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OTEC : Ocean Thermal Energy Conversion

OTEC utilizes warm surface seawater
(approximately 25 ~ 30°C) and cold deep
seawater as heat source to generate energy.
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(¥ FOTECTS > b+ X—>K]] [Offshore OTEC plant conceptual image]
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Characteristics of OTEC

1 Clean and renewable
The energy source of OTEC is the seawater only, which
is clean and renewable.

2 Huge potential

OTEC can be applicable to about 100 countries, and the
power generation potential is estimated at 1 trillion kW
worldwide.

3 Stable

OTEC can supply electricity stably throughout the year.
This is a distinguished feature of OTEC comparing to
other natural energies such as wind power and solar
power, which are affected by the weather and difficult
to run continuously.

4 Contribution to the reduction of CO, emission

OTEC emits extremely low CO, in its whole lifecycle.
(CO, emission rate for 100 MW-class : 0.014 kg-
CO,/kWh) Also, CO, fixation effects can be expected by
diffusing the deep seawater after being used at OTEC
system onto the surface layer of the sea, since marine
plants grow well with the nutrient-rich deep seawater.

5 Other

Considering the secondary use of the deep seawater ,
such as fish culturing, agriculture, district cooling ,
production of mineral salt, production of fresh water
and mineral water, and extraction of rare metal (i.e.
lithium), the potential of OTEC is immeasurable.

For details, please refer to “’Desalination and
Secondary Use of Deep Seawater”.

REIAMLEH®  Power ration Cost Comparison

HEBAN SBFIFAER (%) FEEM (FA/kWh)
Type Load factor (%) Power Generation Cost (JPY/kWh)
1MWHR ()
1MW (Demonstration) B
BEREERE (OTEC) 90 10MWiHR  (FEZACEAR) . 15~25
Ocean Thermal Energy Conversion 10MW (Pre-commercial) ’
S0MWiR  (GEerEl) . 8~13

50MW (Fully-commercial)

FEEAHN BFIFAER (%) FEHEM (A/kWh)
Type Load factor (%) Power Generation Cost (JPY/kWh)
20104 20304
Year 2010 Year 2030
REFh . .
Nuclear 70 8.9 k£ 8.9 k£
BRXA GHBEKESFYA)
Coal-fired (The new policy scenario) =Y ShE 10
LNGAH (GFBERS FUA)
LNG-fired (The new policy scenario) =y 107 10E
B (BEL)
wind (©n slhere) 20 9.9~17.3 8.8~17.3
BH C¥LEEBRKRR)
Wind (Off shore; fixed-bottom) & Elaes Be~2S1
ASEEE ) 12 33.4~38.3 9.9~20.0

Photovoltaic (residential)

H OB [OXNFIRGIRERREE] (K36) FABREOFREIXL (200448 /20104 - 2030FEEFILISN) |
EREIEE ITRILF— - BERE JXNSRIRER 20115128

Source : “Cost Estimation and Review Committee Report” Power generation cost (fig.36) (2004 calculation / Year 2010, 2030 Model plant)
National policy Unit, Energy and Environment Council (December 2011)

iR EFEDIRE

Principle of Temperature Difference Power Generation

—SHEULK ([ BEERBORIE EISBIZE0N.
—For details, please refer to “’Principle of Temperature Difference Power Generation”.

E{EMM  Track Record
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HIT 5> MNERRat. #E
HHRRatt. RUSEME, PiRR
D [ 24FEiBFREKDFIA
SEACETEREFNARERIES
| EANBECHATIERL, &
RenxLIz.

OTEC experimental plant
(Kume Island, Okinawa)
1PC, Yokogawa Electric
Company and Xenesys Inc.
were jointly  selected by
Okinawa Prefecture for its
FY2012 Demonstration of Power
| Generation for Advanced Utilization
4 of Deep Seawater Project’.

