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Climate change and energy transition



global warming to 1.5℃. 

https://zerotracker.net/
https://www.unep.org/resources/emissions-gap-report-2024


Energy systems and transition of APEC cities

https://www.egeda.ewg.apec.org/
https://www.iea.org/data-and-statistics/data-tools/energy-statistics-data-browser
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 Jeremy Rifkin. 2011. The Third Industrial Revolution: How Lateral Power Is Transforming Energy, the Economy, and the World. Palgrav
e Macmillan. 
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https://cop29.az/storage/1135/COP29-Declarations-and-Pledges-Letter.pdf.


•

•

•

•

•



Classification of energy storage technologies



，

 ESMAP. (2022). Pumped Storage Hydropower. https://www.esmap.org/sites/default/files/ESP/WB_PSH_16Jun22.pdf.

https://www.esmap.org/sites/default/files/ESP/WB_PSH_16Jun22.pdf






load’s 
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(≤30min) 

≥15 minutes 
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Development of energy storage technology

 EIA. 2024. Energy storage for electricity generation. https://www.eia.gov/energyexplained/electricity/energy-storage-for-electricity-generation.
php. 

Mei Shengwei et al., Energy Storage Technologies [M].Beijing: China Machine Press, 2023 

https://www.eia.gov/energyexplained/electricity/energy-storage-for-electricity-generation.php
https://www.eia.gov/energyexplained/electricity/energy-storage-for-electricity-generation.php
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Techno-economic performance of energy storage technology
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Power system and energy storage 



，



Applications of energy storage system 
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https://www.sandia.gov/ess/publications/doe-oe-resources/eshb/doe-epri-nreca
https://www.sandia.gov/ess/publications/doe-oe-resources/eshb/doe-epri-nreca
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Energy storage in urban energy systems
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http://www.se.com/cn
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Construction costs

， ，
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Levelized costs of storage

， ，

https://www.pnnl.gov/ESGC-cost-performance，2024-06-20
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，

https://www.pnnl.gov/lcos-estimates，2024-06-20
https://www.lazard.com/research-insights/2023-levelized-cost-of-energyplus/
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https://www.lazard.com/research-insights/2023-levelized-cost-of-energyplus/


China's energy storage system costs
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Scale of energy storage market
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http://www.nea.gov.cn/2021-09/09/c_1310177087.htm




Outlook of the energy storage market

， ，

https://about.bnef.com/blog/2h-2023-energy-storage-market-outlook/


Key metrics for evaluating energy storage systems
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Methods for evaluating energy storage technologies

，

，

https://www.energy.gov/eere/analysis/2022-grid-energy-storage-technology-cost-and-performance-assessment
https://www.energy.gov/eere/analysis/2022-grid-energy-storage-technology-cost-and-performance-assessment
https://www.lazard.com/research-insights/levelized-cost-of-energyplus/




Feasibility assessment of energy storage projects

，

，

https://www.irena.org/publications/2020/Mar/Electricity-Storage-Valuation-Framework-2020
https://www.irena.org/publications/2020/Mar/Electricity-Storage-Valuation-Framework-2020


on “assessing energy storage technologies”, and 
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https://www.storagevet.com/
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Technical specifications on the development of energy storage industry
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https://www.sac.gov.cn/xw/tzgg/art/2023/art_584bc1a52522490682d3b0482f5155f7.html
https://www.sac.gov.cn/xw/tzgg/art/2023/art_584bc1a52522490682d3b0482f5155f7.html




Promotion of technological innovation through related performance standards



Standardization and interoperability



Standards promoting global market access for storage products



，

https://www.epri.com/research/products/000000003002030360


Potential safety risks of energy storage systems

— —

https://www.escn.com.cn/20240522/7340a592053d4957803906866d35bfa0/c.html


–30% hydrogen (H₂), 5%–

– –

https://m.in-en.com/article/html/energy-2331404.shtml


Safety standards and regulations of battery energy storage systems 
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•

