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History of Energy Storage

What is energy? (In the past) If you needed heat and/or light, you needed fire (exothermic reaction). 

energy resources + oxygen (everywhere) + reaction (anytime)
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Energy Storage: Bunkering (security)

Oil storage

Natural gas storage

Biomass storage

▪ Physical Fuel Stockpiling: Serves as a definitive form 

of long-duration energy storage through the creation of 

large-scale physical fuel reserves.

▪ Market Price Stabilization: Acts as an economic 

buffer, securing stable energy costs against market 

volatility, seasonal fluctuations, and geopolitical supply 

chain disruptions.

▪ Decoupling Supply and Demand: Eliminates the 

requirement for instantaneous matching of energy 

generation and consumption, providing critical time-shifting 

flexibility for energy grid operations.

Bunkering: Long-Duration Energy Storage 

System (National Level)

Bunkering goes beyond simple ship refueling, serving a 

vital long-duration energy storage (LDES) function within 

the broader macro-energy system.
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Renewable Energy System

RES = renewable energy sources. ‘Other non-RES’ includes oil, waste and other non-

renewable sources. ‘Other RES’ includes geothermal, bioenergy, concentrated solar power 

(CSP), and ocean energy. Data for 2026-2030 are forecast values.

Source: Electricity – 2026 (IEA)

Global electricity generation by source, 2019-2030

Wind

Solar PV

In CAISO, Solar Generation Jumps Again While Batteries Reshape Demand 

(In CAISO, Solar Generation Jumps Again While Batteries Reshape Demand)

The New Shape of Duck Curve – Role of Battery
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Long-Duration Energy Storage
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Economics in LDES

Source: https://www.solarplaza.com/resource/11498/how-determine-meaningful-comparable-cost-energy-storage/

Seen through the eyes of a LiB developer….; 
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Economics in LDES

Source: https://www.solarplaza.com/resource/11498/how-determine-meaningful-comparable-cost-energy-storage/

Competitiveness of LDES

• Compared with Li-ion batteries, LDES is more economical for discharge durations exceeding 8 hours.

• Compared with hydrogen (HESS), LDES is more economical for discharge durations under 100 hours.
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UN CTCN TA cRD&D : Papua New Guinea

Source: https://www.solarplaza.com/resource/11498/how-determine-meaningful-comparable-cost-energy-storage/

UN CTCN TA cRD&D Project : Papua New Guinea 

▪ Project Title: Pre-feasibility study on Ocean Energy focusing on Salinity Gradient Energy Technology and Electrochemical Ocean 

Thermal Energy Conversion (= Seawater Energy Nexus)

▪ NDE: CCDA (Climate Change & Development Authority), Mr. Danny Nekitel (Manager Mitigation and Low Carbon Growth)\

▪ Proponent: National Energy Authority, Contact person: Larsen Daboyan (Manager Research and Statistics)

▪ Aims of project: 

• To provide essential technical groundwork and knowledge base enabling PNG to utilize its ocean potential effectively

• To focus on cutting-edge technologies compatible with PNG’s unique geographical and environmental landscape

• To contribute to the nation’s renewable energy journey and reinforce its commitments to both national and global climate action.

Inception workshop Site investigation Capacity building workshop
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• Environmental and energy crisis in small islands as 

survival issues

• Importance of decentralized energy systems in small 

islands

- Challenges in the implementation of independent renewable 

energy systems

- The crucial role of the energy mix for independent power 

systems

- Unequal opportunities for Solar PV and Wind Turbine (WT) 

installations in small islands

- Mutual influence between renewable energy sustainability and 

surrounding environments

• Necessity of energy storage (e.g., batteries) for a stable 

electricity supply from volatile renewables

• Key challenges for future energy storage: economic 

viability and life-cycle feasibility

UN CTCN-UNITAR CIFAL Jeju-Korea Institute of Energy Research
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The Seawater Energy Nexus
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New Technology: Seawater-based Energy Storage

Seawater-based energy storage (Blue-Battery)

▪ Charging : electrochemically separating ions in seawater (e.g., NaCl) according to its own charges by ion-exchange membrane. 

▪ Discharging : electrochemical reaction by acid-base reaction (NaCl + NaOH → NaCl + H2O)

Cl- (0.5M) | AEM (R-NR3
+-Cl-) | HCl (0.5M) 

Anode Cathode

Anolyte storage Catholyte Storage

pH 10 ~ 11pH 3 ~ 4
Na+Cl-

SeawaterA
EM

CE
M

NaCl
(charging)

Brackish water

H+ OH-

Cl- Na+H+ OH-

Na+Cl-
Acid-Base 
reaction

(discharging)

Charge 
imbalance

Charge 
imbalance

Kw=10-14

(Water Buffer)
Kw=10-14

(Water Buffer)

pH 3~4 pH 10~11

Na+ (0.5M) | CEM (R-SO3-Na+) | NaOH (0.5M)
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▪ Eradicating Curtailment & Maximizing Utilization

▪ Unmatched Economic Viability & Ultimate Safety

▪ Massive Storage Potential & Grid Stability

▪ Simultaneous Energy Storage and Desalination (Co-benefit)

"Ultimately, the Blue Battery serves as the beating heart of the 'Seawater Energy Nexus' in Papua New Guinea, 

leveraging the nation's boundless seawater to economically conquer the curtailment of volatile renewables and 

accelerate the journey toward complete energy independence and zero-emission decarbonization."

