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1. KRISO KRI SO
(\Vision and R&D Objectives of Strategic Technology )
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1. KRISO KOREA

Development Cooperation

SDGs Action by applying KRISO’s Emerging Technologies
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QEERRC Location of SEPRC, KRISO

(Seawater Energy Plant Research Center)
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2. SEPRC
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[ Establishment of SUPRC (2001~2005) ]
& Purpose: R&D of multi-purpose use of DOW
& Capability: 2,000ton/day of 300m/500m DOW
& Construction Period: ‘04.8 ~‘05.12 O[SAH;RS 5Bou(;gi2ngei(i|’;?r$mt2y]31 —=
¥ Location: 245-7 Oho-ri, Jukwang—-myeon, GW | 5 HQ Bd,, SWE éd, DESiL’Bd?

@ Facility : SWAC, OTEC & NF-RO test etc. Exhibit. Hall
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2. SEPRC Major Facilities of SEPRC, KRISO
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Research Areas of SEPRC, KRISO @9 korea'

SUPRC main research areas SUPRC

OTEC (Ocean Thermal Energy Conversion) system SWAC (Seawater Air Conditioning) system

Compressar

© h OTEC, working fluid (R32, elc.) evaporates as it gans heat energy fram wanm
surface eeawsaler, and condences as & loees heat b cold deep seanatar.

© Resuing flow of the working fluid rotaies the turbine and genarates elednoty
“Closed-cycie, Oper-cytie, Hybrid-cyde can be appiied for electricity and waler

O SWAC utiizee coldnees and heat of eeawater as hest sourcee for heat pump
far cooling, heating, freezing, and hot water supply.
O Heal pump can saitch o cooling If Tves way valve is used flom heating.

" S - J
R . ™ . » QA
Desalination system Plant cultivation system
=P N n 3*
and minerals 5
L Humidity
'? CO2
il P s
irirkabl > | ﬂ. .I. .l'.
KelpFores1
!
O Evaporaive concentrason and electrodialyss technoiogies exiract minerals
and produce concentrated decp scawater. O Nufricrt salfts and mi is from decp arc ulilized &3 main compenents of nutricnt
© Membeane fechnologica: RO{Reverae Oamosais), NF(Nancfifrafion), ED(Electrodialysis) eolution and esawater basad heat pump controle femperatura for optimal growth of masine piants
O BExiraciion technologies: MVR[Mechanical Vapor Recompression), such as seanveeds, microaigae, and land plants such as fruits and vegetsbies.
- VMC(Vacuurm Memirane Disillaton ), AD(Adsoprtion Desalination) b B © Floatng or movable seawater ulilization plart cultivation plart (Scawater Farming Pant) 4
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3. OTEC

OTEC plant to supply essential electricity

® Electric power can be generated by rotating a turbine using
gaseous flow of evaporated working fluid. Warm surface and
cold deep sea water are used for heat source and sink,
respectively. OTEC can be applied in the (1) closed cycle and
(2) open cycle modes.

(1) s

Fluid

Generator

Generator

L

Heat Exchanger
(Evaporator)

Fresh Water
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Discharge

|||||

50kW—OTEC(Japan 13) 15kW onsc(ﬁ“?"&féh ﬂ
PO Do o [ S s ""Wt -
- ﬂﬂ || EHEGI__ILA” ¥ V"Q‘ : i T ‘ 2

X :v;’_',w g
- — RN . )\f:ﬁ “‘1}' "« LI SRR T



http://upload.wikimedia.org/wikipedia/commons/3/33/OTEC_in_Hawaii.jpg

i . KOREA
History of OTEC R&D and Projects "7 ——
22kW
In 1930 210kW

. M 1974:Hawaii

. established : L y ' g
1531:  1930:Georges o iral Energy 1979:50 kW 1981: OTEC-1 1981: 100KW. 1993: 250kW
d'Arsonval  Claude Eaborarsi 1975:NSFOTEC ~ Mini-OTEC Test OTEC Naury  1983:CWP At  Open Cycle
(NELHA) ¥ Studies (Lockheed & Makai) (DOE) Plant Sea Test (PICTHR)
(Lockheed, TRW )

