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NEWS & EVENTS Lockheed Martin and EaLivat |34 Kimeet |3
Reignwood Group Sign 50 e 4
Contract To Develop Ocean
Thermal Energy Conversion

Media Contacts

News Releases
2013

January Power Plant

February

March

ril . . .

;” Project will build the world’s largest OTEC plant Media Contact

lay

Js

une BALTIMORE, Oct 30, 2013 — Lockheed Mariin [NYSE: LMT] and Reignwood Group Scoft Lusk

July have signed a contract to start design of a 10-megawatt Ocean Thermal Energy (240) 274-3554

August Conversion (OTEC) power plant, which, when complete, will be the largest OTEC scott lusk@imeo.com

September project to date.

October " .

November Lackheed Martin is the industry leader in the development of OTEC technology Additional Information

holding 19 related patents. The Lockheed Martin-Reignwood 10-megawatt plant is
2012 considered to be a crucial step in the full commercialization of OTEC Ocean Thermal Energy Conversion
2011 (OTEC)
2010 “The ocean holds enormous polential for terrawats of clean, baseload energy,” said
2009 Dan Heller, vice president of new ventures for Lockheed Martin Mission Systems and
2008 Training. “Capturing this energy through a system like OTEC means we have the
opportunity to produce reliable and sustainable power, supporting global security, a

2007 strong economic future and climate protection for future generations! .
2006 From WEB of Lockheed Martin
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e Sept. 9-11, 2013
Izgl;n'nds & |solated Communities Congress mgmaﬁunamlhgTEC Symposium MORGLULU, HAWAM

Securty, Business & Susiainabilly NOAA Paror

< Asia Pacific Clean Energy

Summit and Expo

International OTEC Symposium

The International OTEC Symposium will be co-hosted by the National Oceanic and Atmospheric
Administration (NOAA) Office of Ocean and Coastal Resource Management (OCRM) OTEC Team and the
Korean Institute of Ocean Science and Technology (KIOST) Deep Ocean Water Application Research
Center (DOWARC) OTEC Team as part of the 2013 Asia Pacific Clean Energy Summit and Expo. The
Symposium will provide a platform for infc ion exchange and di ion, and will identify steps to OTEC
commercialization for public and industrial sectors. Participants will have the opportunity to idenfify and
discuss areas of mutual interest between nations, developers, and researchers for collaboration on future
OTEC developments and studies.

Abstract Submission now Closed |

Co-Chairs:

Kerry Kehoe Dr. Hyeon-Ju Kim
National Oceanic and Atmospheric Administration  Korea Institute of Ocean Science and Technology
(NOAA), Office of Ocean and Coastal Resource {KIOST), Deep Ocean Water Application Research

Management (OCRM) Center (DOWARC)
Topics:
Policies & Finance Environmental Solutions
+ Building government support = Environmental Monitoring

11
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NAVFAC CRAD

2011

ONR HX Program

TRt Additional

10 MW
Pilot Plant

2012

10 MW Scale Plants

—lﬁ:KchJheed Martin’s OTEC Roadmap #

Lockheed Martin
Investment

1st 100 MW Plant

100 MW+ Plants

10 MW Pilot Plant Critical Step to Transition from

R&D to Opening of the OTEC Market
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Status

* 10 MW Reignwood Group project

— Memorandum of Agreement signed; progressing toward project
startin 2013

* NELHA Ocean Energy Research Center

— Continued Heat Exchanger deployment & testing in relevant
environment

* Makai plume model
— Support environmental assessments

ISR

DCNS OTEC roadmap & resources

Land based prototype 2011

Ambitious development budget since 2008
Up to 30 team members @ peak charge. A dedicated team with experts in every critical fields
(Thermodynamical engineering & system engineering, Naval architects, Heat exchangers,

Risers, Mooring system, Ocean survey, ..}
- 2008 : self-funded pre-feasibility study : Martinique case study
. 2009 : feasibility study contract with French Région "La Réunion”
. 2010: Tahiti Feasability studies with Pacific Otec local utility

. 2010 -2011: contract with French state and French région “La Réunion” for optimisation
process and risk mitigation, including land based prototype

- 2011/2012 : MolU's with expart utilities and SPV's

- 2012-2016 : contract with French region Martinique for the pre-dimensioning of a 10MW

pilot {submission to NER300 European funding program)
. 2013 : Onshare electric + OTEC / SWAC combined cyele project developments