•





——

——
——





•

 The US DOE. 2023. Lithium-ion Battery Storage Technical Specifications. https://www.energy.gov/femp/articles/lithium-ion-battery-storage-t
echnical-specifications .

https://www.energy.gov/femp/articles/lithium-ion-battery-storage-technical-specifications
https://www.energy.gov/femp/articles/lithium-ion-battery-storage-technical-specifications
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Safety management strategies



’s



Korea’s 

 EPRI. 2024. Insights from EPRI's Battery Energy Storage Systems (BESS) Failure Incident Database: Analysis of Failure Root Cause. h
ttps://www.epri.com/research/products/000000003002030360 . 

https://www.epri.com/research/products/000000003002030360
https://www.epri.com/research/products/000000003002030360
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Industrialized APEC economies
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opportunities and challenges of ensuring Canada’s energy security, such as expanding and modernizing 

Growth Fund, a CAD15 billion independent and arm’s length public fund that will help
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Other APEC economies 





Malaysia’s –
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Economy-level policies and plans

– –



，

，





–







Provincial and municipal levels energy storage policies

economy’s 
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Battery technologies



• • • • •

• • • • •

• • • • •

• • • • •
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Battery costs

  BloombergNEF, 2025. Lithium-Ion Battery Pack Prices See Largest Drop Since 2017. https://about.bnef.com/blog/lithium-ion-battery-pack-
prices-see-largest-drop-since-2017-falling-to-115-per-kilowatt-hour-bloombergnef/

https://about.bnef.com/blog/lithium-ion-battery-pack-prices-see-largest-drop-since-2017-falling-to-115-per-kilowatt-hour-bloombergnef/
https://about.bnef.com/blog/lithium-ion-battery-pack-prices-see-largest-drop-since-2017-falling-to-115-per-kilowatt-hour-bloombergnef/
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Trends overview

 S&P Global. 2025. Where are EV battery prices headed in 2025 and beyond? https://www.spglobal.com/automotive-insights/en/blogs/2025
/01/where-are-ev-b attery-prices-headed-in-2025-and-beyond

 Electric vehicle economics. 2025. How lithium-ion cell costs impact EV prices.  
 McKinsey & Co. 2023Battery 2030: Resilient, sustainable, and circular. 16 January 2023.



“

”

 The Economist. 2024. Grid scale storage is the fastest growing energy technology. https://www.economist.com/the-world-ahead/2024/11/20/
grid-scale-storage-is-the-fastest-growing-energy-technology. 20 November 2024.

https://www.economist.com/the-world-ahead/2024/11/20/grid-scale-storage-is-the-fastest-growing-energy-technology
https://www.economist.com/the-world-ahead/2024/11/20/grid-scale-storage-is-the-fastest-growing-energy-technology


Australia: From early pilots to an economy-wide ambition

• –2020): Australia’s BESS journey began with small

 Sources of the data and information in the hapter include, but are not limited to, annual reports, government documents, statistical dat
abases, news articles and press releasees.



colloquially known as the “Tesla 

Big Battery”, which set a precedent for grid

• –

 BNEF. 2025. Australia's utility-scale BESS uptake to expand eightfold to 18GW in 2035. https://about.bnef.com/blog/australia-on-the-cusp
-of-big-battery-boom-according-to-bloombergnef-report/#:~:text=Uptake%20of%20utility%2Dscale%20batteries%20in%20Australia%20could
%20expand%20eightfold,research%20provider%20BloombergNEF%20(BNEF). 24 March 2025.

