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ENERGY STORAGE: EMERGING TECHNOLOGIES



WHY ARE WE HERE?

2
Source: Global EV outlook 2016



THAILAND
has been 
ranked No. 
10th in the 
world for 

the country 
at risk from 

Climate 
Change

https://www.insightsonindia.com/2021/11/19/
insights-into-editorial-wide-fault-lines-within-the-global-climate-risk-index/



AVERAGE PM 
2.5 > 40 mg/m3

HIGHER RISK OF 
LUNG CANCER 

7 TIMES



Energy Storage Driver
National Plan of Thailand

Source: https://sustainability.yale.edu/explainers/yale-experts-explain-paris-climate-agreement
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Vision & Mission 

Leading 
organization & a 
focal point for 

Thailand’s energy 
technology 

development 

Vision

Excellence

Relevance

Visibility

Impact

Link with national strategy to drive country toward 
innovation-based economy and sustainability

Demonstrate output through R&D competency at 
national, regional and international level 

Create economical impact, competitiveness, social 
value and environment 

Strive for excellence by creating expertise, capability and 
competency to create multiply effects on National and international 
economy & society amid rapid change

Thailand
Net zero
Strategy

Source: Thailand Greenhouse Gas Organization – www.tgo.orth



7ENTEC 2022 NECTEC 2022 

Role of Energy Storage ในโครงขายไฟฟา

Baker and Mckinsey 2022, Battery Storage - a global enabler of the Energy Transition 2022 



ENERGY STORAGE AS A KEY ENABLING TECH
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การผลิต การใช้งาน

ระบบกักเก็บพลังงาน



ENERGY STORAGE AS A KEY ENABLING TECH
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ENERGY STORAGE

ENABLE FOR RE, EV AND EE



TRANSPORTATION SECTOR CAN RED. CO2 ~ 14% BY 2050

10
McKinsey Report:Capturing growth in Asia’s emerging EV ecosystem June 2022 



POWER SECTOR CAN RED. CO2 ~ 31% BY 2050 (VS. 2018)

11
McKinsey Report:Capturing growth in Asia’s emerging EV ecosystem June 2022 



ROLE OF ES TECH IN ENERGY TRANSITION
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Adapted from DOE Grid Energy Storage December 2013

Bulk
Storage Aggregated

Utility Scale
Utility
Scale

Community
Scale



ROLE OF ES TECH IN ENERGY TRANSITION
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1. ประหยัดและเพิˑมประสิทธิภาพด้านการผลิตและส่ง 
• ชะลอการสร้างโรงไฟฟา̝ใหม่ (Capacity value)
• ช่วยรองรับปริมาณของ Renewable power system ในระบบ ให้มากขึ˓นและมีประสิทธิภาพ

ยิˑงขึ˓น (Renewable Integration)
• ชะลอการเพิˑมขนาดสายส่ง (T&D deferral) 

2. สร้างเสถียรภาพทางการจ่ายไฟฟา̝ ท˓ังด้าน 
1. ปริมาณ (energy capacity – demand vs. supply)
2. คุณภาพ (voltage support, frequency regulations)  

3. เพิˑมประสิทธิภาพการใช้งาน/ประหยัดคา่ไฟ  

• Peak shaving 
• Demand charge management 



ROLE OF ES TECH IN ENERGY TRANSITION
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Generation

T&D

Behind the 

meter

*Utility-Owned services

**Grid code

Renewable energy

System operation

Electric Energy Time-shift Electric Supply Capacity*

Renewable energy time shift** Renewable capacity firming

Load following* Frequency regulation*

Electric supply reserve capacity*

Voltage support*

Transmission congestion relief* T&D upgrade deferral*

Peak shaving/Demand charge management **

Load levelling/time of use management**

Electric service reliabilityElectric service power quality

Renewable energy time shift**

feasible 

feasible for some 

case

not feasible

No information

ยังไมมีขอมูล

- Jiravan Mongkonthanatas, นําเสนอใน The Future Energy Show Thailand 2019, 27 Nov 2019 รวบรวมจาก: 

- สถาบันวิจัยเพ่ือการพัฒนาประเทศไทย (TDRI), โครงการศึกษาความเหมาะสมและแนะแนวทางในการสงเสริมอุตสาหกรรมสารองไฟฟาสาหรบัโครงขายไฟฟาของประเทศ (Grid Energy Storage), 2019

- สถาบันวิจัยเพ่ือการพัฒนาประเทศไทย (TDRI) และ สถาบันวิจัยพลังงาน จุฬาลงกรณมหาวิทยาลัย, โครงการศึกษาประโยชนและตนทุนของ disruptive technologies ในกิจการไฟฟาของประเทศไทย, 2019

