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Abstract
The need to reduce greenhouse gas emissions has catalysed the rapid growth of renewable energy worldwide.
However, the intermittent nature of renewable energy requires the support of energy storage systems (ESS) to provide
ancillary services and save excess energy for use at a later time. ESS policies have been proposed in some countries
to support the renewable energy integration and grid stability. These policies are mostly concentrated around battery
storage system, which is considered to be the fastest growing energy storage technology due to its efficiency,
flexibility and rapidly decreasing cost. ESS policies are primarily found in regions with highly developed economies,
that have advanced knowledge and expertise in the sector. This paper provides a comprehensive review of ESS
policies worldwide, identifying the different goals, objectives and the expected outcomes. It discusses the benefits of
having such policies, the impact they have and opportunities they have created in the energy sector. Some of the
countries that have been identified to have mature ESS policies are United States of America, United Kingdom,
Germany, South Korea, Japan, China and Australia. These countries have the most advanced storage technologies
and are constantly undertaking research, development and demonstration (RD&D) projects sponsored by the industry
and government. ESS policies mostly promote energy storage by providing incentives, soft loans, targets and a level
playing field. Nevertheless, a relatively small number of countries around the world have implemented the ESS
policies. It is hoped that other countries especially in the emerging economies will learn from their experiences and
adopt the policies to assist local entities that want to drive change in their community.
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Introduction
Energy storage systems (ESS) have been around for a long time with the earliest and most popular form being the
Pumped Hydro Storage [1]. Other forms of ESS are compressed air, flywheel, super-capacitor and battery. All these ESS
technologies have their advantages and disadvantages and are used according to the application of the ESS and some
other considerations such as cost, location and whether high energy or high power functions are needed [2] . In order to
reduce the carbon output from traditional fossil fuel powered power plants and vehicles, several countries have
promoted the use of renewable energy sources such as solar PV, wind and electrical vehicle (EV). Renewable energy
sources are intermittent in nature and as such need ESS to provide ancillary services and to stabilize the output or to

store electricity for use at a later time when required. ESS technologies are also used in the power sector for grid
stability, power back up and energy arbitrage [3]. These functions contribute in stabilising the power sector and hence
save a lot of money for the sector.
Many energy related policies, such as renewable energy policies and market reforms have been implemented in
many parts of the world. However, ESS policies have only recently started to be adopted and promoted in some
countries. It is only with ESS policies that barriers blocking the development of ESS can be eliminated to ensure they
can one day become a norm in our households, businesses and even the grid. Also, ESS policies play a major role in
the development of green technologies which are good for low carbon emissions. ESS policies have not been covered
extensively in academic journals. Hence, the information about policies in this paper are mostly acquired from
government websites related to policy making, working papers, conference proceedings and energy agencies. Mark
Winfield and team examined the niche level development of new ESS technologies in the European Union, Canada
and the United States in [4]. They employed a multilevel perspective approach that examined development of new
ESS technologies as an encounter between existing regulatory, technological and social regimes. The authors in [5]
studied the changes needed in regulation of electricity systems to accommodate ESS. Services provided by ESS were
identified and the two relevant ‘arenas’ for services related to storage were pointed out. These were (i) avoiding
distribution/transmission for transport of energy and (ii) selling and buying energy at different times. In [6] , Byuk
Keun Jo and team evaluated the impact of an incentive scheme for behind the meter ESS called electricity charge
discount program in South Korea. Based on a case study that was carried out to study the impact of the program, the
profitability of behind the meter ESS showed tremendous improvement. The regulatory and market environment for
the provision of ancillary services in the US was explored in [7] . The full potential of ESS in a smart grid was realised,
by reconceptualising ESS as an asset class in a central role in the future structure of the grid and power markets in
[8]. In [9], a typology was developed to analyse different technologies and how they require different types of
capabilities for industry localisation in emerging economies. This was done to serve as a guideline for policy design
and technology selection in different countries.
In this paper, a comprehensive review of existing ESS policy worldwide is presented and samples from different
countries are discussed with emphasis on battery ESS. Considerations to be made before implementation of such
policies, barriers and drivers are also discussed. The highlights of this paper are (i) prominent tools and facilitators
that are considered when making ESS policy to act as a guide for creating effective policy, (ii) trends in ESS policy
worldwide, (iii) similarities in policy, which in most cases encourages incentives, soft loans, targets and competition,
and (iv) impacts and opportunities attached to ESS policy for emerging economies are presented.
This paper is organised into seven sections. Section 2 discusses the prominent tools and facilitators of an ESS
policy. Section 3 highlights the ESS policies around the world with sample policies from some of the countries that
have adopted it. Section 4 evaluates the impact of ESS policies on countries that have implemented it. Section 5 looks
into the opportunities of ESS policy for emerging economies. General discussion about ESS policies is provided in
Section 6 while the conclusion is presented in Section 7.