(Toshiba) (TRW for DOE)

1996-2000; NS

5&'(5‘3’":" i g’fE'ac 2005: Diego sot1: 15k orgc | 203 SOKW OTEC Test
Garcia . D : (Saga Univ")
(NELHA) Plant Feasibility 2007-present: Pilot (DCNS) 4 2013 : 20kW OTEC Pilot Plant
(NIOT) (OCEES SBIR) Plant Design 100kW

(Lockheed Martin Team) In 2016 (KRISO-OTEC, Korea)

2015 : 100kW
OTEC plant
Grid-connected

(NELHA/MOE

338kW .

s 2919 ; 338kW ) | : Ve s
inthary e Floating OTEC plant A - e e
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E OTEC
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Global OTEC R&D and Demo. Projects

"

Kumejfa Island
Okinawa, Japan

J00KWplant

PIOMY plant

Big Island, Hawall s, : 8MW planl

$aga, Japan S 1SMW plaa\;
1MW plant
OCEAN THERMAL A
ENERGY n
ERSION 1-10MWplant

2MW plant IOMWpIanI Above TOMW pl Fy— T07MW plant
nal AL ~

La Reunion, France
15kW plant an SOW ple &

@ Operational
@ Construction phase
@ Planned

- @ Proposed
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i
3.0TEC When will OTEC be commercialized?

N
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Summary data averaged for each stage of deployment, and each technology type LCOE of K-OTEC ,l'};:R_|~_T,|:j'| Rak | County | Prce |Blecooty| Renewble | Renewble | Popustion
- ((/ont) | spphe¥) | Boergy | Baegy | (tousand)
Deployment e Wave Tidal OTEC Conditions | Even price Prdetin Rre)
ariable - 1 . .
Stage | - Min Max” | Min [ Max | Min | Max Basis | $0.394Wh (M)
Project Capacity ! ¥ |3 | 1w | o 5 N0 vemew | 18159 | 21 | s ) u5
(MW)
.,, CDM 208/t | $0.38/xWn |/ i
E”::"“.‘”tl CAPEX ($/kW) 000 | 18100 | 100 [ 14600 | 25000 | 5000) [ | 1| ko | W8 15| 23 [ M SR
irst Projec — sk
Reduce initial
GSHAIERTEGN 140 | 1500 | 160 | 1160 | 800 | 1440
cost :15% $0.34Wh 3| Cook blanb | 4465 b 528 i pl
Project Capaci
“[:J’: } GO [0 |05 | s | 0| o | |Redweinita gosokdn| || | w | w | w | e
fe==z===y | oost:30% [0
Se'f“'}d CAPEX (4 W) 3600 | 15300 | 4300 | 700 {_tse00_| 3000t il I el M I T R
::E':]Y" F RS0 100 | s00 | 150 | 530 | 480 | 9a0 KRISO's Goal s | me | aw | o ” 3 y
ilahili 0
Project Availability (%) 8% | 9B% | 8% | 98k | %% | 9% $380~390/MWh : o | 6 " " "
EEVIEROar B 30% | 35% | 35% | 42% | 9% [ 97h < IMW OTEC > o
LCOE ($/MWh) 20 | 670 | 20 | 470 QL350 650 2025 B Tosp | 4 | 8 | 1mw | om 105
Project Capacity
2 75 3 50 100 100 9 | Samm | 50 H 2108 0.4 1
(W) $190~200/MWh
First CAPEX (S/kW) 2700 | 9100 | 3300 | 5600 | 7000 | 13000 <10MW OTEC > 10 | Newn | -4t | 100 | 2007 101 10
Commercial-  OPEX ($/kW per year) & Palag
scale Project  Availability (%
: t:it] ; $90~100/MWh | o | wel | 30 | % | wn | o | %
apacity Factor (k) < 100MW OTEC > -

LCOE ($/Mwh)
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3. OTEC ik i
R&D Initiation and Basic Study
Basic cycle Ly
] ihﬂ