OTEC system for research and experimentation
(The Institute of Ocean Energy (IOES), Saga University)
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DTEC : Discharged Thermal Energy Conversion

HEERBEZEZRE (DTEC)(E. THBRENSFEETSD DTEC utilizes low temperature waste heat from
ERHEREFIAL CREERITOSRATATY, various manufacturing facilities to generate
energy.

BBIR Cool Source

Ti5HEE
Waste heat from R SR K AHEIK
manufacturing facilities Hot spring water Cooling water

sl

¥E Power genera

DTECS>X> /A DTEC System

PRBE R RO

1 {KERHEERDBEFIA 1 Effective utilization of low temperature waste heat
CNETHASINTS (TR TSN TULZE/R. FKEPT. #ki0. This system enables to generate electricity by low
(EREDTIHTS> NTREICRET DIERBHER (200CL temperature waste heat (200°C or less) from the
T) ZRAVWCREEAREE U TVET, industries such as oil refineries, steel plants and

chemical plants.

2HIRECO, SESHIREZIR 2E . d co . ducti
B ER LR s, ETRIMNE ECO,HRAMRN nergy-saving and L, emission recuction
BTEET, DTEC saves energy and reduces CO, because the
e system does not use fossil fuel.
"’Euﬁfﬁwﬁg SR 3 Possible substitute of cooling facilities
SREETOCRORIMBMOREHEE S U THRTEET. The system can be used to substitute cooling facilities.
4i8Ki%K{E 4 Desalination

=7f7“> 3 ) & b?iﬁ?kib*i?M bﬁﬂﬁéfj’o o The system can produce fresh water by desalination (optional).
FULFHoME - FEKOSEFRIRZCSIR<IZS0, For details, please refer to  “Desalination and

Secondary Use of Deep Seawater”.

BEE g
TERARR TEHE, SBRK
FHEHN AU —REHR
VEEDTRAR RETO> R245fa
FEHIRL D 100kW
ERRE 70~100C
BHACRE 15~30°C
S—E> - FE —Eh—{ARE
TEFEEIEREN 35,000rpm
HEZHER SBRBETL— M (ERSZAXPTU—X)
& 182.5m x ®3.2m x ®3.2m
B8 7,500kg
BRI BREEE

INBUHEBARRE E% (Mini-DTEC)D454# |l Characteristics of Mini-DTEC

NNFARIRBERTHIG,. S AT LAEFUBIEUEERE Packaged system for small-scale waste heat

1 RMfi/REE - REIRX MERR 1 Low installation and power generation cost
H:.'T"ﬁu(“*ﬂ%&(i(imﬁlzé’e‘ BB T EZBHIERT D Mini-DTEC is fabricated at our factory to reduce
BCKODERULE L. installation cost at the sites.

23T )V isERE & NRUE 2 Simple and small
SRR DR R U R T — ML ER C&lCLD T We have developed highly efficient and integrated
FIRUFLUE. devices to achieve simple and small system.

332N\ MNBALXT, &% - BBEHEETT . 3 Compact-sized, easy to transport and install

INBPEBBEEFREEMAG Example of Application of Mini-DTEC

S#fE% Grid connection

TEPERKSBRK il I\N
o< Waste heat and hot water from @ o ev” c
— manufacturing facilities
E / Hot spring water

65~100 °C
Manufacturmg ¢
facilities / “ .l> ] /—\
1
N Ak RS E
Cooling water Cooling tower,
SRR Mini-DTEC etc.

Hot spring

BEEREDEE Principle of Temperature Difference Power Generation

—SHEUK ([ BEERBORIZ EISBIIZE0.
—For details, please refer to “’Principle of Temperature Difference Power Generation”.
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All-welded Plate Type Heat Exchanger “XP Series”

XP Series are all-welded plate type heat exchanger
with our unique heat transfer pattern and flow
structure.

The heat exchanger has distinctive features of plate
type heat exchanger; high performance and
compactness, and also similar characteristics with
shell and tube type; high pressure resistance.

It is commercialized by the technology that was
developed through research and development of
Ocean Thermal Energy Conversion system. It is
applied not only for power generation use but also
various industrial uses, such as pre-heater, cooler
and condenser, etc.