2

Prominent Tools and Facilitators of an Energy Storage Policy
In general, policies are designed to establish boundaries and provide regulatory guidelines. According to the
Energy Storage Association (ESA), the policy tools fall under three categories which are value, access and competition
[10]. The policy should increase the value of ESS by establishing deployment targets, incentive programs and creating
markets for it. The policy should establish access to ESS by reducing limitations for grid interconnection, adjusting
codes and standards and promoting multiple use functionality of storage. The drivers of an ESS policy are illustrated
in Figure 1. The prime objectives of an ESS policy are:

•

•

To inaugurate the best practices that will sustain the positive economic impact of energy storage
development on consumers and local communities.

•
•
•

•

To promote and encourage ESS implementations among ratepayers.

•

To develop fair and competitive markets for the adaptation of ESS technologies.

•

To ensure that regulatory policies are able to reflect the values provided by ESS projects.
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Figure 1: Significant tools considered in ESS policy [10]

3

Energy Storage System Policies Worldwide
ESS policies are being introduced worldwide for different reasons though the main reason is because of the
enormous benefits in reducing the greenhouse gases emissions. United States (US) and Australia adopted the ESS
policies for power systems stability functions. Japan’s policies are mainly targeted for emergency power due to the
volatile nature of the region to natural disasters, whereas Germany adopted the ESS policies for renewable energy
integration into the grid. South Korean policy focuses on peak power reduction for homes and businesses [11]. Even
though every country has its area of priority for ESS functions, they are not limited to one specific area and are
diversified to take full advantage of ESS whether in power systems, back up or renewable energy integration.

3.1

United States

The US regulators have been actively pursuing the efforts associated with the deployment of ESS. They have
funded many field exhibitions, energy storage pilots and implementation studies. Both federal and state level
governments have pursued policies to promote investment, tax reduction, subsidy support and expansion of public

supplies with the sole purpose to boost and create new markets for ESS [11]. The state governments have developed
installation support policies by requiring companies who meet certain criteria to install ESS and providing subsidies
for installations connected with new and renewable sources, while the federal government promotes the investment
of enterprises [11].