 BNEF. 2025. Australia on the Cusp of Big Battery Boom, According to ..., accessed May 3, 2025, https://about.bnef.com/blog/australia-o
n-the-cusp-of-big-battery-boom-according-to-bloombergnef-report/

https://about.bnef.com/blog/australia-on-the-cusp-of-big-battery-boom-according-to-bloombergnef-report/#:~:text=Uptake%20of%20utility%2Dscale%20batteries%20in%20Australia%20could%20expand%20eightfold,research%20provider%20BloombergNEF%20(BNEF)
https://about.bnef.com/blog/australia-on-the-cusp-of-big-battery-boom-according-to-bloombergnef-report/#:~:text=Uptake%20of%20utility%2Dscale%20batteries%20in%20Australia%20could%20expand%20eightfold,research%20provider%20BloombergNEF%20(BNEF)
https://about.bnef.com/blog/australia-on-the-cusp-of-big-battery-boom-according-to-bloombergnef-report/#:~:text=Uptake%20of%20utility%2Dscale%20batteries%20in%20Australia%20could%20expand%20eightfold,research%20provider%20BloombergNEF%20(BNEF)
https://about.bnef.com/blog/australia-on-the-cusp-of-big-battery-boom-according-to-bloombergnef-report/
https://about.bnef.com/blog/australia-on-the-cusp-of-big-battery-boom-according-to-bloombergnef-report/


 Energy Council. 2025. Battery Storage: Australia's current climate. https://www.energycouncil.com.au/analysis/battery-storage-australia-s-curr
ent-climate/

 Quinbrook. 2025. Quinbrook to Build Advanced Long Duration Battery Storage in Australia. https://www.quinbrook.com/news-insights/qu
inbrook-to-build-advanced-long-duration-battery-storage-in-australia/

 Wartsila. 2025. Wärtsilä will deliver one of Australia's first DC-coupled energy storage projects. https://www.wartsila.com/media/news/09-
04-2025-wartsila-will-deliver-one-of-australia-s-first-dc-coupled-energy-storage-projects-3571733

https://www.energycouncil.com.au/analysis/battery-storage-australia-s-current-climate/
https://www.energycouncil.com.au/analysis/battery-storage-australia-s-current-climate/
https://www.quinbrook.com/news-insights/quinbrook-to-build-advanced-long-duration-battery-storage-in-australia/
https://www.quinbrook.com/news-insights/quinbrook-to-build-advanced-long-duration-battery-storage-in-australia/
https://www.wartsila.com/media/news/09-04-2025-wartsila-will-deliver-one-of-australia-s-first-dc-coupled-energy-storage-projects-3571733
https://www.wartsila.com/media/news/09-04-2025-wartsila-will-deliver-one-of-australia-s-first-dc-coupled-energy-storage-projects-3571733


 EnergyAustralia. 2023. EnergyAustralia secures planning approval for large-scale battery near Lithgow. https://www.energyaustralia.com.au
/about-us/what-we-do/new-energy-projects/mt-piper-battery-energy-storage-system

 Ausgrid. 2024. Future Grid. https://www.ausgrid.com.au/About-Us/Future-Grid.



China: Globally dominant and rapidly evolving

• –2020): China’s BESS market grew incrementally in the second half 

the economy’s 

–



• –

policies prioritizing energy storage and China’s dominant 

•

•

•

China’s rapid energy storage expansion aligns with the ’s broader strategy for renewable 

energy integration, green energy transition and carbon neutral goal. According to the “

–2027)”

 XinhuaNet. 2025. . https://baijiahao.baidu.com/s?id=18220950763
36511263&wfr=spider&for=pc. 24 January 2025. 

 C Energy Storage Industry Technology Alliance 2025. White Paper on Energy Storage Industry April 2025. Beijing.
 N

https://www.nea.gov.cn/20250106/6a9d8a6e621d495db0ca2ba14196f00f/c.html.

https://baijiahao.baidu.com/s?id=1822095076336511263&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1822095076336511263&wfr=spider&for=pc


 XinhuaNet. 2025. installed capacity of new energy storage in China will exceed 70G 2024. https://baijiahao.baidu.com/s?id=
1822095076336511263&wfr=spider&for=pc. 24 January 2025.

https://baijiahao.baidu.com/s?id=1822095076336511263&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1822095076336511263&wfr=spider&for=pc


 . 2024.  https://baijiahao.b
aidu.com/s?id=1819464872722282971&wfr=spider&for=pc. 26 December 2024. 