XP U — X (S I DGR 5 — DI B TNTHR
BIBERIE DOEBRENT L — MR T,
TL— bS5 TEOEEEEI IO NE. Z
UTEZERD LS REMER MR H B DRI
&/ CI,

R ERBOMEME TS > LK TRRAL
U. RERAEROMHRXSTY. FEES. HH28. %M
BRE, BAREERRCERVERITETS,

&
MEREERE - HIRBEEEREBIXTLICRDEND
ERBLUBRBEV DL _MRXFTRMEZRIEIT DR
ZWBLI TR, EEABRDR/ VYA R/ REMC
CEATEIARMBEZRBLELLTHDET.

Applications

With its various patterns of heat transfer plate, XP series
can be effectively applied to not only liquid to liquid uses
often seen in industrial applications but also demonstrate
higher performance under the conditions accompanying
phase change such as evaporation and condensation in
OTEC of power generation systems utilizing industrial
waste heat.

Track Record

Large-scale steel plant

- Seawater cooler for desulfurization process

+ Condenser for crude light oil refinery process

+ Raw oil pre-heater for crude light oil refinery process

- Seawater cooler for power generation process

- Heat recovery for CO2 recovery plant

- Seawater cooler for furnace chiller in large-scale steel plant

Plant facilities

+ Gas cooler (nitrogen mixture gas)

- Various cooler (petroleum product, antifreeze, effluent etc)

OTEC facilities (Kume Island, Okinawa Pref., Japan)

- Evaporator and condenser for power generation

Binary power plant (Waste heat / Hot spring)

- Heat exchanger for power generation by temperature
(FH difference, waste heat from steel plant and heat from hot

spring, etc.

E S

AR R ERFR

- BB Ot XM EKRHER

- HEEHARTIE SiEes

- HEHBARTIE FERURTHRE

- REIR SHKBKSHE

- CO2EBIRT 5> A EAEIR

- BIF R EIHE T B A B K AR AR BLER PR
TS5 hkfE

- ERREEGHARSHE

- RIESHSE (BRER. TRR. FER)
BTREERBER CPREAKRE)

- RER ZERBRUEMGS

IR BAS BN

- BEFREERL. RRE BRI PR EREIRR

[>T)L&Fa—T]
{EEVERE : $92000m
UfE : $92300W/miK
BX:2.5m x 15m x 2.5m x 15

FBR A TORKZIREGRT 1 DB
Size comparison of heat exchanger under
common conditions

)

[Shell & Tube]
Heat-transfer area : approx.2000ni
U-Value : approx. 2300W/miK
Size : 2.5m x 15m x 2.5m x 1 unit

AP=80kPa

[Conventional PHE]

{CEAVERE : £91000m Heat-transfer area : approx.1000ni
U{E : $94200W/niK U-Value : approx. 4200W/miK
B :1.6mx52mx3.6mx1& | Size: 1.6m x 5.2m x 3.6m x 1 unit

[fERBIRINER]

[XP2 U — X #zHaRg]
(XPS6R_7EEHH 60/ (RIL) x 28
(GBS : $9440m (1EH/=D0220m)
U{E : $910500W/miK
HX:1.2mx1.8mx2.6mx 2 &

[XP Series PHE]
(XP56R_7 steps-60 panels) x 2 Units
Heat-transfer area : approx.440mi(220mi/Unit)
U-Value : approx. 10500W/miK
Size : 1.2m x 1.8m x 2.6m X 2 units
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XPS U —X D45 racteristics of XP Series

®Low Pressure Loss / High Heat Transfer Efficiency
XP Series have unique plate pattern and structure that
decrease unnecessary turbulence of flow which does not relate
with heat transfer performance, and actualized low pressure loss.
The pressure loss of XP is smaller than general-purpose PHEs
under the same flow rate condition. So, it makes possible to
design for faster flow than general-purpose type, and fulfill the
specified allowable pressure loss. Comparing with shell and
tube type heat exchanger, etc., transfer performance of XP
Series is very high, and become overwhelmingly compact.

