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The Seawater Energy Nexus:
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Decarbonizing Marine Mobility:
Powering zero-emission electric vessels
with Marine DC Fast-Charging.

Solar arrays Heat pump
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Salinity Gradient Energy '(SGE): Harvesting
energy from the mixing of freshwater (from
Kampwelch & Angabunga rivers) and - ;
seawater via Reverse Electrodialysis (RED). - SEAWATER

FLOW
Deei)m,tfé Electrochemical
lon Exchange  Electrochemical OTEC (e-OTEC): (~200m) OTEC (e-OTEC) — _ The Blue Battery: Direct Ocean Capture (DOC):

G brade Uses Thermally Regenerative Seawater based storage Capturing coean C02 to cynthesize

Electrochemical Cycles (TREC) with usin sallnltg 8-pft gradients, Methanol (e-Fuel) for sustainable
Cu Foam shallow intake depth (200m) non-Rammable with chemical & fuel use.
Bipolar Stocks - hoosting efficiency from 5% to 15%. f LCOs < 300 KRW/kWh.
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Technology Comparative Performance
Mechanical OTEC  Electrochemical OTEC (e-OTEC)

Thermal Efficiency ~3% 10% - 15%
- r-S : o
o - - B - Massive Scalability: Required Intake Depth 1,000 m ~200m
58% Reduction in LCOE 10 ¢ gg'gg/kWh E- PNG's river discharge offers . . : :
Hybrid systems (Solar + Heat Pump + 53 . GW scale SGE potential, and Primary Cost Driver Deep-water CWP Pipe | Modular Electrochemical Stack
Thermal Energy Storage) significantly . shallow-water intake drastically : .
reduce Levelized Cost of Energy. Lower Cost than Fossil Fuels lowers CAPEX for ocean energy. e ensity Lo e L b Tad)




Introduction

« CTCN TA: Country-wide Feasibility Study on the Potential of Ocean Technology Energy Conversion
(OTEC) in Papua New Guinea

* Request Title: Pre-feasibility study on Salinity Gradient Energy Technology
* Climate Objective: Mitigation of Climate Change

* Sector: Energy

* Linkto CTCN Programme of Work: Energy Systems

* Mainresults expected from TA:

a) Increase capacity on non-GHG action-based Targets (under the PNG’s NDC - increase data
availability);

b) Enhance data collection on OTEC potential in PNG;

c) Increase penetration of OTEC in the country’s energy mix;

d) Develop National Policy on OTEC in PNG;

e) Training and Capacity Building on OTEC in PNG. KGID
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Working Principles

l

e-OTEC (Thermal Gradient)

Warm surface
water (29°C)
Deep cold
water (4°C)

Input: Deep cold water (4°C) + Warm surface
water (29°C).

Role: Steady, dispatchable power supply.

|~
' U | |

.

I

L.

|

HARNESSING THE SEA: CONTINUOUS & STABLE GENERATION

Salinity Gradient Power

OSMOTIC

PRESSURE POWER

Input: Osmotic pressure difference between
freshwater and seawater.

Role: Constant Base Load for the port hinterland.
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Working Principles

BlueBattery: Powering Energy Storage with Seawater

Charging: lonic Separation

Solar power splits energy

energy to leare on acohatic
l energy and power energy.
q )

o BlueBattery 5

N

Saltwater

o o |
Basic | g Acidic
Catholyte § { Anolyte

57.6 kJ/mol

Energy Storage

Storage is achieved through the combination of
acid-base junctions and concentration gradients.

Semi-permeable
membrane

Desalination
Co-benefit

Basic
Catholyte

Discharging: Acid-Base Reaction

Stored acidic anolyte and basic
catholyte react to release
stored chemical energy.

The process results in the
production of desallinated water
the central seawater chamber.

COMPARATIVE ~2,500 mH,0
ENERGY PERFORMANCE

3x Higher
Potential

than Pumped
Hydro

<800 mH,0

BlueBattery Pumped Hydraulic

(Seawater-based) (Dam)
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Seawater-Energy Nexus

f1 *| —F— a

THE BLUE BATTERY HUB: ERADICATING CURTAILMENT
Core Function: 1 e ey
Redirects excess solar and wind energy A
from onshore arrays into massive N |
seawater-based storage systems, ensuring | - =
100% utilization of harvested power. A gl _ STORED

| & . = POWER FOR GRID
LT , & SHIPPING
EXCESS SOLAR - & &
& WIND ENERGY =5 |

7 1 \ 7 pensity: 10 Wh/L
IR

N ~ Levelized Cost of Storage (LCOS):

< 300 KRW/kWh
|5 |
| l |
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Implementation Plans

SYSTEM ARCHITECTURE: THE 3-LAYERED ECOSYSTEM

Surface &

Onshore
(Grid & Distribution)

Sea Level
(Storage &
Transport Hub)

Subsurface
(Deep Sea
Energy Source)

+ Captures Solar PV & Wind.
+ Seawater-originated Energy

* The Blue Battery Central Hub

» Powers Zero-Emission Electric

+ e-OTEC: Harvests thermal

« Salinity Gradient: Leverages

Storage Tanks bridge offshore
harvesting and onshore demand.

(Density: 10 Wh/L, LCOS <
300 KRW/kWh).