 . https://
www.wuhan.gov.cn/sy/whyw/202407/t20240716_2428881.shtml.

 Yunnan Electric Power Industry Association. 2025 The new energy storage pilot demonstration project in Yunnan Province is connecte
d to the grid for operation. https://mp.weixin.qq.com/s?__biz=MzU4NjI0MDk0Mw==&mid=2247523212&idx=1&sn=dfec1fc98e4519186e9
aab7b2e2c711c&chksm=fcfc8181cbadda0f130fd206f118dbb9b2432302d6b652453b1243ccc406c9c74d7b50a0e036&scene=27. 7 April 2025.

https://baijiahao.baidu.com/s?id=1819464872722282971&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1819464872722282971&wfr=spider&for=pc
https://mp.weixin.qq.com/s?__biz=MzU4NjI0MDk0Mw==&mid=2247523212&idx=1&sn=dfec1fc98e4519186e9aab7b2e2c711c&chksm=fcfc8181cbadda0f130fd206f118dbb9b2432302d6b652453b1243ccc406c9c74d7b50a0e036&scene=27
https://mp.weixin.qq.com/s?__biz=MzU4NjI0MDk0Mw==&mid=2247523212&idx=1&sn=dfec1fc98e4519186e9aab7b2e2c711c&chksm=fcfc8181cbadda0f130fd206f118dbb9b2432302d6b652453b1243ccc406c9c74d7b50a0e036&scene=27


 NDRC and NEA. 2021. Guiding Opinions on Accelerating the Development of New Energy Storage . https://www.gov.cn/gon
gbao/content/2021/content_5636148.htm.

 China Energy Storage Alliance. 2005. China Energy Storage Project Database. https://www.esresearch.com.cn/project/.
 CNEV Post. 2024. Shanghai to build more energy storage facilities to support EV charging, grid stability. https://cnevpost.com. June  2

https://cnevpost.com/


Japan: Accelerating with strong government incentives and utility-led efforts

024.
 S&P Global Commodity Insights. 2024. China's energy storage buildout to accelerate in 2024 on policy support, falling costs. 10 May 

2024. 
 Flowbatterieseurope. 2025. https://flowbatterieseurope.eu/wp-content/uploads/2024/11/FBE-Reports-on-Regions_Asia-Pacific.pdf.

https://flowbatterieseurope.eu/wp-content/uploads/2024/11/FBE-Reports-on-Regions_Asia-Pacific.pdf


in Japan’s energy system

–

 Ministry of Economy, Trade and Industry. 2022. Clean Energy Strategy Interim Report. 



 Japan External Trade Organisation. 2023. Strengthening Market Competitiveness in Green Transformation and Energy to Achieve De-car
bonization, Stable Energy Supply, and Economic Growth.



 Japan Energy Hub. 2025. 12 grid-scale BESS projects totalling 180MW/595MWh secure 13B yen from Tokyo's FY2024 subsidy schem
e. https://japanenergyhub.com/news/tokyo-grid-scale-bess-subsidy-recipients-fy2024/#:~:text=The%20subsidy%20covers%20up%20to,released
%20in%20February%202025%20shows. 7 March 2025.



Korea: Synergistic public policy and private innovations

 Sumitomo Corporation. 2025. Transforming Energy Storage Into Core Infrastructure: New Storage Battery Challenges for Sumitomo Cor
poration in Hokkaido. https://www.sumitomocorp.com/en/jp/enrich/contents/0073. 28 February 2025.