@ Space Saving
XP Series are extremely compact and saves installation space,

compared with general-purpose PHEs and shell and tube type
heat exchangers, under the same operating conditions.

For example, comparing with shell and tube type heat
exchangers, transfer performance improved drastically. So
applying XP Series can expect not only space saving but also
reduction of construction cost, plumbing cost, and maintenance
cost, and also have track record of reducing number of
required units.

-

@ High Pressure Resistance and Low Maintenance

XP Series are unified by welding heat transfer plates, so it
makes no leakage of fluid under high pressure conditions
such as 4MPa. XP Series can be described as heat exchanger
that has both characteristics of PHEs and shell and tube type.
As for maintenance, no need for large scale gasket
replacement, but cleaned by chemical solution and high
pressure washing. So, workload, such as fieldstrip, cleaning
of the plates, and reassembling, will decrease drastically, and
parts replacement cost will almost not be required.

@ High flexibility in heat transfer plates

We can offer eight (8) different plate sizes, from small to large, in
the same heat transfer pattern by our unique press technology.

® Low pinch temperature

Compared with tube & shell type, pinch temperature is low.
Profitability will improve by the increase of amount of evaporation
and condensation and the increase of the production such as
chemicals, under the same operating conditions.

® Downsizing the pumps

Pressure loss to occur in the heat exchanger will be reduced
(approximately 1/3, as compared with general purpose
PHESs), so, low-power pump can be selected.

@ Services for designing and evaluation

We have our own experimental equipment, such as boiler,
refrigerator, etc., in Imari plant, and we conducted in-house
performance tests for XP Series by various medium. Utilizing
these equipments, we can offer performance confirmation test
and performance evaluation service, conducted under simulating
your special environment. Please do not hesitate to consult us.
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Pr|nC|pIe of Temperature Difference Power Generation

25~30CORNMNEREK
Warm surface seawater (25~30°C)

60~200°COTIHHEE - SBRE
Waste heat from manufacturing
facilities, hot spring, etc.(60~200°C)

{FEh R

1 ZFH CTIERBROFBIRAZRIR (OTEC=25~30CDR
MWREK, DTEC=60~200COITIHHAK)(CKDMEL.
AFESIEFI,

2REUTAFEIRARS Y- E RBW RIS UREBLE Y.

34— EBREROIERRARRIE. HEiEaE C/a2R (OTEC
=5~7COBIZLVEREK, DTEC=10~30CODE)IIK - B
7K - TIHAVKE)CKD/GHIEN. BIKICRDE YT,

4R E 1RO IeAFB A E BUMFBITAR S T2 VL TER SR
[DEDIAHET

BER Cool Source

5~7COBTZLEREK

,;E%@%g Cold deep seawater (5~7°C)
Condenser DTEC

BB CTRARICR T
Back to liquid at condenser

VEBTRARCIR)
Working fluid (liquid)

0 10~30°COsE)II7K - K - TIBFAEKE
' River water, seawater, factory
water, etc.(10~30°C)

Working Principle

1 Liquid working fluid (WF) with low boiling point is
evaporated by heat sources (OTEC=25~30°C surface
seawater, DTEC=60~200°C waste heat) at evaporator.

2 WF vapor drives turbine generator to produce electricity.

3 WF vapor is cooled by cool sources (OTEC=5~7°C deep
seawater, DTEC=10~30 °C river water, seawater,
factory water, etc.) back to liquid at condenser.

4 WF recirculates in the cycle.

BEEFREIS> M =1L—4— [Mini-OTEC]

INEUGHSIRDT S NTRIBHRFEFRL CL\SIesh, FIR. b BRABER
HENBARENAITOE—23 VB LUEEY—ILE U TTIHFHR VRWTEDE,
CFECHUTEREEEZFA ULBKOKMEEBOBINGRE, FEHRITVAX
BHRETIDTITHRSZE,

“Mini-OTEC” Plant Simulator for Power Generation by
Temperature Difference

We have received favorable reputations as a tool for promotion and
education to school,
generation by hot spring water, since “Mini-OTEC” reenact phenomenon that
occur in the actual plant, in spite of the compact body.

