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I
OBJECTIVE

Fifth Clean Energy Ministerial (CEM5) Roundtali?eovides an important
opportunity to synthesize the lessons learned from history, and to bring
together practitioners and policymakers to cooperatively address the barriers
faced today, including technical, regulatory, and policy issues.

Presentation:Provides background information on the current state of energy
storage systems, and outlines challenges and potential solutions to further
scalingup energy storage systems as a key system of achieving universal
energy access.

The information in this presentation is based on the work conducted by the
Ministry of Trade, Business & Energy of Korea initiative and the Korea Batten
Industry Association (KBIA), in collaboration with other institutions and

organizations

Energy Storage Systems are a emerging system of technologies that can
help ensure a stable supply of electricity and reduce power consumption

CLEAN Objective

MINISTERIAL



HISTORYFENERGYSTORAGEYSTEM

Low carbon electricity is expected to play a major role in achieving
emissions targets, with an increase in renewable generation partnered
by electrification of heating and transport

Energystorage system became owgtion for providing flexibility in the
energy system, which could reduce the need for new generation
capacity and allow greater use of low carbon power.

As important policy and investment decisions will be taken over
coming years that have lorigrm effects on the energy system, it is
timely for a highlevel and strategic consideration of the role
energy storage could play.
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SCOPEOFROUNDTABLE

Anenergy storage system (ESShy device that stores electricity when the demand is low
and provides stored electricity when the demand is high. This improves energy efficien
and stabilizes operations of the electricity grid.

ESS are valuable components in most energy systems and could be an important tool
achieving a lowcarbon future. Ancgenergy storage deployments competitive or near
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CEMS5 RUNDTABLEONCEPT

The roundtable is focused on the how to develop sustainable energy strateg
utilizing energy storage system. Participants will address key questions:

What are the current status and the outlook of technology development for
expanding the deployment of ESS?

What are legal, institutional and technical challenges to the deployment of ESS i
each nation? What can be done to meet these challenges?

What are effective and efficient financing measures for the development and
deployment of ESS?

What challenges and opportunities arise in emerging economies through the
expanded deployment of ESS?

What areas require pubHprivate coordination and what should be given priority?
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ESS BROSTHEVALUEHAIN

Storage solutions for every step of the value chain

Production Distribution
‘/'W“ o Ess:’r'. h
Energy & Power High Power Energy & Power
1-10MW 10¢ 50 MW 100 Kwg 1MW
Renewables Ancillary Services Load Management
Capacity Firming Frequency Control Peak Shaving
Smoothing, Shaving Voltage Control
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ESS OLITYAPPLICATIONS

Frequency Community Residential Peak Load
Regulation Energy Storage Energy Storage Shifting Leveling

Total Load and [ A wl ah p " » 1600
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Energy supply
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- Maintain a constant - Neighborhood - Residential back-up - Alternative to peaking - Energy arbitrage
grid frequency back-up _ PV integration gat;s, power plantin - Renewable capacity
- Grid stabilized - Local peak shifting urban areas firming
back-up power - Power quality - Renewable peak
(spinning reserve) shifting
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TYPICAUTILITYOADQURVES
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Powerdemand varies from time taime, and the price of electricitichanges
accordingly The price for electricity gteak demand periods higher and at
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POTENTIAES SMPACT®NPEAKDEMEND

Energy storage systerfESS) is a new technology that helps ensure a stable
supply of electricity and reduces power consumptioridwering peak
electricity demand while complementing the shortcomings of renewable
energy, including wind power and PV

TAKING ADVANTAGE OF TOU WITH AN ESS BATTERY SYSTEM st
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POTENTIABENEFITOFESS
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QJURRENTANDSCAPE

The Current Landscape for Energy Storage
Worldwide installed storage capacity for electrical energy

. Compressed Air Energy Storage

Pumped Hydro 440 MW 3,730 MWh

#® Sodium Sulphur Battery
316 MW 1,900 MWh

127,000 MW

@ Lithium lon Battery
~70 MW ~17 MWh

# |ead Acid Battery

~35 MW ~70 MWh
over 99 % of the total storage * ;J.:,C:,‘EJVC: g?ﬁ%ﬁ' attery
capacity ’
* Flywheels
<25 MW <0,4 MWh

