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What is ESS? (Schematic)

From: LAZARD’S LEVELIZED COST OF STORAGE - VERSION2.0, 2016

Unit : (PCS) MW/(BESS) MWh



What is ESS? (Architecture)

From:  Battery Energy Storage Study for the 2017 IRP, PacifiCorp, 2016



Why ESS?

1) Power System Transition
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Why ESS?

2) System Efficiency Increase

� Any system without storage has very bad system efficiency

Image from www.google.com



Why ESS?

3) Digitized Output



Why ESS?

4) Good Solution for DMCs

Image from www.google.com



Why ESS?

5) Business Opportunity

From: Global Lithium Market Outlook, ALBEMARLE, 2016



Types & Characteristics

From: World Energy Resources, WEC, 2016



Types & Characteristics

From: World Energy Resources, WEC, 2016



Types & Characteristics

From: World Energy Resources, WEC, 2016



Types & Characteristics

From: World Energy Resources, WEC, 2016



Types & Characteristics

From: World Energy Resources, WEC, 2016



How to Choose?

From: http://www.climatetechwiki.org/technology/jiqweb-ee



How to Choose?

From: LAZARD’S LEVELIZED COST OF STORAGE - VERSION2.0, 2016
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How to Choose?

From: LAZARD’S LEVELIZED COST OF STORAGE - VERSION2.0, 2016



How to Choose? (Example of Developed Country)

From:  Battery Energy Storage Study for the 2017 IRP, PacifiCorp, 2016



How to Choose? (Example of Emerging Country)

Estimated Fuel Savings and System Costs of Energy Storage Technologies in 

Remote Microgrids by Battery Type, World Markets: 3Q 2016 

From:  Energy Storage Trends and Opportunities in Emerging Markets, IFC, 2017



Grid Applications

From: Energy Storage System: Challenges and Opportunities, CEM, 2014



Grid Applications

Image from www.google.com



Grid Applications

Characteristics Use/Duty Cycle Application

Long Duration/Frequent Discharge
1 cycle/day

250 days/year

Load Levelling

Load Following

Arbitrage

Distribution Deferral

Long Duration/Infrequent Discharge 20 times/year Capacity Credit

Short Duration/Frequent Discharge
4x15 minutes of cycling

250 days/year
Frequency or Area Regulation

Short Duration/Infrequent Discharge 20 times/year Power Quality, Monetary Carryover

Application Storage Support Time

Frequency Regulation 1-5 minutes

Spinning Reserve 15-20 minutes

Distribution Upgrade Deferral 1 - 4 hours

Demand Management 15 minutes – 1 hours

Power Quality Second to 5 Minutes



Application Examples

� Renewable Energy Integration



Application Examples

� Frequency Regulation



Application Examples

� Demand Side Management



Application Examples

� Microgrid



Application Examples

� Others



Recommendations

� Develop Policy & Regulation to promote ESS installation in DMCs

� Valuation and Markets

� Regulatory Treatment

� Development Risk

� Consider ESS installation to the Project

� Generation Project

� Renewable Energy Project

� T&D Project

� Microgrid Project

� Building EE Project



Thank you