3.1.1

Federal

Earlier this year (2020), the American Energy Innovation Act (AEIA) authorised $1.4 billion for ESS research
development and demonstration (RD&D) at the US Department of Energy (DOE). This was carried out under section
1301 of the legislation and would last for five years [12].
The Farm Bill in 2019 promoted the ESS projects in rural areas by financing programs administered by the
Department of Agriculture which support clean energy projects in farms and small businesses in rural communities
[13]. In 2018, the DOE’s Advanced Research Projects Agency (ARPA-E) funded a long term energy innovation under
Duration Addition to electricity Storage (DAYS) program. The program was to focus on developing technologies that
can power the US electrical grid for 100 hours from ESS [14].
The ESS tax incentive bill, S.3159 was proposed in 2016 with the sole purpose of allowing tax credits for ESS
with a minimum capacity 5 kWh. The incentive also covered ESS systems of different forms such as chemical,
electrical, thermal, electrochemical, mechanical and other systems identified by internal revenue services, as long as
they store energy by charging and can also discharge when needed [15,16]. Homeowners get the same credit as the
one that is currently available for solar energy under the Residential Energy Property Tax Credit for ESS. The
incentive is only available for battery storage with a minimum capacity of 3 kWh [17].
The Storage 2013 Act was created with the aim of creating equal tax incentives and promoting the deployment
of ESS technologies. It provides 30% investment tax credit to businesses and homeowners for onsite storage to store
off peak electricity from the grid or solar PV and 20% for projects connected to the electric grid and distribution
systems[18].
Fast responding ESS sources like flywheels and batteries that bid into frequency regulation markets got an
increase on their pay in 2011 under order 755 of the FERC. This was done to promote the ESS used for frequency
regulation by giving it reasonable rates [2]. Another step forward for ESS was order 784 of the FERC, which opened
ancillary service markets for storage developers. Accounting and financial rules attached to this order guarantees rate
recovery for ESS technology. Accuracy and speed requirements for transmission regulation services is ensured under
the order [19]. In 2018, order 841 was approved and its main purpose is to remove any barriers for the entry of ESS
technologies by Independent System Operators and Regional Transmission Organisations. The FERC believed that
this will create healthy competition in the energy grid sector [20].

3.1.2

State

ESS has created a lot of interests among several US states, which have taken action to accelerate its deployment
by RD&D and creation of policies to promote it [21]. Five types of state level ESS policies are identified by the Pacific
Northwest National Laboratory, as depicted in Figure 2 [22]. These are:
i.

Procurement targets: Utilities are given mandates to acquire a certain target of ESS.

ii.

Regulatory adaptation: Removing barriers in energy regulations to promote ESS.

iii.

Demonstration projects: ESS projects are funded and authorised to see their performance.

iv.

Financial incentives: Behind the meter systems are given subsidies and tax incentives.

v.

Consumer protection: Customers with ESS installations are given certain rights by policies set up to
protect their interest.
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Figure 2: Types of state level ESS policies

Hawaii is diversifying into renewable energy at a fast rate and has a goal of reaching a 100% renewable energy
by 2045. It is because of this that Hawaii Electric has been investing heavily in ESS that will be integrated into the
renewable energy power generation [23].
Oregon passed law HB2193 in 2015, which requires that the utilities in the state must have a minimum of 5MWh
ESS in service by 2020 [24]. The Arizona State Commissioner in 2018 proposed a target of 3,000 MW in ESS by
2030. This will support the goal of reaching 80% of electricity energy coming from clean energy by 2050 [25].
California through its state procurement mandate in 2016 and 2017 drove the grid scale ESS market in the US.
Bill AB2514 in 2010, required that a target of 1,325MW should be achieved by the state owned utilities by 2020. The
California Public Utility Commission was to supervise it [21]. Due to the promising nature of the bill, another 500MW
was added to the mandate [26]. California also passed a bill to make the installation of ESS responsible for 5% peak
power, compulsory by 2020 [11].
Massachusetts in 2016 conducted a review of ESS opportunities and set an aspirational target of 200 MWh to be
installed by 2020 [21]. In July 2018, the state passed H.4857, setting a goal of 1000 MWh of ESS by the end of 2025
[14].
In New York, a target of 1500 MW of ESS was set in 2018, to be achieved by 2025 by the Clean Energy Standard
(CES). New York has a target of achieving 50% of electricity used by 2030 to be from renewable energy and to
achieve this goal, ESS will play a major role taking care of intermittent issues and grid reliability associated with
renewables [27]. New York has allocated a lot of funds for the Clean Energy Fund among which $60 million is for

