Trains

ACgrid
Wholesale
Generators
ICE,CT, FC
Endusers
Retail
Cars, Buses,

Liquefy

Aircraft Fuel
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Caverns
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ln e 150 bar = 2,250 psi
= o 2,500 Mt net = 92,500 MWh

e $15M avg cap cost / cavern
| e $160 / MWh = $0.16 / kWh

|

£ | « Cavern top ~ 700m below grou
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Renewable-source GH2 geologic storage potential
Candidate formations for manmade, solution-mined, salt caverns




)1 74
@ 4K
=5 '\ Epe

?
ot | HANNOVER
g
= :

EN &
“». NIEDERSACHSEN ,'
= Il Hdsen s

MECKLENBURG -
POMMERN

Hinnchs-
hagen

OsCHVERIN

N
~A A

7\

: },

* s-‘un&}m )
. 3 b
BADEN - WORTTEMBERG S~ * '*-Wﬁm\‘
=~ JJ
® £ .. 7
- “’gm 2
OFretug ) *.Fromoloo- WD"“M ..S¢
r ‘ 3 b @ .amn/
(/ 2’_"_‘*_ '\.1 ‘c;“ lmnham
= “aa ("cJ < ,;_,‘r-‘—‘" \) @
7 )
(/
Erdgas Rohdl, Mineralprodukte, ~ (Guete: LBEG. 2010)
Porenspeicher Flissiggas
@ in Betrieb in Planung oder Bau Kavemenspeicher
Kavernenspeicher B in Betrieb
in Betrieb in Planung oder Bau



GH2 Transmission Pipeline
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S model for the 20% Wind Scenario. It is a combinasion of high —u::aw“
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d Potential ~ 10,000 GW

12 Great Plains states



Figure 3 Hydrogen Potential from Solar and Wind Resources
Total kg of Hydrogen per County

Fanae

Q“
T

>

Normalized by County Area

Total solar: ~3 x 1014 kg / yr
Total wind: ~ 3 x 10011 kg / yr

<00

This analysis shows the hydrogen potential from combined
renewable rescurces - wind and solar, Select environmental

and land use exclusions were appdied. See additional
documentation for maore information.

Hydrogen
(Thousand
kg/sq. km year)

Bl 1200-1450

B 1100-1 200

B 1000-1100
S00-1000

1OV




GH2 Transmission Pipeline

Ths map shows e wind resowrce dala used by the WinDS
model for the 20% Wind Scenario. |t & a combinasion of high

Wind Potential ~ 10.000 GW

12 Great Plains states




* Collaborative: NREL, GE, AWEA, EPRI, UCS,

NRDC, Universities ....
« New “Wind Vision” chapter
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Airbus Industrie concept:




36” = 8 GW

Smart Pipe, Houston
Polymer-metal linepipe avoids hydrogen embrittlement



Hydrogen Fuel Cell Bus



Toyota:

- Battery-electric vehicles (BEM's) only “... in shorty
* Will not make BEV’s

« 5,680 patents royalty-free

Toyota Mirai Fuel Cell car: Hydrogen fuel only



A% s

“ No one will make money on electric
cars In ‘reasonable time’ ”

Dieter Zet. he, Mercedes CEO

Mercedes-Benz B-class Fuel Cell car


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 ?






Fueling the Hyundai Tucson Fuel Cell car
3 minutes


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.motortrend.com/auto_shows/1311_hyundai_tucson_fuel_cell_vehicle_debuts_in_los_angeles/photo_14.html&ei=lNhLVcexAs_1oAT7_4HoAg&bvm=bv.92765956,d.cGU&psig=AFQjCNEGKO3p5AqHbkMVmCTXkEwLWK18_w&ust=1431120360514772

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 ...”
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Greenhouse Gas Pollution (Light duty vehicles only)

apye . o m————— ~
(Billion/ tonnes CO2-equivalent/year) 1I"100% Gasoline !
S ICVs I
2.5 o S -
-
T Base Case:
" "— - -
_ - - Gasoline Hybrid
2.0 — Scenario
-~ “T
— -
—_— - 1
—t Gasoline Plug-In
1.5 Hybrid Scenario
1990 LDVGHG S o Ethanol Plug-In
L0 Hybrid Scenario
GHG Goal: 60% below j . N | BEV !
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0.5 4 1990 Pollution - T | Py -
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— Sammy N e meam o=t . M4
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CA: 20% of Light Duty Vehicles (LDV)
hydrogen fueled, by 2030