- MTEC, รวบรวมขอมูลในโครงการศึกษาภายใตการสนับสนุนจาก กองทุนพัฒนาไฟฟา เพ่ือการสงเสริมการใชพลังงานหมุนเวียน และเทคโนโลยีท่ีใชในการประกอบกิจการไฟฟาท่ีมีผลกระทบตอสิ่งแวดลอมนอย  (มาตรา 

97(4)) ประจําปงบประมาณ พ.ศ. 2561

Source: 



TYPE OF ENERGY STORAGE
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Power Energy

- Short duration (< 1 hr)

- Very high charge/discharge rate

- Many cycle (100/day)

- Continuous use

- Long duration (1+ hr)

- 1-2 cycle/day



ENERGY STORAGE VALUE IN THAILAND
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- Jiravan Mongkonthanatas, นําเสนอใน The Future Energy Show Thailand 2019, 27 Nov 2019 รวบรวมจาก: 

- สถาบันวิจัยเพ่ือการพัฒนาประเทศไทย (TDRI), โครงการศึกษาความเหมาะสมและแนะแนวทางในการสงเสริมอุตสาหกรรมสารองไฟฟาสาหรบัโครงขายไฟฟาของประเทศ (Grid Energy Storage), 2019

- สถาบันวิจัยเพ่ือการพัฒนาประเทศไทย (TDRI) และ สถาบันวิจัยพลังงาน จุฬาลงกรณมหาวิทยาลัย, โครงการศึกษาประโยชนและตนทุนของ disruptive technologies ในกิจการไฟฟาของประเทศไทย, 2019

- MTEC, รวบรวมขอมูลในโครงการศึกษาภายใตการสนับสนุนจาก กองทุนพัฒนาไฟฟา เพ่ือการสงเสริมการใชพลังงานหมุนเวียน และเทคโนโลยีท่ีใชในการประกอบกิจการไฟฟาท่ีมีผลกระทบตอสิ่งแวดลอมนอย  (มาตรา 

97(4)) ประจําปงบประมาณ พ.ศ. 2561

Source: 

• BESS cost in energy application -> 400USD/kWh = 12,000Baht/kWh (for 3000 cycles) -> 4 Baht/kWh.cycle

• BESS cost in power application  -> 600USD/kWh = 18,000Baht/kW (for 10 years) -> 1,800 Baht/kW.year

Power type

Energy type



ENERGY STORAGE VALUE IN THAILAND
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• BESS cost in energy application -> 400USD/kWh = 12,000Baht/kWh (for 3000 cycles) -> 4 Baht/kWh.cycle

• BESS cost in energy application -> 250USD/kWh = 7,500Baht/kWh (for 3000 cycles) -> 2.5 Baht/kWh.cycle

• BESS cost in energy application -> 100USD/kWh = 3,000Baht/kWh (for 3000 cycles) -> 1 Baht/kWh.cycle

• BESS cost in energy application -> 60USD/kWh = 1,800Baht/kWh (for 3000 cycles) -> 0.6 Baht/kWh.cycle

$100/kWh



FUTURE OF ENREGY STORAGE
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ถูก

เล็ก 

เบา

ปลอดภยั

แรง

ชารจ์เรว็

ใชไ้ดน้าน

?

1

2

3

4

5

6

7

8, 9, 10…



FUTURE OF ENREGY STORAGE: COST REDUCTION
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0.05$/kWh.cycle (~$60/kWh @ 3000 cycles)

(~1.5 baht/kWh.cycle)

ปจจุบันอยูที่ ~ 4-6 baht/kWh.cycle (Li-ion batt)

90%

$80/kWh

(pack for 300 miles EV)

44%

Source: US DOE Energy Storage Grand Challenge Roadmap December 2020. Web [20 May, 2022



FUTURE OF ENREGY STORAGE: COST REDUCTION

20Source: Bloomberg New Energy Finance June 2017

100 USD/kWh – 2024
61 USD/kWh - 2030

137 USD/kWh – 2021



FUTURE OF ENREGY STORAGE: COST REDUCTION

21Source: Bloomberg New Energy Finance June 2017



COST REDUCTION by Li Tech

22Source: Battery 2030+ Roadmap; Redrawn from Li, et al, cited from Figure 1 in Energy Storage Materials, 23(2019) 144-153;

State of Battery 2020 Report by BatteryBits published on Jan 16, 2021



FUTURE OF ENREGY STORAGE: COST REDUCTION

23Source: Credit Suisse 2020 xEV battery supply chain 17 Nov 2020



FUTURE OF ENREGY STORAGE: SUPPLY CHAIN SUSTAINABLITY

24Source: IEA Report 2022 “Global Supply Chiang of EV Batteries”



FUTURE OF ENREGY STORAGE: SUPPLY CHAIN SUSTAINABLITY

25Source: Global Battery Alliance, Battery 2030: Resilient, sustainable, and circular



COST REDUCTION by Alternative Metal-ion Battery

26Source: EU Battery 2030+ Roadmap



TECHNOLOGY DEV. TREND: SOLID STATE BATT
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• New materials and system will 

be developed

• For high energy density 

applications e.g. EV  similar 
cell format and material 

processing are expected with 

evolving chemistry for the cost 

reason.