 Flowbatterieseurope. 2025. https://flowbatterieseurope.eu/wp-content/uploads/2024/11/FBE-Reports-on-Regions_Asia-Pacific.pdf. 

https://www.sumitomocorp.com/en/jp/enrich/contents/0073
https://flowbatterieseurope.eu/wp-content/uploads/2024/11/FBE-Reports-on-Regions_Asia-Pacific.pdf


–

(336MW) alone represents one of Asia’s largest grid



 DataCenterDynamics. 2025. Samsung and Korea Southeast Power to develop fully integrated hydrogen-powered data center in . ht
tps://www.datacenterdynamics.com/en/news/samsung-and-state-owned-utility-to-develop-fully-integrated-hydrogen-powered-data-center-in-sout
h-korea/.

 H2ACE. 2025. H2 secures funds for new Korean factory. http://www.h2aec.com/eng/main.do?ref=ctvc.co.
 MultiVu. 2025. LG Energy Solution's New TR1300 Operational at World's Largest Battery -, https://www.multivu.com/players/English/88

86951-lg-energy-solution-tr1300-worlds-largest-utility-battery-energy-storage-project/.
 Businesskorea.2023.  Aims to Secure 35% of the Global ESS Market by 2036. https://www.businesskorea.co.kr/news/articleView.ht

ml?idxno=204775. 1 November 2023.

https://www.datacenterdynamics.com/en/news/samsung-and-state-owned-utility-to-develop-fully-integrated-hydrogen-powered-data-center-in-south-korea/
https://www.datacenterdynamics.com/en/news/samsung-and-state-owned-utility-to-develop-fully-integrated-hydrogen-powered-data-center-in-south-korea/
https://www.datacenterdynamics.com/en/news/samsung-and-state-owned-utility-to-develop-fully-integrated-hydrogen-powered-data-center-in-south-korea/
https://www.multivu.com/players/English/8886951-lg-energy-solution-tr1300-worlds-largest-utility-battery-energy-storage-project/
https://www.multivu.com/players/English/8886951-lg-energy-solution-tr1300-worlds-largest-utility-battery-energy-storage-project/


The US: Incentivized and renewable integration driven expansion

 EIA. 2025. U.S. battery capacity increased 66% in 2024.  https://www.eia.gov/todayinenergy/detail.php?id=64705. 12 March 2025.

https://www.eia.gov/todayinenergy/detail.php?id=64705


 NREL. 2024. Utility-scale battery storage: electricity. 
 Federal Energy Regulatory Commission. 2024. Improvements to Generator Interconnection Procedures and Agreements.



  PrimergyGemini. 2024. Project Overview. https://www.primergygemini.com/project-overview.
 Orsted. 2025. Ørsted Announces New Battery Energy Storage System in Fort Bend County. https://us.orsted.com/news-archive/2025/04/or

sted-announces-new-battery-energy-storage-system-in-fort-bend-county.
 American Clean Power Association. 2024. Energy Storage. https://cleanpower.org/energy-storage/.

https://us.orsted.com/news-archive/2025/04/orsted-announces-new-battery-energy-storage-system-in-fort-bend-county
https://us.orsted.com/news-archive/2025/04/orsted-announces-new-battery-energy-storage-system-in-fort-bend-county
https://www.google.com/search?q=https://cleanpower.org/energy-storage/




 National Fire Protection Association. 2023. NFPA 855: Standard for the Installation of Stationary Energy Storage Systems. https://www.
nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=855.  

 Electric Power Research Institute. 2023. Energy Storage Safety. 

https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=855
https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=855


Other APEC economies

’s 

 Carlos Toro Ortiz and Belén Muñoz Zurita. 2023. Chile’s Action Plan for Power Sector Decarbonisation. Delivered for the 14th Clean 
Energy Ministerial (CEM14).