O M

« 12,000 miles /year = 150 kg H2 / year

« 1,800M kg H2/year = 1.7 MMt H2 fuel /year
« @50 KkWh /kg at windplant gate:

— 82,500 GWh / year
— @ 40% CF = 23,000 MW nameplate wind

— Requires 3 GH2 pipelines, 36”, 500 miles long

— PLUS @ 4 caverns / GW =92 storage caverns,
to firm the supply at annual scale



HYDROG(E)NICS

SHIFT POWER | ENERGIZE YOUR WORLD

California’s surplus renewable generation
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DO_ Not Cite Energy+Environmental Economics
For Illustrative Purposes Only

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

w m Qvergeneration
50% R PS/‘\ Curtailed? wa Imports/Exports
s = Demand Response
40% RPS o 7 Renewables
3304 R P #7777 BTM Rooftop PV
,’ mm ((GTs

70


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

=)
®
o
I_
LL
Z
0
Q
=
E
S
Q
=
O
@
LL

CA “Duck Curve”: solar overgeneration, steep ramp
Sample Net Load — March 31, 2012
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CA Independent System Operator - CAISO



“Hydrogen Transition” UC Davis, ITS “NEXTSteps”

14,000

* Investment per 5-year timestep
i olH2Tuck  (Cumulative to 2050 $50B; 26M FCVs
12099 OPipeline . $2000/car)
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OCoal Gasifier

BNG SMR CCS

BNG SMR

DBiomass Gasifier Pipeline
BOnsite Electrolysis
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Southern CA 5
Hydrogen Stations

@ Open

Burbank

Fountain Valley - OCSD

Irvine - UC Irvine

Los Angeles - Harbor City
Newport Beach

*Thousand Palms - SunLine Transit
Torrance

Monica

In Development

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

*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 '4 i /, /
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Germany Hydrogen Fuel Stations 2023

DAIMLER g e uounosi\ gag @
Partners:
Air Liquide Shell
Daimler Total
Linde oMV
Targets:

e 100 by 2017

e 400 by 2023

e € 350 million invest

e 90 km max spacing on freeways

H, Mobility

NOW

e Nationale Organisation Wasserstoff-

H, Mability




Japan: Hydrogen Society has begun!

100 Fueling Stations 2015 Iwatani
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Hub Height {meatars)

LCOE (2013 $/MWh) B Hub height {metars)

Wind LCOE reduction
“Wind Vision © Executive Summary




Construction Finance

Contingency
Project Management 5%
Development-

Soft
Ce  Turblne
Balance EEY;

of Plant
Assambly and 231

Installation
Roads and Clvil Work

Turbine Transportation
Foundatlons

Installed CAPEX: land-based, utility-scale



Squirrel cage induction motor:
Self-excited Induction Generator (SEIG)

Wild AC = Wild DC - Electrolyzer
| N

Dedicated Hydrogen Production: No Grid Connection




Converting a 13 — turbine Stranded
Windplant to Produce Hydrogen Fuel from
100% of Annual Energy Production

Alaska Applied Sciences, Inc.

e
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50 kW SEIG
wind furbine controller

50 kW SEIG
wind turbine controller

13, 50 kW

DC to AC converter

Electrolyzer(s) Compressor Tube Trailer

| .
I ; SCADA system
DC bus and Wind ! Y

Wind Turbine control | ! *

Turbines | i Customers
| ! Offsite data
: collection and
| i control

50 kW SEIG
wind furbine controller 650 kW Autonomous Self-Excited Induction Generator (SEIG)
Wind-to-Hydrogen R&D and Demonstration plant: Ver E

Self-Excited Induction Generator (SEIG)
Reduce Hydrogen cost
ARPA-E app: NREL, et al, 2015
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AWEA: 20% Electricity from Wind by 2030
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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%

3 GW
Annual Nameplate | Nameplate 6 GW S Billion 500 KV S Billion
Energy Installed Installed 36" GH2 Total HVDC Total
Production | Capacity Capacity | Hydrogen | Capital Electric Capital