Ships & Direct Ocean Capture (DOC).

gradients between warm surface
and cold deep water.

osmotic pressure differentials.
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e-OTEC energy potential assessment

Beyond the Data Desert: Powering Papua New Guinea’s Blue Economy

The “Data Desert” Crisis

A Crippled Observation Networt%J ¢
N ;/'H

(o) g 8 <o
i o
Y (D) \:;:i/":’//
. 24l \ " PNG operates only 13
(((.r))) ., em’ weather stations for a
.ﬂs/ o vast Exclusive Economic
"""""""""" Zone of 2.4 million km".

Economic Paralysis from
Scientific Blindness

w

Lack of data caused unpredictable dam droughts and mining
shutdowns, forcing expensive shifts to diesel power.

The Infrastructure Deficit

Rugged terrain and brain drain
have paralyzed traditional
ground-based environmental
monitoring.

The Reanalysis Solution
& Ocean Energy

Harvesting the "Free Energy
of Mixing”

Salinity Gradient Energy (SGE) converts the salt
difference between rivers and seas into electricity.

Strategic Site Selection
Success requires stable & W,

river estuaries with low \\ 1
“fouling” risk to protect

sensitive energy =
membranes.

Traditional HYCOM Reanalysis

Observation (ESPC-D-V02)
Data st e | 000000
Continuity Uneven & prone Gap-free 3-hourly

to gaps time series

Spatial Q ﬁ
SEOPE Limited to 3D Vertical Profiles

surface “skin” (0m - 5000m)

= - 'R KGID
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Low / Fragmented High 1/12° 2 0 2 6
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o
Capacity building

UN CTCN TA Wor kShOD

Date : 2025.5,25..5025.5.31

STCN TA Workshop

2025.5.25~2025.5.31
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o
Collaborative RD&D
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Seawater Energy Nexus : Future works

The Seawater-Based Energy Ecosystem: From Storage to Zero-Emission Transport

THE BLUE BATTERY HUB & STORAGE

High-Efficiency Energy Storage
Seawater-based batteries achieve 10 Wh/L
density with costs under 300 KRW/kWh

Curtailment
Prevention

Surplus solar and wind energy
is captured into seawater-
originated storage tanks.

Integrated Resource
Recovery

The system facilitates Direct
Ocean Capture to produce
Methanol (e-Fuel)

DECENTRALIZED ON-OFFSHORE APPLICATIONS

Fossil-Free Maritime Transport

Electric ships utilize seawater
secondary batteries and e-Fuel to
eliminate air pollution

Multi-Gradient Environmental
Power Generation Protection Measures KGID
Salinity and thermal (e-OTEC) Integrated ballast water management
gradients provide consistent prevents water pollution during energy 202 6
"Base Load" power for ports and transport cycles SEJONG

Official Use Only



Seawater Energy Nexus : Future works

PNG HYBRID e-OTEC PILOT PROJECT: Accelerated Decarbonization and Lower LCOE
- 1UMWNET OUTPU PNGPILOTPLANT (Port Moresby‘ . cr 0ps|#30 2L

=<
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D g ey - NEW = == (Mpdular 3D structure) . = Optimized operations - (:é;; :\:ZTFTJ",\;AAGE 3)
- : n‘ z 24/7 POWER i .
~<.ag 8 _‘ a7 E System optimized between generation,
(

HEAT PUMP BOOSTER
ENERATION HUB storage, and grid dispatch

: Sola ray , V- : Firmed by Solar/HP)
(A O - :.""»-:-.w.x , | iy Los L lNTEGRATED
R | e s M )/ |eeneraTionHuB| _ .
Heat Pump | hear e e B - (& automated arms) J 2V YECTRIC FERRY
 sTonice g L ; e N — (PASSENGER & CAR)

- e 7 \ Deep-Sea Cold 53 “
Water Intake

Boosted ! - Iegrated  MARINEDC  MARINE DC

THERMAL ENERGY () e Blue Battery  FAST-CHARGING FAST-CHARGING

Surface Water Warm Wat
9.32°) SIORASE (TES) ESS TERMINALS TERMINALS
(e.g., from <IMAGE 4) ELECTRIC

Intake (29°C) (e.g., 32°C) (
— ' ‘ TOUR BOAT
ottt = 0. Higher Power Density | DC Power Flow
- o ; i MASSIVE CWP ! , Enengy
ASR = 0.005 Ohm“m2 M = Reduced Area & CAPEX B |PIPE (e, mD) ’ _peor .@E ‘,'m%e:
| generation,

massive B S ONSHORE SUBSTATION & | stoage, and
CWPPIPE | | % Groberts ®  PNGGRID CONNECTION (grid ispatch

FISHING BOAT

o 30PTIOY)

l1Il. PERFORMANCE & COST PITCH

e =25
LCOE -$0.32/kWh optimiz(:gmreaﬂs km2  lertett= 3.5 mV/K

GCF ALIGNED IMPACTS

=73 km2 i
LCOE -80.18/kWh LCOAErefSBJQIKWh o | < sosnwn Y Decarbonize Marine Mobility
- v LowerElectricity Tariff in PNG KGID

LCOE Reduction v C ity Accept
ommunity Acceptance
e 2026

CARBON CU FOAM HYBRID from CC LCOE PNG Diesel Price  LCOS (Blue Battery
(S0.15/kWh)  ($0.25-0.35KWh) Integrated ESS) v Local Green Job Creation
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Thank you for your attention
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