# Redox Flow Battery
<3 MW <12 MWh

Chart provides capacity of ESS systems used in eleciwity

Pumped Hydro Storage (PH®)wer plants, with over 127GW, represent 99%
of total ES$®eployed

Currently, ESS represents 3% of global generation capacity

Source Fraunhofernstitute.
EPRIElectricityEnergy Storage Technology Options, 2010. Current
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QJURRENTANDSCAPE

The Current Cost & Efficiency of Energy Storage

Technology Power subsystem| EnergyStorage Roundtrip

Subsystem Cost Efficiency
$/kW %

Advanced Leadcid Batteries
(2000 cycle life)

Sodium/sulphur Batteries 350 350 75 3000

Leadacid Batteries with Carben

400 330 80 2000

enhanced Electrodes 400 330 [ 20000
Zinc/Bromine Batteries 400 400 70 3000
Vanadium Redox Batteries 400 600 65 5000
Lithiumrion Batteries(large) 400 600 85 4000
CAES 700 5 N/A (70) 25000
Pumped hydro 1200 75 85 25000
Flywheels(high speed composite) 600 1600 95 25000
Supercapacitors 500 10000 95 25000

Source : Sandia National Laboratories
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ANOTHERSTIMATE ORAPIDESIMARKETSROWTH

The worldwide market forBattery ESS demand forecast to grow rapidly to

reach19,000MWh in CY20

(MWh) Battery ESS Demand Forecast
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ANOTHEROOKAT THEQURRENBTATUSOFESS

Therole for energy storage is poorly described in many pathways to a low
carbon economy.

It is a complex technology covering timescales from seconds to months,
which needs detailed analysis of systems andsgbems to identify the
economic and environmenté@enefits thatit may bring

New energy storage technologies are unlikely to be deployed on a large
scale under current market and regulatory conditions.

Demonstration of energy storage technologies needs to be sagidd
show the impact they can have and to guide further underpinning R&D to
reduce costs and improve performance.

Energy storage is an enabling technology; its potential role will be defined
by developments across the energy system
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TECHNICABARRIERS
Costcompetitive energy storage technologies

Despiteits promising future from a technical perspective, the primary barrier to
implementation of energy storage projects is the high cost of available

technologies

Diesel engines are the primary power source for many rural communities
due to a lack of technical expertise in other technology opportunities.

Renewable energy and other power resources are often ignored for traditional,
familiar diesel systems

Operation and Maintenance (O&M) pose a challenge and can threaten
the continuity of the operation and the reliability of power supply.

Energy storage system is utilized to improve the reliability of power generation,
but add complexity and cost to the system.

Uncertainty on how storage technology will be used in practice and how
new storage technologies will perform over time in application

Systems operators have limited experience using deployed storage resources.
CLEAN :
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ECONOMIMBARRIERS

Lack of markets

The lack of markets and market prices makes it difficult and sometimes
impossible, depending on the situation, for an energy storage developer to
consider a resource to provide these services.

Lack of price signals

Difficulty in determining market prices for ancillary services makes it challenging
for independent developers to consider energy storage resourcesamete
against other resources in procurement calls.

The total cost of storage systems, including all the subsystem components,
Installation, and integration costs need to be cost competitive with other
non-storage options available to electric utilities.
2 KAfTS UKSNB A& | adNRy3I FT20dza 2y NBF
such as batteries or the flywheel, the storage component still constitutes only
30% to 40% of the total system cost.

The focus needs to be on the entire system.
CLEAN
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POLICYBARRIERS

A shortage of information in the public issues, and a lack of consumer
awareness and access to information.

Information is needed for both large global corporations and very small local
players to evaluate entering the market.

Subsidy policies, such as capital subsidies, are aimed at steont
performance.

Shortterm subsidies are not effective or efficient in promoting ldagn
performance.

A lack of government support for rural electrification institutions or
programs

Countries lack institutions that fully understand the electricity needs of rural and
remote populations. Many statkevel governments lack the capacity to properly
address rural electrification needs.
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REGULATORBARRIERS

Administrative delay in the implementation of new regulations to address

barriers to energy storage deployment itself presents a barrier to
deployment.

