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Two top challenges for Hawalii

Hawaii

Freshwater

Energy = Oll (for Hawaii)
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Project Example 1

Optimized desalination process using the renewable
thermal resources of the ocean

Ocean Thermal Gradient Desalination OTGD
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Challenge for Hawaii__ natural freshwater
supply is approaching capacity limits

One supply solution Desalination

Available Desalination
Technologies:

Reverse Osmosis Distillation
~ 80% of all ~ 15% of all
desalination in US desalination in US
Membrane Thermal
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‘ Deep Ocean Water Application Facility
HONOLULU BOARD OF WATER SUPPLY
\&/ Meeting the Challenge to Satisfy Hawalii’s
Growing Future Freshwater Needs
freshwater production In combination with OTEC = distillation

OTEC isa Heat Engine which usesthe warm surface water asthe Hot
Reservoir and the cold deep water asthe Cold Reservoir

Evaporator
24-28°C

IN

Warm ocean
surface water
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Condenser
4-6 °C

ouT ﬂ IN ‘ OouT

Net Work

Cold ocean
deep water
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Conventional combined OTEC-Freshwater Unit

1st Stage
Evaporator

1st Stage

Working Condenser

Fluid Pump

Warm
surface Cold deep
Seawater Seawater
IN IN
Working
Fluid Vacuum Pump
Turbine
R 2" Stage
O w Condenser
ouT ouT
Freshwater
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Critical issue in OTEC — Cold Deep Ocean Water (DOW)

Deep Ocean Water Pipe =
expensive and hard to built

Optimization _ of the OTEC
process to lower DOW pipe size
and length
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Optimization:

Conventional process = |  Optimized process = Multiple
single stage flash n Effept Desqllnatlon (MED)
evaporation I with multiple modules
- WSW - IN /’2
Flash Tank 1 @’h o
Evaporator Condenser rO:a: - I r"l-‘ v e
Pump Flash Tank 2 E —ﬂ *ﬂ
n WSW - OUT
£ A R
| T3 T
. £ A R
T3
out Warm surface Colddeep  Freshwater I 1
ocean water ocean water B K E ¢
: . [ -
< —=—
DOW / FW = 90-140 I 1 -
Need DOW pipe 13 feet diameter — s
| csw - ouT
= |

DOW / FW = 20-25
Need DOW pipe 6 feet diameter
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Optimization of OTGD process integrated in OTEC

Optimized OC-OTEC:
Option OC-2 depicted, Option
Baseline OC-OTEC Design OC-1 similar

Baseline Kalina-OTEC

Optimized Kalina-OTEC:

Design Option K-2 depicted, Option K-1
similar
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Development of Stand -alone DOWA -MED applications

Connected to thermal power plant direct seawater co  oling system

-

Kahe Power

j_? -Epl7nt

MIXED DOW &
OUT sow IN

IN @ 77°F OUT@ 84°F

DOW !

SOW Seawater coolant heat
@ 7 deg F; 900 million
gal per day

Diesel equivalent: DOW/FW =14 DOW ipe at

9,000 barrel = $650,000 Need DOW pipe 5 feet diameter NELHA Big island
per day

February 21, 2007 Deep Ocean Water Applications 11
Power and Freshwater Technologies



System Performance

Reverse Osmosis Plant SWRO

5 MGD design size

85 ppm CI- chloride level

~ 4.5 kWh /cbm energy use

3.50 MW

$2.00 energy cost / kgal @ $120/MWh

$2.40 other O&M inlc. Replacement of
membrane

$4.40 per kgal total O&M

~ $ 55,000,000 Construction costs
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Stand alone DOWA-MED integrated into Power Plant

5 MGD design size
6 MGD with power plant
7.5 MGD after blending
85 ppm CI- chloride level
~ 2.0 KWh/cbm | energy use
1.80 MW
$1.00 energy cost / kgal @ $120/MWh
$1.70 other O&M inlc. Replacement
of of tube bundles
$2.70 per kgal total O&M
~ $ 50,000,000 Const ruction costs
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Project Example 2

Design of an OTEC plant for an Island in Micronesia
Ocean Thermal Energy Conversion (OTEC)
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Electricity from the renewable resource of the Ocea n
6 MW net OTEC plant for island in Micronesia

- ":"._ W
=
L ___.—'_H-\.

etween SOW & X

F g

Map shows Delta T b

InteNgace to island
electiyg grid

Interface to island
freshwater systen

\Water hose | | Power cable

Power generation units &
desalination units

February 21, 2007 Deep Ocean Water Applications
Power and Freshwater Technologies