soft cost ESS reduction and RD&D. An additional $200 million for ESS projects has also been invested by the New
York Green Bank [28].
In New Jersey, as part of the Action Plan Amendment Number 7, the state launched New Jersey Energy
Resilience Bank worth $210 million to prevent power disruption and increase network reliability by deploying ESS,
distributed generation and smart grid technologies [29]. This will allow New Jersey to invest in fuel cells, solar
integrated with storage and other solutions into critical facilities. In order to provide financial support and incentives
for storage systems that are incorporated with renewable energy projects, the New Jersey Clean Energy Program was
established in 2015 by the Board of Public Utilities [30]. In 2018, A3723 was passed in New Jersey. It set out an ESS
target of 2000MW to be achieved by 2030 [14].
Other states in the US have also adopted policies that support the development of ESS. Figure 3 shows a map of
the US highlighting states that have adopted ESS policies in green.

Figure 3: States with ESS policies in US (data obtained from [31])

3.2

Europe

Europe under the European Union (EU) has supported the collective renewable energy technologies development
and installations to reduce the carbon output from traditional fossil fuel power plants. The intermittent nature of
renewable energy sources makes ESS, specifically battery storage the best option to mitigate the challenges. A
framework to develop ESS infrastructure to accommodate higher penetration of renewable energy resources was set
up. It was named stoRE project. Many countries in the EU are developing their ESS policy so as to adjust or block
barriers from existing policies that interfere with the development of ESS policy. Most of the policies are incentives,
subsidies and RD&D based. They are created to study ESS technologies, promote their use and make it attractive for

the general public. They are also encouraged and supported in the power sector for ancillary services, backup power
and so on.

3.2.1

United Kingdom

Deployment of storage systems in the UK is not entitled to any direct subsidy. In order to create an ESS and
sustainable energy industry that will not be dependent on subsidy, regulatory and policy barriers are being removed
by the government. Funding for RD&D projects for ESS, especially battery storage has also been made available to
encourage innovation in the sector [32]. Renewable energy generation and capacity market schemes have levies that
are paid by final consumers. Suggestions were made to omit ESS systems from such levies as in most cases they are
not the final consumers [33]. This will have a tremendous impact on the adoption of ESS.
The Smart Network Storage project is another policy related to ESS which has a test site that uses renewable
sources to charge lithium manganese battery cell technology to supply power to the distribution grid at peak hours
[34]. Several ‘proof of concept’ projects for battery storage have been demonstrated all over the UK to prove that the
technology works and will bring more benefits than harm [5]. Some examples of these projects are the Kilroot power
station in Northern Ireland and the 10 MW battery storage in Cumbria [35,36].
The enhanced frequency response is a service run by the UK National Grid for the provision of ancillary services
to the grid. Eight companies were chosen to provide storage solutions to the grid. The aim of the service is after
registering a frequency deviation to provide 100% active power output at a maximum of one second output [37].
Another initiative was set up in Scotland to encourage the uptake of electric vehicles (EV) is the domestic charge
points for EV. The initiative funds about 70% of the total cost of installation. Charging from home can be done
overnight and charging time is expected to be reduced by 30-60% [38].

3.2.2

Germany

KfW Bank in partnership with the German Federal Ministry for Economic Affairs and Energy set out a low
interest subsidy and loan scheme for ESS batteries integrated with solar PV and connected to the grid [39]. The
Ministry covers 30% of the energy system cost and it is expected that the PV system will feed in a maximum of 60%
of installed capacity into the grid [2]. The installations of home storage systems both from KfW Bank funding and
non-KfW funding in Germany, taken from data and analysis conducted by ISEA RWTH Aachen [40] from 2013 to
2017 is shown in Figure 4. The figure shows a sharp rise in PV battery storage without funding from KfW which
indicates that people have accepted the battery storage for PV and the benefits attached to it.
Under the German Renewable Energy Sources Act (EEG), grid tariffs and levies are exempted for in front of the
meter ESS facilities. This is as long as the stored energy is fed back into the grid. The EEG was updated in 2017 and
the exemptions was expanded under §61k for loss of energy and self-supply of storage [32]. Legislation laws such as
the §51(1) of the EEG act as a barrier for ESS and promotes renewable energy alone, as it supports the subsidies to
continue for 6 hours of negative price periods. These type of laws need to be adjusted as subsidies for negative prices
periods do not encourage the development of ESS [32,41].
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Figure 4: Battery/PV ESS system in Germany [39]