Slow adoption of pay for performance requirements by many ISOs/RTOs

Slow modification to market participation rules to allow limited duration energy
storage resources to participate in ancillary service markets

No international standard operating procedures, quality standards, or
safety standards exist for setting up ESS.

The lack of standards results in a higgk perception that discourages private
investment, which limits funding opportunities.

Demand for ESS decreases due to uncertainty about the quality and safety.
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PERFORMANCEND SAFETY

The process for evaluating and reporting the performance of existing
storage systems on a unified basis needs to be created.

This combined with industry accepted codes and standards to specify desired
performance parameters for each storage service, will lead to a wider
acceptance of energy storage system.

For example, the usable life of batteries, the length of time

The operational safety of large storage systems is a concern and will be a
barrier its deployment in urban areas or in proximity of other grid
resources such as substations.

Design practices that incorporate safety standards and safety testing procedures
for the different storage technologies need to be developed and codified.
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TECHNICABOLUTIONS

Accelerate R&D efforts focused on optimizing the integration of energy
storage technologies in the energy system.

Improve battery assembly design to improve system reliability and
performance.

Improve operation management of battery systems, both centralized and
distributed.

Improve the efficiency of energy storage system and document technology
performance through testing and demonstration.

Document and more effectively communicate the cost and performance of

energy storage systems for applications and best practices for installation
and operation.
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e —
ECONOMICSOLUTIONS

Definea fair marketdesignfor all servicegrovidedby energystorage
Supportneededmarketintegration

To ensure longterm viability, preference market solutions for storage
applicationan both regulatedand non-regulatedparts of the system

Streamlinethe financingprocesdor large-scalestoragesystemswith clear
guidelineson documentationrequirements

Incentivize the cofinancing of distributed electricity generation
technologieswith integrated storageafter assessinghe risksand benefits
of this approach

Explorenew businessnodelsto overcomethe barrier of highupfront costs
of innovativeand efficient energystoragesolutions

Standardization ia key requirement for cost reduction
- Standardization can lead to lower transaction costs in the economy
asawhole, as well as to savings for individual businesses.
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POLICYSOLUTIONS

Governments; Set out longterm policy directions foenergy

Regulators; Ensure uniform or at least neconflicting treatment and
ensure, where possible, coheresmprehensiveand equitable
regulatory treatment

Fundersof energy innovation- Set out strategies for the analysis and
innovation of energy storage technologies, coordinating support and
integrating the analysis of potential benefits with technology innovation.

All¢ Work cooperatively to ensure an efficient transition to low carbon
solutions that energy storage could help enable.

All ¢ Fund further analysis of the potential role of storage.

All ¢ Support whole system and subsystemodeling incorporating the
full range of energy storage options across time and energy scales
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REGULATORAND STANDARD

Recognizéhe potential benefits of increased energy storage explicitly
In electricity Market Reform and regulatory approaches

Avoidadding barriers in the way of future ESS deployment, either
dlrectly or as an unintended consequences of other policies, desplte

0KS dzy RSNLIAYYAY3 lylftéara 02 RST
developed to date.

Takenote of emerging environmental and economic cases for
Incentivizing deployment of such technologies

Implement testing programs to document the safety and performance
of energy storage technologies, based on published standards and
protocols.

Work with standaresetting organizations and governments to
develop performancdased labelling of energy storage.
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INDICATIVESS EMONSTRATIORROJECTS*

> * Korea A Lotte chemical
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DEMONSTRATION

ZhangbelNational Wind PV Energy Storage Project (China)
Hybrid Wind Power + Solar PV Generation + LithamBattery Energy Storage : 216 MW

Location : ZhangbeCounty,HebeiProvince, China )
Project Status : Commissioned : 2011
Rated Capacity : Total 226MW (wind 100MW, solar PV 40MW, Battery storagdGNaWw)
Owner : State Grid Corporation of China(SGCC)
Cost: $1.88billion(first phase investment : $550 billion) )

Asof completionin 2011, the Zhangbei
National EnergyStorageand Transmission
DemonstratiorProjectisthe 4 2 NFiri Q &
and,to date, only utility-scalehybrid
renewableenergyplant to integrate

utility -scalewind and solar PVgeneration
with large scalelithium-ion battery
energystorage
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