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Hydrogen In the News:
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Current technology is promising but not competitive.
Issue More emphasis needed on solving fundamental
President Bush has proposed a $1.2 science prOblemS‘

billion Hydrogen Initiative that has
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Elon Musk Calls Hydrogen Fuel Cell Cars ‘Bullsh*t’
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1) Making H,: The Path to H,: 4) Using H,:

"Sure I'll take
that energy off
your hands...
it’ll cost you.”

2) Storing H,: 3) Vending H,:




1) Making H,: Example Electricity Grid Woes-BPA

Washington - Wind Power Resource Estimates
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1) Making H,: NREL’s Wind-to-H, Project

100 kW turbine direct coupled to 33 kW alkaline & 6 kW PEM stack
k. PEM Electrolyzer
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1) K. Harris, NREL to Wind hydrogen project, presentation to DOE (2009)
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1) Making HZ: The Path to HZ: 4) USing HZ:
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MW Scale Electrolysis
-$1,000/kW

-60 % efficiency
-Enables new renewables
-Oxygen byproduct uses
-Potential revenue source

2) Storing H,: 3) Vending H,:

We can make hydrogen! Cool!
Now what?




Efficient, small (<1 MW), modular H, liquefiers will
increase renewable value and enable H, economy.




2. Storing H,: The Physics

In-1932, Werner Heisenberg won the Nobel Prize:

N T
“for the creation of quantum mechanics, the application of which has
inter alia, led to the discovery of the allotropic forms of hydrogen.”!

Normal 1§t quyefied by James oDewar in 1898
~ Hydrogen 7 Liquefies @ 2] K (-4}21 F). .
3:1 Most energy intensive fluid to liquify

Latent heat 420 kJ/kg to boil

Orthohydrogen Parahydrogen . _
Vi Wy Wor Vo Ve Wy W Vo Ortho-para conversion yields 700 kJ/kg
(antisym) = (sym Nantisym Y sym) (antisym):(sym)(sym)(antisym), Most entroplc phase Change of 103
v, =13,5.. v, =024.. Cry()genic material
WASHINGTON STATE Nobelprizeorg accessed 2010 |1\ pe
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2. Storing H,: Kinetic para-ortho manipulation via vortex tube

Vortex tubes separate faster (higher T) from slower due to flow geometry

Enables para-ortho conversion to drive bulk cooling

A.
Hydrogen inlet from LN, bath
77 K & 50 psi B. D
50-50 o-p As hydrogen flows

Insulation on wall
along tube, faster sulation on tube wa

forces endothermic E.
reaction to cause bulk  Hydrogen outlet
cooling ~120 K & 14 psi

~30 K & 14 psi ~75-25 o-p
~25-75 o-p

molecules migrate

F. to outside
Hydrogen outlet

Ortho

To 2n vortex C. Catalyst along tube wall causes
recycled

tube or |J-T valve endothermic conversion of hot
parahydrogen to orthohydrogen

WASHINGTON STATE
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1) Maklng H2 The Path to H;: 4) Using H,:

s
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MW Scale Electrolysis
-$1,000/kW

-60 % efficiency
-Enables new renewables
-Oxygen byproduct uses
-Potential revenue source

2) Storing H,: 3) Vending H,:
Efficient, small, modular

liquefiers are possible. Vortex Liquefaction

Portable Power
-15-30% efficient

-20-30x higher value to the People!
-0.7 % loss per day




- 2

DEVELOPMENT OF DESIGN FOR A DROP-IN HYDROGEN FUELING
STATION TO SUPPORT THE EARLY MARKET BUILD-OUT OF HYDROGEN
INFRASTRUCTURE

Key Rules and Guidelines:
Low cost — current H, stations are $2- 4 million each
Hydrogen delivered for $7/kg
Fuel 2 vehicles simultaneously, 25 vehicles per day
5 minute fill time for 700 bar, 5 kg fuel tank
Transportable
Low maintenance
Operated and monitored remotely
WASHINGTON STATE Hydrogen storage should withstand 48 hr shutdown
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Washington State University Wins 2014 Hydrogen Student Design Contest

May 12, 2014 - 12:00pm
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1) Making H,: The Path to H,: 4) Using H,:

" s — g Rockets
e - ~ ‘« f'-'i'ﬂ",;;w s . ‘ X R RObOtS, &
s e 2 Ty Racecars!