•

•

•





Changing landscape of urban energy system



Resilience is a function of time, showing power grid’s ability to degrade gradually 

 ARUC. 2025. Principles for Enhancing Electric System Resilience. National Association of Regulatory Utility Commissioners.
 Stout, Sherry R, Nathan Lee, Sarah L Cox, James Elsworth, and Jennifer Leisch. 2019. “Power Sector Resilience Planning Guidebook: 

A Self-Guided Reference for Practitioners.” Guidebook NREL/TP-7A40-73489. Resilient Energy Platform. Golden, CO: NREL. https://d
oi.org/10.2172/1529875. 

 Anderson, K., X. Li, S. Dalvi, S. Ericson, C. Barrows, C. Murphy, and E. Hotchkiss. 2020. “Integrating the Value of Electricity Resili
ence in Energy Planning and Operations Decisions.” IEEE Systems Journal, 1–11. https://doi.org/10.1109/JSYST.2019.2961298. 



Roles of energy storage in urban power system

flexibility to select the best option according to the city’s power grid requirements, such as long

 Yonghua Song et al. 2022. Resilient power grid for smart city. iEnergy. https://doi.org/10.23919/IEN.2022.0043.



： –

•

 Kalantar N.M. and Cherkaoui R. ‘Coordinating distributed energy resources and utility-scale battery energy storage system for power fle
xibility provision under uncertainty’. IEEE Transactions on Sustainable Energy, 2021;12 (4):1853–1863.



•

•

•

•

•



•

•

•



•

Applications of energy storage

•

•

•

reduce a community or industrial park’s reliance on fossil fuels and help achieve high levels of 

Considerations of energy storage deployment



•
•
•

•
•
•

•
•
•

•

•

 V. B. Venkateswaran, D. K. Saini, and M. Sharma. 2020. “Environmental constrained optimal hybrid energy storage system planning fo
r an Indian distribution network,” IEEE Access, vol. 8, pp. 97793–97808, 2020, doi:10.1109/ACCESS.2020.2997338.



•

•

•

 It has been noticed that in the end of April 2025, the German regulator published a rule on the market based procurement of inertia i
n Germany. German TSOs will start to pay BESS for inertia services, starting 2026. 

 Green the Grid. 2022. Energy storage decision guidebook. https://greeningthegrid.org/energy-storage-toolkit/energy-storage-decision-guidebo
ok/power-system-characteristics#_ftnref1

 Rose, Amy, Claire Wayner, Sam Koebrich, David Palchak, and Mohit Joshi. 2020. “Policy and Regulatory Environment for Utility-Scal
e Energy Storage.” NREL/TP-6A20-78101, 1756708, MainId:32010. https://doi.org/10.2172/1756708.

https://greeningthegrid.org/energy-storage-toolkit/energy-storage-decision-guidebook/power-system-characteristics#_ftnref1
https://greeningthegrid.org/energy-storage-toolkit/energy-storage-decision-guidebook/power-system-characteristics#_ftnref1


•

•

•

•

•

 Behnam Mohammadi-Ivatloo, et. al. 2021. Energy Storage in Energy Markets: Uncertainties, Modelling, Analysis and Optimization. Aca
demic Press (Elsevier).





Planning and deployment of BESS

 Electrical Engineering Portal. 2025. Grid Application & Technical Considerations for Battery Energy Storage Systems. [https://electrical-e
ngineering-portal.com/grid-application-technical-considerations-battery-energy-storage-systems]

https://electrical-engineering-portal.com/grid-application-technical-considerations-battery-energy-storage-systems
https://electrical-engineering-portal.com/grid-application-technical-considerations-battery-energy-storage-systems


）

 IRENA. 2020. Electricity Storage Valuation Framework. International Renewable Energy Agency. 
 IEA. 2023. World Energy Outlook 2023. International Energy Agency. 
 Rrompton Greaves. 2022. Grid Integration of Battery Energy Storage Systems: Technical Considerations.
 EIA. 2024. U.S. Battery Storage Market Trends. US Energy Information Administration.
 MISO. 2024. Transmission Expansion Plan (MTEP). Midcontinent Independent System Operator. https://www.misoenergy.org/planning/tran

smission-expansion-planning/.