Please consult for variety of customization according to your budget, such as
adding desalination equipment that utilizes low temperature difference.

company and for people considering for power

Tt 3% B 5%

Research and Development

O RFEAH EFHBETIHENELEL. DEEE. #TULFE
B AT LORRRAFEZITOTVET.

© EIRCEBIRAZAVERET A UILOERZITV. 5EHF
TERETOREIN'EIREIRTzeD, BEBRDOIEL - (HRICADE
TERBI AT L EEGRRFZRRICIREIT DT ENTTETY .

ﬁﬁﬁﬂiﬂ/—hiﬁﬁﬁﬁﬁuRyU—-’

O FRBTHZARLERD, BEERBLRLLARCAND
T ENTIRMEENEK - BIEEWEREDXPS ) — X" DRF
ZITO2THD. BELOFFZHRBLTVET,

© RSy, SR - A>T F O RBANDE L, & U THzEEM
@fﬁﬁﬁﬁﬂntb \Dfz. BRARBDBORKRMFEZITOTVET.

© R EPIMERS & DIAHEIES. NRVRFATTHERD, MBI A —T—
BEA—D—. MIX—H—EH SO, HATEE
UJZSRER - BT Z A ENE 2 Z LICKDEMRERIAR
BHEDOBRNEIRE(CIRD E LTz,

© HUTRARENT. ABEMRMNT. €U T3D-CADSRFTLEZERY
BTET MFEIXNEXIECHIRULET .

o ZEMHBRARREKBEZEAL T, BEHRODTBES LY
HRE (O I D RBOESME IR (CHBITEE T,

5¢ Ak it £ 2 BR
Hydrostatic Test

FE D38 SR
Pressure drop Test

Thermal Energy Conversion

®Tokyo head office and Imari plant are jointly involved
in the development of new power generation system
and the optimization of the design.

® We have facilities to conduct experiments of power
generation cycle utilizing working fluid to validate the
design in a short period of time. Therefore, we can
promptly propose to the clients the power generation
system with operating conditions incorporating their
requests and specifications.

Allwelded Plate Type Heat Exchanger“XP Sexies”

e®Imari plant plays a central role of the development of
XP Series plate type heat exchangers. XP Series is
designed for different thermal energy conversions. Our
patents made it possible to achieve low pressure-loss
and high heat transfer of XP Series.

® We are conducting research and development in

various fields such as production technology,
improvement of the reliability and maintenance
technology, and research of new materials.

® The development of an efficient heat exchanger
became possible by technical partnerships with public
research institutes, material manufacturers, equipment
manufacturers, and processing companies, etc., and by
combining the experiment and analytic technology
accumulated in-house.

@ The cost for development will be reduced drastically by
thermal fluid analysis, structural analysis and 3D-CAD
system.

® We can judge product conformance etc. promptly
against client’s demands and specifications by using
various experimental devices.

Ty 458 58 5 5L BR
Bursting Test
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Desalination and Secondary Use of Deep Seawater

BRI TR, NSBRERE R TERDRK
fEDETRE T,

FEEAPD (LRFIA)
Generation Part (Primary use)

90°C

HEB(HRE)
Waste heat (Gas, etc.)

REBHEBFIATE
Reusable after generation

iBIKiIKIE Desalination Technology

Desalination  utilizing small  temperature
difference, as well as power generation.