. 2013 : first onshore full scale OTEC project to be announced
. 2014 : first offshore full scale OTEC project to be announced

£ DCNS,  OTEC rodmop — Moy 2013 | B

13
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Final Goals and Approaching Steps KJUSF%

HAANRIY

-

Design, manufacture, installation and operation of
100MW commercial OTEC plants in tropical waters

100MW OTEC « Prototype 100MW OTEC plant
Commercial Plant for commercialization

10MW OTEC « Practical OTEC plant for multi-staged use
Practical Pla « ODA project and deep sea mining assistance

+ Deign and fabrication of small practical OTEC plant
« Installation and operation for domestic(HdT) and
tropical(LdT) implementation of Blue Infrastructure

PR Educational demonstration of OTEC mock-up in 2011
y o)1 de SN ENE. Public demonstration of small OTEC pilot plant in 20

KEDBFREEZEREDEIR
TR —EA KR

178. Lockheed MartinttFL AW —2 &Y
T4t 1%, OTECERLICAIT. TRILE—K LY., &8 1million
=245,
SBIT5, OTECH+REKABISEL=#E, KT v )LOEIYHLIZER
L(ITE, T—5) DR,
RT—ILOTECTDSA 7Y A )L aRXMEE

‘,l%k EFiad kY XiE
SR21BftKEFFEREEH LY
By —RR—T %t (&, BERIFOTECHHMTT
ERATAEEBBELY TR TLOBEREIZDINT
#18.12million USD M R2#1% %11,
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Getting a Feel for an OTEC Plant 7‘&

From WEB of Lockheed Martin

First
assembled
core ring

October 27, 2010

From WEB of Lockheed Martin
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OTEC Test Facility

At the Natural Energy Laboratory of Hawaii Authority, Kailua-Kona, HI

Designed and Operated by Makai Ocean Engineering, Inc.
From WEB of Lockheed Martin

100kWIRIEDOTEC AR 223 ERESREREEE in/\T 1 (201147 A ERK)

Draft Environmental Assessment

OCEAN THERMAL ENERCY CONVERSION TECHNOLOCY
RESEARCH, DEVELOPAMENT AND DEMONSTRATION FACILITY
KE‘AHOLE, NORTH KONA, HAWATT

Approving Agemey

NELHA

MNatural Enesgy Laboratory of Hawail Autherity

e
~ ™ _J-E ™ Intsrustionul LLC
B —

———————

From WEB of
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/ EVAPORATORS / CONDENSERS

Home  Group Naval  Energy Innovation ~ Hydroptére DCNS Event

DCNS participates in the 3rd
annual Ocean Energy
Association (EU-OEA)
conference: Ocean Energy
2012

2012/06/25

Hotel Bloom, Brussels, Belgium

0On 26 and 27 June, in Brussels, DCNS will participate in the
3rd annual Ocean Energy Association (EU-OEA) confi

Ocean Energy 2012. This convention represents an
opportunity to discuss the latest developments in the field of
marine energies in Europe for all the sector’s stakeholders.

DCNS invites you to attend the conference entitled “reducing
technology costs: how do we go from 1 device to 100?" on
Tuesday 26 June at 13:55. To become a commercially viable
industrial sector, marine energy must move from a protofyping
phase to a mass-production phase. This session explores the

e

From WEB of DCNS

* Ocean Thermal Energy Conversion (OTEC). OTEC uses the
difference of temperature between the warm surface water and the
cold deep water to produce electrical power 24 hours a day, 365
days a year. In this sector, the regions of Martinique and Réunion
are pioneers. In effect, DCNS delivered a land-based prototype to
the island of Réunion at the start of the year, with the objective of
testing the power production system and validating the
performance of the OTEC technology. Additionally, further to the
region of Martinique’s application to the European Investment
Fund, NER300, DCNS and STX have signed an agreement with
Martinique relating to the installation of a pilot plant by 2016.

17



Projet ESPADON : deux objectifs techniques
pour développer | 'E.T.M

From WEB of DCNS

Application of ocean thermal energy makes a brea

2012-10-11

Tt is learned yesterday from the First Institute of Oceanography of the State Oceanic Administration that the "Eleventh Five-Year"
National Science and Technology Support Program-135 kdlowatts thermal energy generation device research and pilot project by
Liu Weimin researcher has passed the acceptance. China therefore becomes the third country to generate electricity with ocean
thermal energy after the United States and Japan.