State (TWh) (MW) (GW) Pipelines Cost Lines 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
lowa 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” ges 875 GWh / season
Storage: @ per 1,000 MW wind
Source: NREL, D. Elliott

1,200

1,000

uction, Firm Delivery




320 GWh

Annual firming, 1,000 MW wind

« CAES (compressed air energy storage)
— O&M: $46 /| MWh typical
— lowa: Power =268 MW
Energy capacity = 5,360 MWh
Capital: 268 MW @$800 / kW = $214 M
Storage @ $40 / kWh =
$ 325 Million

$ 160 Billion
$ 96 Billion




Anhydrous Ammonia NH;

N Nitrogen

H Hydrogen

Molecular weight = ~ 17

18% H by weight: “other hydrogen”
NHs; + O, = N> + H>0



RE Ammonia Transmission + Storage Scenario

Electricity
A Solid State Ammonia Synthesis
/ (SSAS)
Air p 7
Separation 7
Wind | Plant / | AC grid
Generators i / Generators Wholesale
ICE, CT,
| N2 FC
,/ End users
Haber-Bosch Retail
Electrolyzers Ammonia
= Symhess =i Cars, Buses

Trucks, Trains

H2 Ammonia
Transmission
H-0 Liquid Pipeline

Ammonia Tank
Storage

Wind
Generators

Aircraft Fuel




;;-. \~
0
f
/ \
- _
/ \ |
i <
/ \, \\
\\ \\ /
{
i’ /
/ \\ \
i /
g [TEY
N
/ [ ,
[ -
g R
g
\ I
| i
\ I
I
/ Il
/ Il

R e




™ » town (Eaa®)
Moochead
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Netherlands -
Vilovo ' Headquarters/imematonal Cffice

Valore LP Refined
Peroduct Terminals
) ThirdParty Termmal

Crude O Sherage Fociltes

& Crude Od Storape Tanks
Cngin'Terminaton Points
Contral West Cructs O Pipeines System
Central West Refined Products Pipeines System
Single-Use Refingd Product Pipaines
Single-Use Crude Of Pipoine

« Pipeane Under Constrnuctcn

1o be owned by PEMEX upon compietion)
Noeh Redined Prodcts Pioekaws Systam
£ast Rafinec Products Pipeines System
Asrmona Pipeines System
Hydiogen Products Pgelne

W Wt (e s he Ot awh e o atnd by Wirve

Valero LP Operations




Capital Cost per GW-mile

Electricity :
KV
« SEIA: 765
345

 AEP-AWEA 765
consensus ?

Hydrogen pipeline:

Capacity
MW

5,000
1,000

5,000

$M / GW-mile
1.3
2.6

3.2
2.5

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

Ammonia pipeline:

10” , liquid, 500 miles, with pumping 0.2



Capital Cost per MW-km

1,600

1,400

. Atlantic Wind Connection
Offshore Submarine Cable

1,200

8 GW —

1,000 -

800

600 —@ —Clean Line: Rock Island.~Grain Belt

400 T——@ Clean Line: Tallgrass, Plains & Eastern

200

@ GH2 Pipeline: 36” Composite

@ Alaska Gasline

() NH3 Pipeline: 36” Steel

Keystone XL Oill ®

0 10 20 30 40 50 60 70

Capacity - GW

Transmission capital costs compared




320 GWh
Annual firming, 1,000 MW wind

« CAES (compressed air energy storage)
— O&M: $46 / MWh typical
— lowa: Power =268 MW
Energy capacity = 5,360 MWh
Capital: 268 MW @$800 / kW = $214 M
Storage @ $40 / kWh =
Storage @ $1 / kWh =
 Battery

$ 160 Billion
$ 96 Billion

$70 Million
$30 Million




Discharge Time (hr)

System

:Qatl N gS Gaseous Hydrogen (GH2)
Anhydrous Ammonia (NH3)
m a
10
]
0.1
Compressed air
Dbl-laver capacitors
Flywheels
0.01 Lead-acid
Lithiumeion
sodium-sulfur
Mickel-cadmium
0.001 Nickel-metal hydride
= P Pampadti
— VR Vanadium redox
DElscTricily Siorage Assocalion Zn-Br  Zinc-bromine
0.0001 -
0.001 0.01 0.1 1 10 100 1000