MW Scale Electrolysis
-$1,000/kW

-60 % efficiency
-Enables new renewables
-Oxygen byproduct uses
-Potential revenue source

2) Storing H,:

3) Vending H,:

e 1

___~
Vortex Liquefaction Fueling station:
-15-30% efficient -Portable/storable

-20-30x higher value -2-4 MW charge
-0.7 % loss per day -Shareable

H Efficient, small, modular
| jquuefiers are possible.




UAS

June 30th 20

Be the first university team to
y an LH, fueled UAV.

-,
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WORLD CLASS. FACE TO FAC]




The Path to H,:
1) Making H,: 4) Using H,:

el
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MW Scale Electrolysis
-$1,000/kW

-60 % efficiency
-Enables new renewables
-Oxygen byproduct uses
-Potential revenue source

2) Storing H,:

4

Vortex Liquefaction Fueling station:
-15-30% efficient -Portable/storable
-20-30x higher value -2-4 MW charge
-0.7 % loss per day -Shareable

H Efficient, small, modular
| jquuefiers are possible.
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The 2014-2016 H-Prize Competition

H7 refuel

Home News About the H-Prize How to Compete Resources Media / Contact Us Mailing List

H2 Refuel is the 2014-2016 H-Prize competition. It challenges America’s innovators to deploy an on-site hydrogen generation system, using
electricity or natural gas, to fuel hydrogen vehicles, that can be used in homes, community centers, retail sites or similar locations. The best entry,

based on technical and cost criteria, will win $1 million.

The H-Prize was established by the 2007 Energy Independence and Security Act to be a series of competitions to encourage and reward

innovations and advances in hydrogen energy technologies.

SN S

The H-Prize is administered by the_Hydrogen Education Foundation, and sponsored by the Department of Energy's Fuel Cell Technologies Office.

Read the federal register notice about the H-Prize >>
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HYDROGEN PROPERTIES FOR ENERGY RESEARCH (HYPER) LAB

How you can help

O Home
Research
Research Posts
Projects and Proposals

Products and
Presentations

Publications and
Patents

Lab Facilities and
Capabilities

Lab Members
Alumni
Teaching

Service

non-profit institution that Your donatior

1ild th

line, and

2. Be a part of our team. Send a short statement of chman@wsu.edu

rest 1o jJacoo

3. Keep listening! Add HYPER lab feed to your feedly or

r readers by pasting this link: http://hydrogen.wsu.edu/feed. Or signup for ou
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Hydrogen Safety: DOE H2 vs gas car

3 sec

0 sec




Hydrogen Safety: AFRL lightning & incendiary tests




Hydrogen Safety: Hindenburg vs. Graf Zeppelins
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http://heshydrogen.com/the-hindenburg-myth/



2. Storing H,: Geological & Gaseous

Gaseous at 700 bar (10,000 ,‘?} Ty
in the U.S. for Hydrogen LSt

psi) and 295 K is 39.7 g/L
$700/kg above ground vs.
$7/kg below ground

Y g : -
g

WASHINGTON STATE 1y Lord et al. Sandia Report SAND20711-6221
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2. Storing H,: Ortho-para effects on properties

Heat of ortho-para conversion must be removed for liquefaction.
AirProducts uses 6 catalytic conversion beds.'
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2. Storing H,: Liquefaction Efficiency
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Normal

Boiling
e Point
(K)
Methane 111.67
Nitrogen 77.36
Hydrogen  20.27
Helium 4.22

Volume
reduction

to liquefy
)
636.1

696.4
851.0
756.2

Carnot
COP ()
0.6
0.35
0.07
0.01
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