Basic cycle Heat added Hnﬁwﬁ w

Heat added Generator
Basic cycle Reheater

Reheater Turbine 2EA

Basic cycle Heat added (Generator Reheater

Heat added Generator Reheater Turbine 2EA
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e Experiment of 20KW OTEC @ ror=»

Demonstration of 20kW OTEC pilot plant based on R-32 Rankine cycle
developed by Korea Research Institute of Ships and Ocean Engineering

2013. 12. 24

HUH6H JKRISO / SUPRC
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Assembly and Operation of 1MW OTEC barge
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4. SWAC
Sea Water Air Conditioning by HP or HEX

® Air-conditioning source can be acquired from
1) direct heat exchanger by cold deep ocean water
2) cold heat of evaporator of heat pump
by use of seawater as a condensing heat source

Cooling Mode Heating Mode (water heating)

1)HEX or 2)HP

The Seaside Momochi District Supplies
Heat using the Unutilized Energy of the Sea

“HEX & HP (SUPRC, KRISO) | * MHEX mrt, Bora Bora) D HP (Momoc id |stnct, Japan)
i By applymg SWAC to SPERC building in 2010, we cut down 80% of energy cost. o
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4. SWAC
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[ SWACMock-up ]

[ 60RT SWAC systems (DHX & Tandem HP) for SUPRC building ]
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5. Desalination

Seawater Desalination and Extraction

5
Desalination is the method of desalting saltfrom
seawater to produce drinkable fresh water
- Desalination method : RO, NF, MSF, MED. ..

- Salt making method : DE, SD, VRSD. .. .
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6. Agri/Aqua-Culture g KOREA
Hydroponlcs & Aquaponlcs

/Hydropomcs and aquaponics \

Seaweed culture in open sea or tank on land

Deep seawater, rich with its nutrient salts, provides most ideal condition for
seaweeds. Seaweeds are used as food, cosmetic products, and bioenergy.
Also, they absorb carbon dioxide through photosynthesis, which helps reducing

\global warming. J e

[ Seawater and heat supply for agrlculture ] [ Seawater and heat supply for aquaculture ]

Agriculture / ) 4 Aquaculture

(OF SHIPS & OCEAN ENGINEERNG ) 2
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7. Industrialization KOREA

Establishment of DOWA Industrial Park ® “*"*

Bottled water, salt and heat supply for food making ]
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8. Climate Crisis

Energy consumption and CO, emission
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P8. Climate Crisis

Food Supply affected by climate change

The future of food .
and farming: O 5SOs
By 2050, climatic impacts on food security will be unmistakable.

There are likely to be 9 billion people on the planet, most people
will live in cities and demand for food will increase significantly.

KOREA

Development Cooperation

Widespread impacts on food and farmings are hicshilv likelvw

Fisheries
yields in
high
latitudes

Average decline in yields for eight major | Marine fisheries will
crops across Africa and South Asia also be affected

Flsherles yieldse

in the tropics .| -

SOURCES: Porter. J R Xie, L. Challinor, A . Cochrane. K.. Howden, M_ igbal, M_ M __ Lobell. D Travasso M. 1. 2014 Food

Security and Food Production Systems. In- Climate Change 2014 Impacts. Adaptation. and Vulnerability Contribution of %é% —— e
Working Growp If to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change http: Jwww ipcc-wg2 gov/ ‘_w“'m_"“ e
With data from Cheung @t al 2010, Cochranse et al 2009. Knox et al 2012 cGLAR Fooa Secwurity
MHFO"EHEGI A N oA e vy v . * 30 Lame i ben S angih |
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_limate Crisis

Water Stress Level:
“% of Total Renewable
Water Withdrawn

“% of Population By
Water Stress Level

B :_".1‘_
‘)UG

Metsor=2lE q;u\

KOREA RESEARCHINSTITUTE CF SHIPS & OCEAN ENGINEERING

@ <=20%

Future of water and water shortage

g Today: A Look at the World’s Water Stressed Areas
= = .