Rated Power (MW)

10,000




Capital Cost per Unit Energy - %/ kWh-output

(Cost f capacity / efficiency)

10,000

1,000

100

10

High Power
E.C. Capacitors

High Power
Fly Wheels

Li-ion

Long Duration
Fly Wheels

||

B = Zinc-Air
= Bat.
oW Lead-Acid

T : Rech bl

e Batteries e
2 §'= |Long Duration Flow Batteries
o 5 2 |E.C. Capacitors
= Pumped
=] Hydro

CAES

Metal-Air
Better for UPS & Power Batteries
Quality Applications

100 300 1,000 3,000

Capital Cost per Unit Power - $/kW

10,000

@2 and NI-D




Discharge Time

Minutes

Hours

Seconds

Flow Batteries

VRB

High Energy

Super Capacitors MONTHS:

eyl GHZ2, NH3

Other Adyv. Batteries

Bridging
Power

Power Quality & UPS

Energy Management

ELECTRIITY STORAGE ASSOCITION
1kW 10 kW 100 kW 1MW 10 MW 100 MW 1GW

Power
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The NATURALHY approach: EC, R+D

1T

NATURALHY:

» Breaks “chicken-egg” dilemma

* Bridge to sustainable future

Prepared by
O. Florisson
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HYDROGE)NICS

SHIFT POWER | ENERGIZE YOUR WORLD

Free Storage + Free Transmission in E.on
Natural Gas Pipeline System

Falkenhagen Region in Northern Germany

* Increasing excess
power
| * Huge peak power
60 | » Steep power
| gradients

+— 4 1 |

;IILI'
Ll

’N

2009

m i

- 2010

Lt ...

Local
consumption

} Solution: Storage of excess wind power instead of curtailment.

Source: Presentation by Dr. Alexander Vogel, Head of Alternative Energy Systems, E.ON Ruhrgas at Gas to Power Conference, 101

Cologne, Germany — November 2012



HYDROGE)NICS

SHIFT POWER | ENERGIZE YOUR WORLD

E.ON first Power-to-Gas plant
Injecting hydrogen into natural gas grid

2MW Power-to-Gas Demonstration Plant in Falkenhagen, Germany
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Alternatives to -Electricity:
Japan to:import Hydrogen-rich liquid fuels

1. Liquid Hydrogen (LH2)
2+ Liquid anhydrous ammonia (NH3)

3. Cycle: Toluene (C7/H8) & -2
Methylcyclohexane (C7H14) (MCH)



Aleutians wind to Japan via liquid fuel(s) tankers




Kawasaki

Go!
Hydrogen ¥
Road:;;’:,”;";mmg.:o &

I BEDFMDES S LSBT,
Hydrogen Road& LD
FLLWEBEA N EENET,

AEEELPHPSMI)HTZEN TE,
BIRBSICCO2E8 MLV I~V T2 % — KE,
COKRELFNF—ELTERTB1-001275 DB H
ERPTRESIELTLET,
ARE[2CBI [T 5103 ) [o15),
fh%‘hw7ntxt:&f:5w&ﬁlxﬁL\ﬂtﬂﬁiﬁbrb\&1,
Kawasakm&ﬁf:“ﬂ(iﬂ)iii@t;‘ﬁlmil’n!}.
FZIcHydrogen RoadEV oL L st shes,

Japan: Import Carbon-emissions-free liquid Hydrogen fuel




Kawasakl LH2 ocean tanker, truck

World Smart Energy Week
Tokyo, 26 Feb 14



RE Ammonia Transmission + Storage Scenario

Wind
Generators

Electrolyzers

Wind
Generators

—

H2

H20

Air

Electricity

Air
Separation
Plant

N 2

Haber-Bosch
AmMmonia |

Synthesis

Liquid
Ammonia Tank
Storage

SUMITOMO CHEMICAL

Liquid
Ammonia
Transmission
Pipeline

| AC grid
Wholesale
Generators
ICE, CT,
FC
End users
Retall
Cars, Buses,

Trucks, Trains

Aircraft Fuel




Exhaust\~ rank 0
ankKks
. [\ SUMITOMO CHEMICAL
- A Y - ;v(* x
‘Bridge ’ \

O wf? Insulation

| Liquid Anhydrous
¥ Ammonia (NH3)
' -33C, 1 atmosphere

Compressor
Engine

Gearbox



Renewable-

Source
Electricity

‘ Methanol '