Two types of floating platforms considered

Advanced semi-submersible /
small waterplane area platform

Conventional offshore barge /
converted ship

HELICOPTER

PLATFORM
CONTROLS AND
CREW QUATERS

| N N N N A A A -

OTEC Process
components SOW INTAKE @ ~
‘ 30 M m depth

OCEAN NUTRIENT ENHANCER .
*TAKUMI- -

__Committee on technology development of
fishing grc -reation using deep
il

w
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Process characteristics

SOW temperature and gross power output

0 OTEC gross
power output
29.5 1+ - f N
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Present Value —
Lifetime costs

Construction

Economic Performance

Renewable energy
product., e.g. OTEC

Early Payback

High future fuel costs

costs
~

\

Construction
costs
~

/

Conventional
diesel power
plant
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Late Payback

Low future fuel costs

v

—

Power plant lifetime (e.g. years)
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Future oll prices - determine payback

Low future fuel | The “ bottomless well” — low oil prices here to stay |
Not cost costs : =
competitive | OTEC plant is not competitive |

Cost Medium future End of cheap and easy oil — increasing oil prices
competitive fuel costs

OTEC plant is competitive — late payback

Cost High future fuel Future oil supply shortfalls due to resource deplet ion
superior costs

OTEC plant has superior financial performance —
early payback

A
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Defining future oll price scenarios

Medium future End of cheap and easy oil — increasing oil prices

fuel costs

Challenge = filling supply demand gap with increasingly diffi ~ cult
and costly oil products (new smaller conventional f ields,
unconventional oil, synthetic oil & fuel)

Supplying 0il and Gas Demand Will Require Major Investment

Millions of Barrels per Day of Oil Equivalent (MBDOE)
180

160

World Demand &,
Existing Field Decline ~ 4-8% | %"

140
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$5.00
S /
S $300 —//
3 $200-
g $1.00
$
$0.00 : ‘
2010 2015 2020 2025 2030 2035 2040
year
“Low olil cost scenario” for OTEC
plant assessment
(2% rise is very optimistic)
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Defining future oll price scenarios

High future fuel Future oil supply shortfalls due to resource deplet ion
costs
_ Challenge = supply shortfalls in conventional oil create
Peak in 2037 perpetual fuel crisis; decline in supply is inevita  ble and require
Peak in 2016 mitigation

Annual Production Scenarios With 2 Pgrcent Growth Rates and
Different Degiine Maflaods

Eillion Barrels per Year

& USGS Estimates of Ultimate R ecovery
2037
Ultimate Recov ery 7 $12.00
90 e ranabiity BBls I I L — |
s o , $10.00 , /
A0 Tean (expected value) 3,003 N 201 / =
High (5 %) 3,896 2 $8.00 ! —
30 / 1l]RZJn’P’h ga;t'};“geclinei g $6.00 i /
» r__,.J 2% Growth \ § $4.00 —_"_i/
& 2 Decline — . 1
10 / > \\\ g $2.00 T
0 s $0.00 1 ‘
1900 1925 1950 1975 2000 2025 2080 2075 2100 2125 2010 2015 2020 2025 2030 2035 2040
Hote: U.S. volumeswere added to the USGS foreign volumesto obtain world totals. ye ar
diesel costs =— = =—peakyear ‘
There is a 50% probability that 3,000 Gb . . .
or more are available as recoverable oil ngh oil cost scenario” for OTEC
resource plant assessment
3000 Gb Ultimately recoverable = “Expected” Scary but realistic
value
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Payback scenarios

Payback for OTEC plant on surface Barge/Ship

$300.0
$250.0 Late Payback [~
$200.0 Early Payback [—

00 ] B
——(

$100.0 /

PV [ Mio. $]

$50.0
$0.0 ‘ ‘
2010 2015 2020 2025 2030 2035 2040
year

PV avoided fuel cost - high costs PV avoided fuel cost - low cost increase

PV of OTEC constrcution & O&M
High payback in year 2023
Low payback in year 2030
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Future electricity costs

Cost of kW - OTEC on conventional surface barge/shi p
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——diesel power with high fuel costs —— OTEC power costs - surface barge/ship

—— diesel power with low fuel costs
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Conclusions:

J

J

Assessing competitiveness of future OTEC plants entails a
critical look at a future world, where oil will not be dominant

Energy-efficient technology is becoming readily available ..

But ... Biggest obstacle to implementation is the readiness
to Energy Change, human beings are resistant to difficult
Change

Energy Change requires future vision and mental ability to
cope with new and out of the box energy scenarios

Early mitigation will be most crucial to manage declining
availability, affordability, sustainability and security of future
energy supply — Waiting until energy crisis happens spells
dooms for Hawaii ... Peak Oll is huge Risk Management
Problem .. Not only for Hawaii
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Thank you
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