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TERMINOLOGY 1.

NEXLJS A MEANS OF CONNECTION,

A CONNECTED GROUP,
EG: “THE ENERGY-WATER NEXUS”

ENERGY VIGOR, OR POWER-IN-ACTION

EG: GLOBAL ENERGY DEMAND,

SUCH AS IN TERMS OF “MILLIONS OF BARRELS
PER DAY OF OIL EQUIVALENT” (EXXONMOBIL)



TERMINOLOGY 2.

POWER THE RATE AT WHICH

WORK IS DONE
EG: “Electrical MegaWatt Hours”
“1 Horsepower = 746 Watts”

CARBON- A FUEL THAT DOES
FREE NOT PRODUCE
FUEL CARBON DIOXIDE

EXHAUST




CONSIDER

OCEAN-
SOURCED
AMMONIA
(NH,) AS A FUEL



IT MEETS FOUR GREEN
OBJECTIVES

N, From the Atmosphere

H, From Water

No Resulting CO,

Balance-Of-Payments
Neutrality
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45 of LNG “Q-Flex” and *“Q-Max” are being built
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Conventional LNG Tanker 516 feet long (280 m)

G-Max LNG Tanker 1,131 feet long (345 m]
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A Q-Max ship Is longer than thres football fields stacked end
to end = 1,080 fesl (329 m)

[One NFL football fleld including eand zones is 360 fest long)

Immmmmmmww..'

Conventional LNGC Q-Max LNGC Tanker
argo Capacity 145,000 m3 Cargo Capacity 250,000 m
Braadth 44m Breadth 55m
Danith 2R Depth 2im

Jraft 11.5m Draft 12m

= e O i e e ey e e - = g A e

Source: “The Lamp”’, “ExxonMobil Taking on the World’s Toughest Energy Challenges”
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THE “Q-MAX” GLOBAL- REACH PROPULSION SYSTEM
WILL MOVE A LOT OF OCEAN WATER BACKWARDS

s courtesy of Qatargas

Each propeller on a Q-Flex ship is about 25 feet in diameter
and weighs around 80,000 pounds. The ships are powered
by twin engines that total 44,000 horsepower.
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EXXONMOBIL CONCEPT FOR OFFSHORE CARGO TRANSFER

-

Dedicated tugboats
maneuver LNG ship
for berthing

g BlueOcean Energy at a glance
. : : : d . About two times a week an LNG tanker under tugboat escort
16 mooring chains T i i A 3 5 ¥
attachad to steal _: . | willdock at the floating ocean terminal where its cargo will
piles keep the . o be transferred to double-hulled storage tanks by retractable
floating terminal L S A
Sacuraly anchored ||| officading arms. Onboard heaters convert the LNG back to
natural gas, which is then transferred to an undersea pipeline for
transport to shore. The floating terminal can rotate 360 degrees,
depending on current, wind and wave conditions.
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MARITIME ENERGY SHIPPING
ROUTE DISTANCES COMPARED

SOURCE DESTINATION COMMODITY N-MILE

TRINIDAD NEW ORLEANS, LA AMMONIA 2,056
TRINIDAD TAMPA, FL AMMONIA 1,745
QATAR GULF OR EAST COAST LNG 12,325
QATAR LOS ANGELES, CA LNG 11,2021
OTE Plantships

SOUTHWEST SAN DIEGO, CA AMMONIA & 700
OF SAN DIEGO DESALINATED WATER

OTE Plantships -
GULF OF MEXICO GULF COAST PORTS SAME CARGO 300

Source: Maritime Administration Data



“FROM THE DOE Potential Roles of Ammonia

FREEDOM CAR” :
PROGRAM in a Hydrogen Economy

A Study of Issues Related to the Use Ammonia for On-Board Vehicular Hydrogen Storage

U.S. Department of Energy

“Although DOE is not currently funding conventional fuel processing of ammonia
for on-board hydrogen storage, the potential use of ammonia as an energy
carrier, particularly during the transition towards the hydrogen economy, is not
disqualified.”

“Ammonia may be considered as a potential
hydrogen carrier for hydrogen delivery and off-board
storage, such as at refueling stations and for
stationary power applications.”

13



September 11, 2007, WORKSHOP at The Degas Salon,
L’Enfant Plaza Hotel, Washington D.C. , morning

OCEAN THERMAL ENERGY PLANTSHIPS
FOR PRODUCTION OF AMMONIA AND DESALINATED WATER

Argonne ==

NATIONAL LABORATORY

10:00 AM Global Peak Oil And

8:30 AM Sign Up For The Workshop
Alternatives
9:00 AM Welcome And Introduction Representative Roscoe
Bartlett (MD)

CB Panchal, Argonne
10:45 AM Solid State Technology

9:15 AM Recent Developments
Peter Pandolfini, JHU/APL For Ammonia Synthesis
Jason Ganley, Howard U.
9:30 AM Historical Perspectives
Robert Cohen, Consultant 11:00 AM Introductory Remarks
Mark Paster, Department
9:45 AM OTE And The Energy- Of Energy
Water Nexus Issues
William Kumm, AEL 11:30 AM Technical And Economic
Analysis Of Plantships