Syngas Generation '
l Hydrogen

GTL

Urea

Other
Fertilizers

| Ammonia

Liquid NH,
Tankers

/ﬁ

\‘

P— 0 ] - . - !1'1""!'!""!"!Tv - —

Pipeline, railroad, barge

¥
AP 0 L AP RAPEADE LB AT AT AAELE DB LAE T ELNT DR SIS NPT APE NIEN DAL PENIP D

TN MERLRES BT L BENNE AP AACLATAED €SNI RS IS II LIRS ITSIA IS S IINORL RIS ST IISST SIS IS IIS ISR SIRSIRSIIIA S

Ammonia Vehicle fuel CHP distributed

generation fuel

KBR

imrgy -nd Chemicals

SUMITOMO CHEMICAL



“ : Energy-consuming nations
SPERA Hydrogen Supply Chain rurouenetn PRl e o .

Hydrogen Regional city

Storage/reserve tanks

Hydrogen Hydrogen
Energy prodUction . / station
through hydrogen s p

combustion (either _,/
pure hydrogen or in :
combination with
natural gas)

s‘

*  Distributed ,,,
e vl cogeneratlon f"

‘W t3
Ol refinery ;p ‘t: "‘Wﬁ‘ I "4‘

Chemical plant s ’x~ Juﬁ A i Distnbuted
g #’.. cogeneratlon

Gas fields, oil
fields, coal fields

Hydragen
L Toluene iy

-

,q": :
8 -

SPERA

Hydrogen e o B

Hydrogen plant Ny s *2,,*2 3%

: (reforming, gasification, R, " S
mbyproduct hydrogen)

5 Hydrogen production
If (CO2 separation)

\\\ "CHIYODA

CORPORATION

b Coal, oll, natural gas

H rogenatlon .,
plant Hydrogen

Electrolys!s of water

2 - « l ' | Solar power _ -
Fossil-fuel-producing nations ( Wind power {

(coal, oil, natural gas) Large-scale producers
Source: Chiyoda Corporation ; editonial revisions by Nippon.com. of renewable energy

Chiyoda Chemical and Heavy Industry
Organic hydride import cycle:

Toluene (C;Hg) €-> Methylcyclohexane (C7H14)



Japan
Chiyoda Chemical

+ CHIYODA

CORPORATION

Hydrogen
transportation

= N al s
K3 -
- } [ =)

P ool and storage as
e e Methylcyclohexane

become a reality, and Chiyoda Corporation has made it
remarkably easy to use. Our | technol |

hydrogen to be liquefied and consequently transported at M C H ' H
ambient temperature and pressure. We named this liquid 7 14
“SPERA Hydrogen.” Able to survive transportation over long
distances and storage over long periods of time (aimost

unthinkable before), this “hydrogen of hope” is highly safe and
stable. It will overturn the conventional wisdom regarding hydrogen.

“Spera”: Latin for “hope”
[ SPERA Hydrogen oot oy |

that hydrogen technology will give around 4 orld the hope they need o build a better future.



“Infectious ”’

* Bigger “Wind Vision”
* “Run World on Renewables”
e Quickly ramp 2 -10 x
Complete RE systems
New markets: C-free fuels
Alternatives to Electricity systems for:
1. Gathering and transmission
2. Annual-scale firming storage
3. Integration
Collaborative: NREL, GE, AWEA, EPRI, UCS,
NRDC, Universities ....
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End 20 May 15 presentation.
Following slides are supplemental



“Americans can be
counted on to
always do the right
thing —

but only after they
have tried
everything else ”

Winston Churchill

The dog caught the car.

Dan Reicher




kWh per Gallon (LHV)

Volumetric Energy Density of Fuels
(Fuels in their Liquid State)

40.0
35.0
30.0 B Hydrogen Energy B Carbon Energy
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350 miles
5GW
$ 5B

1,750 GW-miles @ $5,000M =
$2.8M / GW-mile

& WA M ‘:;lL.
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THE WRONG TREe AGAIN.
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