All solid-state battery

Li-S battery

Magnesium 
battery

Li-air 
battery

Na-ion battery

Al-ion 
battery

Li-ion battery

Supercapacitor

Sp
ec

ifi
c 

po
w

er

Specific energy

High energy

H
ig

h 
po

w
er

Ragone plot; specific power vs. specific energy

Source: Kanno Ryoji, 次世代電池を牽引する、全固体電池開発, Nature Energy, 2016



COST REDUCTION by Alternative Metal-ion Battery

28Source: EU Battery 2030+ Roadmap



FUTURE OF ENREGY STORAGE: COST REDUCTION
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0.05$/kWh.cycle (~$60/kWh @ 3000 cycles)

(~1.5 baht/kWh.cycle)

ปจจุบันอยูที่ ~ 4-6 baht/kWh.cycle (Li-ion batt)

90%

$80/kWh

(pack for 300 miles EV)

44%

Source: US DOE Energy Storage Grand Challenge Roadmap December 2020. Web [20 May, 2022



ENERGY STORAGE VALUE
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• BESS cost in energy application -> 400USD/kWh = 12,000Baht/kWh (for 3000 cycles) -> 4 Baht/kWh.cycle

• BESS cost in energy application -> 250USD/kWh = 7,500Baht/kWh (for 3000 cycles) -> 2.5 Baht/kWh.cycle

• BESS cost in energy application -> 100USD/kWh = 3,000Baht/kWh (for 3000 cycles) -> 1 Baht/kWh.cycle

• BESS cost in energy application -> 60USD/kWh = 1,800Baht/kWh (for 3000 cycles) -> 0.6 Baht/kWh.cycle

$60/kWh

Power type

Energy type



TYPE OF ENERGY STORAGE

31Source: A A. Kebede, et. Al. A comprehensive review of stationary energy storage devices for large scale renewable energy sources grid integration, Renewable and 

Sustainable Energy Reviews 159 (2022) 112213

Cheap & 

Long 

duration 

storage 

needed



FUTURE OF ENREGY STORAGE
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Source: DNV Energy Industry Insights 2023 “Closing the Energy Storage Gap” 

*
*

*
*



ENREGY STORAGE TECH. LIKELY DEV. IN NEXT 3 YEARS

33
Source: DNV Energy Industry Insights 2023 “Closing the Energy Storage Gap” 



ENREGY STORAGE INV. IN NEXT COMING YEAR

34
Source: DNV Energy Industry Insights 2023 “Closing the Energy Storage Gap” 



CHEAP ENERGY TYPE STORAGE TECH. 

35
Source: MIT “The Future of Energy Storage Report” 2022



CHEAP ENERGY TYPE STORAGE TECH. 

36
Source: MIT “The Future of Energy Storage Report” 2022

Chemical Type (Hydrogen)



CHEAP ENERGY TYPE STORAGE TECH. VS. PHS

37
Source: Li et al. Air-Breathing Aqueous Sulfur Flow Battery for Ultralow-Cost Long-Duration Electrical  Storage, Joule 1, 212–219, October 11, 2017

• Pump Hydro storage is still the 

cheapest and will totally get 

explored extenstively first

• Underground CAES will be nexted

• Other technologies development 

are still needed to get there.  



CHEAP ENERGY TYPE STORAGE TECH. VS. PHS

38
Source: Li et al. Air-Breathing Aqueous Sulfur Flow Battery for Ultralow-Cost Long-Duration Electrical  Storage, Joule 1, 212–219, October 11, 2017

• Few combined 

chemistry of chemical 

storage maybe able to 

get there

$60



CHEAP ENERGY TYPE STORAGE TECH. VS. PHS

39
Source: https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cct/2023/abt-roadmap.pdf

Sodium-ion



CHEAP ENERGY TYPE STORAGE TECH. VS. PHS

40
Source: https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cct/2023/abt-roadmap.pdf

Magnesium-ion Zn-ion



CHEAP ENERGY TYPE STORAGE TECH. VS. PHS

41
Source: https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cct/2023/abt-roadmap.pdf

Aluminum-ion



CHEAP ENERGY TYPE STORAGE TECH. VS. PHS

42
Source: https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cct/2023/abt-roadmap.pdf

Li-S Na-S



EMERGING TECHNOLOGIES
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Source: The Battery Report 2021” Volta Foundation & Intercalation, 8 January 2022. Web [20 May, 2022]



EMERGING TECHNOLOGIES
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Source: The Battery Report 2021” Volta Foundation & Intercalation, 8 January 2022. Web [20 May, 2022]



EMERGING TECHNOLOGIES
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Source: https://www.energy-storage.news/we-think-we-can-beat-lithium-ion-enervenue-bids-for-battery-storage-supremacy/

• Found in 2020 w/ $12M

• Series A $100M

• “Reinventing technology that's been 

used for space exploration for nearly 

30 years.”