H—ESFEH
Turbine generator

30°C

#K Seawater

REHRCHF AT

L& (2RFIA)
Desalination Part (Secondary use)

BTIER
Heat exchanger
(Pre-heater)

1) DTECTHIZDERNHADIEE

{FEhIREE

LEEKE S50 UEEICRIENEERER CEMMNET,

2{RETF THROTH>IoEKE ERBANTESERLET.
(TSVSa7H)

3 RE ULRRIIEHRSR(CORIVAHET .
4 5HESRANT, BRUIFHSNTHBL., RBKHIRIEENFET,

KoK IEE DT

1 REBELOBHFEDEDATEE
OTEC-DTECLHFZEDE DI LICKD. HELRER(CHEK
ERKETEET,

2 [RiBKDKEMMES TEERTHE
PEE LT, KEDEWEBKICERTE, KEEEDZ
SHOBREHREEERECT.

3KEDE VK EERE

BENDHRKDERF, FEBKLNILTHDIzH, BRALITT
1x<. ITHEFBTEETY.

4 KOIRVRER P SIHE T (XIEE (CEZ 5T
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&
40°C Flash Chamber

£ %

KESHBEEN,
BUEUTERBKERS,.
The vapor is cooled and
condensed by cooling water . I
to turn into fresh water.

40°C Reusable after generation

BT
Heat exchanger
Condenser

AR (EAKARHEK)
Cooling water
(Seawater, fresh water)

EX) When heat source is gaseous

Working Principle

1 Warm seawater is supplied into a depressurized flash chamber.

2Warm seawater evaporates itself instantly in the flash
chamber, which is called “flash evaporation”.

3The vapor is directed to the condenser.

4The vapor is cooled and condensed by cooling water to
turn into fresh water.

Characteristics of Desalination

1 Integration with power generation

Combination with OTEC/DTEC enables simultaneous
power generation and desalination.

2 Applicable to low quality raw seawater

Tough against low quality raw seawater. No need for skilled
operator for seawater quality control before desalination.

3 High quality product water
Distilled water can be produced, which is easy to be
used for industrial usage as well as drinking water.

4 Very important technology in the regions with
scarce water resources such as Middle East or
the island countries.

BPREERE T, BUKUITEFREKEREL
TR, ZENICHATEERT.
RPH EFTEREEKEG. FECHALZREKERENDSTK
BE10~12CRELARRTH D, TORMEKEE. B
¥ ERECESFIRTZIENTEET,
EECRBHEKEEF CREEES < SOBHLBBD. T
NEFIR U EEORHEHFTEET,

"\_!

IRLF— #BK B Kb
Energy Desalination
KRB B K
ALY P
RBEE RELE
Hydrogen Drinking water

Liquefied fuel
Battery charging

\

=53]
Electricity

Distilled water

BEFEBEERSE
OTEC

EE/K Deep seawater

BEERE KD
1{KiRE
—HEI(C, ACR1000mM(CHBIFBDACRITERM%ZE S CRIE T,
2EREN
BTS20 SORMEB LR ZS, REIENHEINT(C
BESNTVWET,
35T
EMBENEEAEBDERA,
4 KEDEEN
SRBEKEN. FMEBUTEFEAERILLERA,

AARRKOSERAR

Deep seawater pumped up for OTEC power
generation can be utilized for multiple purposes.

Since deep-sea water maintains its low temperature (10-
12 degrees Celsius) and unique mineral properties after
use in OTEC power generation, the water can be used in
fishery, agriculture, cooling, and other fields.

It is expected to create industries by utilizing these deep
seawater’s features, which is clean and nutrient rich.

« L7 XA5)LENR

CRIEE - KEMA
-Bm -8R - EBRE

« Extraction of rare metal

- Algae culture - Fisheries
- Foods - Beverage

- Medical supplies, etc.

5 F A
Components available
-

FI A
Cold energy
- ESE - BzEs
- REVFIFRREEE
- BBV FKESE

- District cooling

+ Air conditioning

- Agriculture (cool green house)
- Fisheries

Features of Deep seawater

1 Low temperature
Less than 5°C at 1000m depth in general throughout the year.
2 Nutrition richness

Resolved nutrients are not consumed and accumulated,
due to little consumption by phytoplankton.

3 High purity
Little contamination caused by organisms.
4 Stability of water quality
Temperature and quality of water is stable through out the year.
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