Water Stress Level
@ <20

@ 203 -40%%

® - 20%

@ 3036 -40%C @& = 50%
D 206 - 30°%% @ 4026 - 50%% Noc Data

Y% of GDP By
Water Stress Level

Today, 2.5 billion people, almost 40% of the world’s grain production and
almost one quarter of the global economy are presently at risk because of

_ non-sustainable water use.
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http://growingblue.com/the-growing-blue-tool/
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8. Climate Crisis [ 4 co o energy consumption

g World Energy Consumption

Primary energy consumption by energy source,
world
quadrillion British thermal units

transportation
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9. SDGs action
Food, Energy and Water from the Ocean

for UN’s Sustainable Development Goals(SDGs) action

I T TR
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ACTION

Deep Cooling, Desali Material Environment
secawater | refrigeration | -nation W extraction monitoring

Mixed
seawater

QUALITY
EDUCATION
Acguaculture
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10. SSUA

Meaningful Capacity Building

Framework of SSUA program for SDGs achievement in PICs
F, E, W? All?
Agrilaquaculture ‘ On-land OTEC
Objective ¥ é.g —
Embassay @ Tllﬁ i qu

Introduction & Discussion

Submission of PCP - OTEC

Desalination
Evaluation by ODA Ministry and
Committee KOICA etc
Edu. & practice
Bilateral ODA

d

Capacity building

Demonstration

S _ Multilateral
Distribution & spreading

ODA

— Self-implementation
Kol |
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10. SSUA

KOREA

Development Cooperation

Capacity building program in Tarawa, Kiribati(2016)

Dr. M. J. Kim

Prof Michaeina
<

| s Prof. Chol KRISO -
Prof. H. G, Kim
| Renewable
Sustainable : Prot. nveur S eragrom prof, Nutal
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Eco-Tollet Manager n n
. - Wonlyu Uni
Prof K. M. Kim /| L c nance
rof ] l OTEC/DOWA oglstics/Financ Seaweed

Chungnam Uni

Water Quality 1
g x>
KOICA- ‘ . =+« [ Honorary Advisor
’ B : = L. 7] (FB Kiribati) A. Tong
| = ]

Or.O. S
Moon
KRISO

Desalination

Bloenergy ‘

Seawater
Utilization
Academy

\¢

Prof. J. K Kim
Cheonnam
uni
Marine survey

Jeremy Mills

ODA

. 1 program
* - | | Director ¢ Kang On
| angwon Un
Prot. Ahmed | et e AR Agriculture
OTEC Jeon Diving
Hangvang Uni
Finance Qesalination

| Coastal
construction
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SSUA4GCP Workshop
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10. SSUA KOREA
SSUA Association project («iribati; 201822020y

New model of cultivating food is necessary
-a model that does not depend on land
-a model that maximizes surface area
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10. SSUA KOREA
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OTEC ODA project based on SSUA
(Majuro, Marshall Islands; 2023~2026)

Vo264 H MOFA, RMI |
|
KRISO etc. L

K-lecturers
SSUA

Association

5 --n-

Dosalinaton

Utilization

Component Details 2023 | 2024 | 2025 | 2026

Collaboration with the USP Marshall

SSUA [ E— | F— | — | —
Islands Campus

Power supply & cooling | 50kW OTEC + 150RT SWAC R I

Renewable desalination | PV power supply type 20™/day |

: 100 sets of hydroponic cultivation

Renewable hydroponics 4 ﬁ

equipment (3-stage type)
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11. The next : p
Blue Island proposal for tropical SIDS 7~

VLFS + OTEC/SWAC/Desalination/Aqua-agriculture Plants .

.

-y -

OTEC & SWAC,
~ Desalination Plant

b o
Pl Y
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12. Networking

E OTEC & SWAC S 0| Hyeon Ju Kim= 2| MEiS S 232

I 7| Z=esie| s EHE Y = A F 7t ZI28tAl2]
Tong CHE TMIA| 2014.1 azg 0| KRISO 3fj === 24 B
sosLct
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13. Networking
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We, the Korean OTEC ODA team, landed at Majuro air port last night, and started to meet EPA,
MOFA and MOE etc. to ask support for our activity. We are so delighted to meet RMI friends
here.
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