Tide energy. wave energy and ocean thermal energy are major forms of ocean energy development and utilization. According to
surveys on ocean energy reserves carried out in 1960s and 1980s, ocean thermal energy accounts for more than $0% of the total
ocean energy. Therefore ocean thermal energy is universally agreed by the mternational community to be most potential clean
marine energy. China started 15 kilowatts thermal energy generation device research and pilot project in April 1984

Accordng to the Liu's representation, the principle for generating electricity with ocean thermal energy is to pump seawater
with heat-exchanger pump to an evaporator. then the liquid ammonia which is used as working medium changes into ammonia gas
after absorbing the energy of the warm seawater, the rotation of ammoniza turbine promoted by the ammonia gas leads generator
to work. Next the ammonia gas changes back into liquid ammonia by the cold seawater in the condenser. Thus the system works
and generates electricity uninterruptedly.

The project established our first kilowatt-class thermal energy generation devices which fills the gaps m this area. Because of
the stability of the output of ocean thermal energy generation system. this technology can not only be used in the construction of
the mdependent power generation system on the island of the South Sea, but in the power generation with offshore oil platforms
and geothermal energy. 7
It is learned that after the acceptance, the research team will continue to concenirate on ocean thermal energy application to
realize the scale and standardization construction of pilot power plant. increase generating capacity. and to solve the worsening
energy crisis through development of ocean thermal energy generation technology.

18
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G o evero wsona

INOCEAN (2011) has ratified national-wide
ocean energy potentials based on previously
conducted exploration/surveys

Theoretical [Technical| Practical
(GW) (GW) (GW)
Tidal current 160.0 22.5 4.8
Ocean wave 510.0 2.0 1.2
Ocean thermal 57.0 52.0 * 43.0*
Total 727.0 76.5 49.0

BEEREOHL IO ER

EBRAEMRE T E=THE

*depending on the technological maturity and market development,
including availability of successful project in gird connection.

EBRAET o E=T EKDEEME/FHLOS AL
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- S
ute of Ocean Energy,
Saga University (IOES)

pirogen,Production

[T L]

m Deep Ocean Simulation System Hydrogen Production & Storage System
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6. BFREEERTEOELE

A

p

o HRERBISOVTIE. ARBOHEN—RSAIVBENEE. BHEEERERIM
DEIATSURELTOET IV IEEEEEL ., £ EifiH $1/5%1,000~2,000kW ) #i
LB SR DB E TS T,

s AXETREZEDENREEKEEN8CIZHL. RELEFE22CETREMNET
T3, LIz oT F£T L FICKRE - FREOBEZEIN/NS > THRFHESR A A]
BEThHY. N ORXETHEEFIARFEIBILEG T 5ZTDEEHE NEHERT S
CEEERIC HBDORY) —=2 T E LT,

o ol &AL, BFUE CHALASHRERELL,

A /
——

- REKREHLUVERE: 12,150 m3/h, 25.7°C (£ 1Y)
- RBKREBLUERE: 9,710 m3/h, 6.7°C (BU/KRE700m, F£F 1Y)
-REEA: 1,250 kW (FE# : E17KB )

EERK 1,770kW, ZEF /s 700kW
- FHREERIUEMZEEER: HFKEE10,600MWh/E ., EEE9,880MWh/E
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6. B EREEREOEKEE
BEMEORET

- REKRBITERBKOERMARICONVT, MAEL0.T A/mi LSS DR EBEMOEEEZRT .

- HEE(AE. NEDORITBETRET AL X —HIfTEE IICIMWEREIE TS 0 BZELL TER
SN 1=T40~60M/KWhI &Y IFHMIEL, ChiE, EBFERBAEEFIAIZEY, BKDI=HD
IR OFAEIEEERED CTEMRICEL LD THS.

HH Hifir #ohtt
HI Y BE e A Wlish - 0 172 2/3
HawicaTsacam M 3.077 1.538 1.026
fHFE i} 30
itz 7 ERARIES 5
2 5 ARH & 5 MAE 10
P A i m¥h 12,150
TR Al m¥ h 9,710
SRR MWh/4 9,880
& MWL
% 0 5 24 9% M/kWh 10.4 5.2 35
i M/kWh 0.5 0.5 0.5
AT AR M/kWh 1.0 1.0 1.0
R K f AR M/kWh 1.3 7.3 73
VRN Al 1R M/kWh 5.8 5.8 5.8
&t M/kWh 25.1 19.9 18.1
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