• Wide range of operating T

• Long life time >30,000 cycle

• $20,000/kWh  $100/kWh



EMERGING TECHNOLOGIES
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Source: https://www.energy-storage.news/we-think-we-can-beat-lithium-ion-enervenue-bids-for-battery-storage-supremacy/

Ni-H2 BATTERY



EMERGING TECHNOLOGIES
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Source: https://www.energy-storage.news/we-think-we-can-beat-lithium-ion-enervenue-bids-for-battery-storage-supremacy/

Zn-ion BATTERY

• Found in 2008

• NASDAQ 2020

• 3-12 duration for grid

• Current deal $325/kWh 

(@MWh scale) -> Targeted 

$95/kWh



EMERGING TECHNOLOGIES
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Source: https://eosenergystorage.com/

Zn-ion BATTERY

• Found in 2008

• NASDAQ 2020

• 3-12 duration for grid

• Current ~ $325/kWh -> Targeted $95/kWh



EMERGING TECHNOLOGIES
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Source: https://eosenergystorage.com/

Zn-ion BATTERY

• Found in 2008

• NASDAQ 2020

• 3-12 duration for grid

• Current ~ $325/kWh -> Targeted $95/kWh



EMERGING TECHNOLOGIES
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Source: https://www.utilitydive.com/news/ambri-xcel-battery-storage/631005/

Liquid Metal  BATTERY

• Found in 2010

• Sb based battery

• Backed by Bill Gates

• 5 pilot projects 

planned in 2023

• 4-12 hr duration

• 20 years life



EMERGING TECHNOLOGIES
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Source: https://www.utilitydive.com/news/ambri-xcel-battery-storage/631005/

Liquid Metal  BATTERY



EMERGING TECHNOLOGIES
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Source: Y-M. Chiang, Presentation @ TESTA Symposium No. 2, September 16, 2022

Fe-Air BATTERY

• Found in 2017 

• Backed by Bill Gates and 

Jeff Bezos

• Cheap  $20/kWh 
• Long duration – multidays

• Hundreds of cycles



EMERGING TECHNOLOGIES
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Source: Y-M. Chiang, Presentation @ TESTA Symposium No. 2, September 16, 2022

Fe-Air BATTERY



EMERGING TECHNOLOGIES
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Source: Y-M. Chiang, Presentation @ TESTA Symposium No. 2, September 16, 2022

Fe-Air BATTERY



EMERGING TECHNOLOGIES
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Source: : https://energiestro.net/

FLYWHEEL

• Found in 2014  (France)

• 10kWh – 1 MWh

• > 1M cycles

• Used pre-stressed concrete



EMERGING TECHNOLOGIES
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Source: : https://energiestro.net/

FLYWHEEL



EMERGING TECHNOLOGIES
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Source: : https://www.maltainc.com/

THERMAL STORAGE

MOLTEN SALT

8 HR – 8 DAYS 1000MWH SYSTEM SIZE

• 10-150 hr storage

• < $100/kWh

• 100MW/ 1000+ MWh 

• Life 30 years



EMERGING TECHNOLOGIES
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Source: : https://www.maltainc.com/

THERMAL STORAGE

MOLTEN SALT

8 HR – 8 DAYS 1000MWH SYSTEM SIZE



EMERGING TECHNOLOGIES
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Source: : https://www.pv-magazine.com/2022/04/29/energy-vault-ntpc-sign-deal-for-gravity-based-energy-storage/

GRAVITATIONAL

• Found in 2017 

(Switzerland)

• Backed by Bill Gates

• Long duration (4-8 hr)

• Demonstration 150 m 

tower @ 7-8 MUSD 

• Eff ~ 80% cost ~ $875/kW



EMERGING TECHNOLOGIES
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Source: MIT “The Future of Energy Storage Report” 2022

GRAVITATIONAL



SUMMARY

61

• Pump Hydro storage is still the cheapest and will totally get explored extenstively first

• Underground CAES will be next

• Li-ion will still dominate in this coming 1-5 years.

• Other technologies development are still needed to get there.  
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