C. B. Panchal, Argonne 4



THE OTE “BIBLE” BY AVERY AND WU, 1994
WITH FORWARD BY JOHN P. CRAVEN, 1s ALL ABouT AVIMO
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AT-SEA

OCEAN THERMAL PLANTSHIP

wpit Ll N

4 - 2500 hp
azimuthing
thrusters at
corners
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OCEAN THERMAL PLANTSHIP CONCEPT




SYSTEM BLOCK DIAGRAM

AT-SEA “GRAZING” PLANTSHIP ROUTE-FLEXIBLE PRODUCT TANKER LANDSIDE OPERATION
A A A
_ R — g - N
PLANT- PS P S & TAN- PRODUCT SYSTEM
SHIP (PS) CREW II_> KER CREW TANKER II CREW OPE-
OPERATIONS ROTATION ROTATIONS OPERATIONS RATIONS

SELF NITRO-
Warm POWER &| kWh| GEN FIX SELF PROP. BUSINESS
Surface HOTEL » FROM POWER MANAGE-
Water v LOADS ATMOS. PLANT MENT
A
KWh Cooli
OTEC \00 " v % v Boil-Off Heat
Loglg%s:veen ELEC- AMMONIA LOAD & PRODUCT ELECT.
BLANT TRO- SYNTH. & I I—» uNLOAD CRYOGEN. UTILITY &
kWh | LYZER CRYO. PUMP TANKS DISTRIB.
: 4, ° \ TANks
kWh
Heat 02
A\ 4
SI;rIﬁA%EID FR. WATER LOAD & FRESH
EVAPG. [ \STORAGE | |—»{ uNLOAD WATER
Ehae TANKS /0 PUMP TANKS

Potable

Brine Water
COLD WATER
PIPE (CWP)
042205 AEL
Deep Cold Water
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CARGO OPTION: NH, 55,000 mt @ -33°C

“CAPTAIN MARKOS NL” Bahamas Registry, 16 kn, 18,420 bhp
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A POSSIBLE AMMONIA FUELED SHIP 20



Also Remember:

AT-SEA
OCEAN THERMAL ENERGY
PLANTSHIP SYSTEMS
UNIQUELY
CAPTURES SOLAR ENERGY
24 HOURS PER DAY

[ON-LAND PHOTOVOLTAIC CAPTURE IS
ONLY 33% EFFICIENT (8/24 HOURS)]
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THE ENERGY-WATER NEXUS SOLUTION

WORLD-SCALE OTE PLANT-
SHIPS MEAN

v'NO AIR POLLUTION IMPACT
v"NO ENERGY FUEL DEPLETION IMPACT
v"NO BALANCE-OF-PAYMENTS “River Of $”

v'/NO FOSSIL ENERGY REQUIRED
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FEB. 2008 |
REPORT ;
TO

February 2008

23



Argonne

NATIONAL
LABORATORY

... for a brighter future

Ocean Thermal Plantships
for Production of Ammonia

as the Hydrogen Carrier

C.B. Panchal

Argonne National Laboratory

June 11, 2008

This presentation does not contain any proprietary, confidential, or otherwise
restricted information

PROJECT ID # PDP19
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OVERVIEW

Timeline

B Start — October 2005
B Finish - March 2008
® Final Report Submitted

Budget

B Total Project Funding
— DOE $150K

® Funding Received in FY06
- $20K

B Funding Received in FY07
— $100K

® Funding Received in FY08
— $30K

A
Argonne, ...

Barriers

EBarriers
— Ocean thermal not viable for continent USA

— Capital costs too high to be competitive to
other technologies

— No commercial or pilot plant operating
ETarget

— Short term: Displace petroleum liquid fuel for
power generation

— Intermediate: Displace natural gas for
distributed power generation

— Long term: Ammonia as hydrogen carrier for
transportation

Partners

B The Johns Hopkins University/Applied
Physics Laboratory (JHU/APL)

B Arctic Energies, LTD (AEL)
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OBJECTIVE

The Two Primary Objectives:

B To evaluate the technical and economic viability of at-
sea ocean thermal plantships for production of ammonia
as the hydrogen carrier to meet the HFCIT cost goal of

$2 to $3/gge (delivered, untaxed, 2005$ by 2015)

B To evaluate economic impact of co-production of

desalinated water

A
ATgONNe......




THE NON-CARBON FUEL WAY OUT

ARCTIC ENERGIES LTD. ©
H,o4TEC®

NEEDED: “THINKING OUTSIDE OF THE BOTTOM OF THE BOX”
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ARCTIC ENERGIES LTD.

WILLIAM H. KUMM
PRESIDENT

511 HEAVITREE LANE » SEVERNA PARK, MD 21146 « TEL: 410-987-5454
FAX: 410-987-7549 » EMAIL: whkwhoswhoworld@aol.com
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