https://www.google.com/search?q=https://www.misoenergy.org/planning/transmission-expansion-planning/
https://www.google.com/search?q=https://www.misoenergy.org/planning/transmission-expansion-planning/


）
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：Network operators’ efforts in 

transition to a clean energy future. The state’s Climate Leadership and Community Protection Act (CLCPA) 

supporting the state’s climate goals

Queens in 2022. The project is among world’s larger battery storage projects then in an urban setting, and 

 Duke Energy. 2025. Solar + Battery Incentives. Retrieved from https://www.duke-energy.com/home/products/powerpair.
 Lawrence Berkeley National Laboratory (LBNL). 2025. Integrated Distribution System Planning. Retrieved from https://emp.lbl.gov/proje

cts/integrated-distribution-system-planning
 Con Edison. 2025. Our Energy Future. https://www.coned.com/en/our-energy-future/our-energy-vision/our-energy-future-commitment.
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：

of Victoria’s geographical area across the wes

Melbourne’s CBD and inner suburbs. The distribution networks include built

then powers the customer’s property, with excess energy stored in a battery;

at night, when the sun isn’t shining, or to help regulate peak demand;



•

•

•
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Operation of grid connected BESS
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er-systems/
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 IEA. 2020. World Energy Outlook 2020. International Energy Agency
 Machowski, J., Bialek, J. W., & Bumby, J. R. (2020). Power system dynamics: stability and control (3rd ed.). John Wiley & Sons.
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 AEMO.2020.  Renewable Integration Study: Stage 1 report. Melbourne: AEMO
 ARENA. 2025. Battery storage. https://arena.gov.au/knowledge-bank/?technology=battery-storage.
 AEMO. 2023 Electricity Statement of Opportunities (ESOO). Annual statement, Melbourne: AEMO. 2023.



the severity of the “duck curve” by time shifting the energy.

supply of electricity generation to demand. When BESS’ perform energy arbitrage, it 

affect the resilience of the grid. BESS’ and other non



：

Challenges for integration of BESS to urban power grid

• Performance and safety: Grid operators must be confident that ESSs will perform as intended 

within the larger network. Advanced modeling and simulation tools can facilitate acceptance, 

particularly if they are compatible with utility software;

• Regulatory environment: ESSs provide divergent functions to their owners and the grid, often 

 Hesse et al. (2017). Lithium-Ion Battery Storage for the Grid—A Review of Stationary Battery Storage System Design Tailored for Ap
plications in Modern Power Grids, 2017.

 Conover. D. Overview of Development and Deployment of Codes, Standards and Regulations Affecting Energy Storage System Safety i
n the ,” Pacific Northwest National Laboratory. 

 Transitions. O., Spotlight: Solving Challenges in Energy Storage. US DOE.



leading to uncertainty as to the applicable regulations for a given project. Regulatory uncertainty 

poses an investment risk and dissuades adoption; 

• Cost-competitive systems: Actual energy storage technology (e.g., the battery) contributes 30%–

40% to total system cost; the remainder is attributed to auxiliary technologies, engineering, 

integration, and other services;

• Industry acceptance: Energy storage investments require broad cooperation among electric 

utilities, facility and technology owners, investors, project developers, and insurers. Each 

stakeholder offers a distinct perspective with distinct concerns. 

Framework for grid integration

• Dynamic frequency response: 

•

 U.S. GA Office, “Energy Storage: Information on Challenges to Deployment for Electricity Grid Operations and Efforts to Address
 Them,”  Government Accountability Office, 2018. 
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Help grid operators compare costs between “non wires alternative” grid solutions, like 

Code and standards for grid integration of BESS

 T. Sikorski, M. Jasin  ́ ski, E. Ropuszyn  ́ ska-Surma, et al., Determinants of Energy Cooperatives’ Development in Rural Areas Evidence
 from Poland. Energies, vol. 14, no. 2, p. 319, 2021. 
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performance, Standard Australia developed ’Roadmap for Energy Storage Standards’ in 

–

 Standards Australia. 2017. Release of Roadmap for Energy Storage Standards. https://www.standards.org.au/news/release-of-roadmap-for-en
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 Standards Australia. https://www.standards.org.au/news/release-of-roadmap-for-energy-storage-standards.