UN CTCN-UNITAR CIFAL Jeju-Korea Institute of Energy Research

2026 Energy Storage System Workshop and Learning Visit

New Technology: Seawater-based Energy Storage
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New Technology: Seawater-based Energy Storage
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New Technology: Seawater-based Energy Storage
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Blue-Battery Pipelines in Korea

Membrane

Toray advanced materials (South Korea)

Electrodes

Wesco Electrode (South Korea)

Innomeditech (South Korea)

POSCO (South Korea)

Seawater

Papua New Guinea (PNG)

Stack/Module

Korea Institute of Energy 

Research (KIER)

Innomeditech (South Korea)

Lapinion (South Korea)

PRIONE (South Korea)

OOO (O&M specific 

company) (PNG)

EPC

RED (South Korea)

Korea Institute of Energy Research (South Korea)

Samsung Engineering (South Korea)

CARBONCO (South Korea)
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New Technology: Seawater-based Energy Storage

CAES

0.14 USD/kWh

2-6 Wh/L

Volumetric energy density (Wh/L)

Pumped Hydro 

0.2 USD/kWh

0.5 – 2 Wh/L

* CAES: Compressed Air Energy Storage

Blue

Battery

0.1~0.2 USD/kWh

5~7 Wh/L

LCOS (Levelized cost of storage, USD/kWh)

101 Wh/L 102 Wh/L

Lead 

Battery

0.34 USD/kWh

50~100 Wh/L

0.1

0.2

0.3

0.4

0.5

H2ESS

0.3-0.5 USD/kWh

~100 Wh/L

Li ion Battery

0.3-0.5 USD/kWh

~400 Wh/L

Li-polymer

VRFB

0.2-0.4 USD/kWh

15-25 Wh/L

Seawater-oriented 

Na Battery
0.2-0.3 USD/kWh

-150 Wh/L

0.0

Economic threshold regarding to the specific (or 

volumetric) energy density 
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Demonstration site 
specification

Scale (kW) Budgets Implementation Partners 
(in South Korea)

Implementation plan

Salinity gradient power (e.g., 
RED)

Kalo (river mouth) 100 4 M$
(Installation cost: 2.5 ~ 3.0 M$, 
Operation cost: 0.5~1.0 M$/3 
years)

KIER
Lapinion
Inomeditech
Toray Materials 

Step1. Manufacturing in Korea 
(including FAT) – 6~8 months
Step2. CEPA (target: Level 2/3) 
– 6~12 months
Step3. Logistics (Customs 
clearance)- 6-8 weeks
Step3. PNG installation

3.1. Mechanical BOP 
(Pumps and Pipes)
3.2. Electrical BOP 
(electrical load)
Step4. SAT, optimization 
(~24 months)

Electrochemical Ocean thermal 
energy conversion

Port Moresby 50~100 3.0 – 3.5 M$
• Depends on the installation 

cost of intake pump and 
pipe system 

CAPEX 
• Stack (module): 1.2 M$
• BOP (pump & pipe): 0.8 M$
OPEX: 1.0 - 1.5 M$

KIER
Danfoss Korea

Seawater-based energy storage 
(Blue battery)

Port Moresby 200
(800 kWh, 4 hrs)

2.5 – 3.0 M$
• Battery pack: 1.2 M$
• BOP : 1.0 M$
• Installation cost: 0.5 M$
• SAT: 0.3 M$

KIER
Hanyang University (O&M)
Korea University (Capacity 
building)
PRIONE (Electrode)
Innomeditech (Stack/Module)
CARBONCO (EPC)
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Implementation Plan
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No. Task Name M1 M3 M5 M7 M9 M11 M13 M15 M17 M19 M21 M23 Owner

1 Site Survey & Basic Design ■ ■ KR/PNG

2 PNG Environmental Permitting (CEPA) ■ ■ ■ ■ ■ CCDA

3 Detailed Engineering (Stack/BOP) ■ ■ ■ KR

4 Membrane & Stack Fabrication ■ ■ ■ ■ KR

5 BOP & Control System Assembly ■ ■ ■ KR

6 Factory Acceptance Test (FAT) ■ KR

7 Shipping & Port Clearance ■ ■ Logistics

8 Site Preparation (Foundation/Intake) ■ ■ ■ PNG

9 On-site Installation & Integration ■ ■ KR/PNG

10 Commissioning & Training ■ ■ KR/PNG

UN CTCN-UNITAR CIFAL Jeju-Korea Institute of Energy Research
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Implementation Plan
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