In general, regarding grid integration and operation of BESS, Australia’s participation in the current 





 TR 77-1:2020(2023) is compatible with IEC/TS 62933-3-1:2018.



as “behind meter (BTM)” systems. 

Community battery program
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shaving, smoothing DER’s intermittencies 

Australia Government’s 

of Industry, Science and Resources’ the Australian Renewable Energy Agency’s 

contributing to city’s net
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ways distribution network’s effort helping shape Western Sydney as a green energy hub. “It is an exciting 

whether they have rooftop solar PV installed or not.” “The installation of community batteries 

the changing needs of the customers with customers being able to generate, store and share their energy”

environmental and commercial wins for the community, and said, “Blacktown City Council strongly 

ts.” 

 Endeavour Energy. 2023. https://www.endeavourenergy.com.au/news/media-releases/endeavour-energy-switches-on-western-sydneys-first-com
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Shared virtual energy storage
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Municipal Utility District's (SMUD) “Energy StorageShares” program
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Industrial and commercial storage
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phase system, and ranging range in size from 100’s kW to GW level in capacity. It can also be connected in 
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economy’s 



•

• From a grid operator’s perspective, regulations and standards for BESS should 

•



•

operator’s intimate knowledge of evolving electricity demand and future infrastructure 

•

•

•







 NREL. 2023. Clean Energy Ministerial Supercharging Battery Storage Initiative. Battery Storage Unlocked: Lessons Learned From Em
erging Economies.  National Renewable Energy Laboratory, DOE.

 Padmanabhan, N., Ahmed, M., & Bhattacharya, K. 2020. Battery Energy Storage Systems in Energy and Reserve Markets. IEEE Trans
actions on Power Systems, 35(1), 215-225.



 Montel. 2025. Cons and Applications of Battery Energy Systems (BESS) - Montel Group, accessed May 1, 2025, https://montel.energy
/blog/advantages-applications-and-challenges-of-battery-energy-systems-bess

 NREL. 2023. Clean Energy Ministerial Supercharging Battery Storage Initiative. Battery Storage Unlocked: Lessons Learned From Emer
ging Economies. National Renewable Energy Laboratory, DOE.

https://montel.energy/blog/advantages-applications-and-challenges-of-battery-energy-systems-bess
https://montel.energy/blog/advantages-applications-and-challenges-of-battery-energy-systems-bess


Types of electricity markets
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Capacity and energy markets
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Spot market and ancillary services market
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The United States
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merican Clean Power Association (ACP). 









Investment in BESS

 Energynews.pro. 2024. China steps up investment in energy storage. energynews.pro. 
 Renewables Now. 2024) AIP buys stake in 300-MW solar, 200-MW battery project in Texas. http://renewablesnow.com.  



Note: the survey data shows that the cost of capital for battery storage tends to converge to that of solar PV projects in hybrid projects. 

Source: IEA 
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 Korea Herald. 2024. KEPCO unveils 889 MWh energy storage system. www.koreaherald.com. 
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Investment environment 
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Business models

https://www.linkedin.com/pulse/big-book-bess-revenue-models-examples-sergey-syrvachev-6usqc
http://mm.chinapower.com.cn/zx/hyfx/20231206/227067.html


many economies’ 

entities’





Project development strategies





Supply chain and industry chain

 Analysis of the Supply Chain and Industrial Chain: Key Connections and Essential Differences [EB/OL]. https://www.iyunjing.com/post/1
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Supply chain of battery energy storage systems
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