3.2.3

Other European Union countries

Other countries in Europe also have initiatives and regulatory frameworks that support ESS. They also have some
barriers that slow down the development ESS sector. Table 1 presents some of the initiatives and regulatory
frameworks of EU countries.

Table 1: Initiatives and regulatory framework of some EU Countries [32,42–44]
Country

Italy

Spain

Initiatives and regulatory framework

Barriers

National Energy Strategy (NES) was published in
2013, which made a commitment to decarbonisation
and reduction of imports of oil, gas and coal.

High grid charges discourage
ESS.

ESS systems related to sustainable transport and
smart grids were to be researched under the NES.

ESS initiatives for battery storage
are slow as there is no policy to
support it.

Spain has 17 autonomous regions, with each having
parliaments that make their own laws when it comes
to energy. The central government provides basic
provisions.

ESS is considered as generation
and are not separately regulated.

Renewable energy systems have a special tariff that
is provided through tenders and are given priority
dispatch and access.

In order to improve the energy efficiency of a solar
PV system, a lithium ion battery storage system was
set up in Almacena and managed by the grid operator
REE.
ESS system installation under the ALISOS project in
Tenerife to support renewable energy systems was
set up and is being managed by the grid operator
REE.
The economic and technical viability of ESS is
investigated by three ESS facilities commissioned by
Endesa.
Malaga and Barcelona have set up initiatives for
smart grids.

Netherlands

In the past, abundant fossil fuel supply slowed down
the uptake of renewable energy systems.
Public utility companies own regional networks
while the national grid is operated by TSO Tennet.
In order to meet international targets and to reduce
the emissions of greenhouse gases, the government is
promoting power generation from renewable energy
sources.
Uptake of ESS is discouraged as adequate legislation
to support ESS does not exist.
A temporary regulation was launched in 2015 that
encourages electricity experiments by investors in ES
and renewable energy systems.

Legislative and financial
support for new grid solutions
do not exist.
ESS facilities do not have much
business interest in the
Netherlands.
New Energy solution doesn’t
have much interest as the
national grid has good access to
German and French grids.
Battery storage uptake is slow
as net-metering is in place.

Preferential treatment is giving to investors in
renewable energy systems. Tax and levy exemptions
are some of the incentives that are given out.

France

A target of 40% renewable energy target was set for
2030 under the Energy Transition Law. ESS was
identified as a means of achieving the objectives of
the policy.

ESS legal framework for its
development does not exist.

A hydrogen plan was set up in 2018 with funding of
a €100 million annually for five years in order to
develop the technology and its ESS potential.

Direct injection of electricity into
the grid instead of storing it is
favoured by feed in tariffs.

ESS is mentioned three times in the French energy
code. The first is in L142-9-I where a registry for
ESS facilities and electricity generation was placed in

Standalone ESS facilities are
considered as a consumer when
charging and a producer when

a national register. The second in article L315-1
which states that a plant or a self-consumer can
acquire ESS. The third article L121-7 states that
public service contribution of electricity (CSPE) will
offset any cost of ESS facilities managed by grid
operators in non-interconnected areas.

discharging into the grid.
Accessing the grid attracts a
double charge because of this
translation. This system impacts
the adoption of ESS negatively.

Industries with ESS are given up to 50% reduction
under TURPE 5 with the difference between low
consumption hours and peak consumption hours
being reinforced.

3.3
3.3.1

Asia
Japan

ESS related policies have been around in Japan for a very long time and dates back to 1978 when the Moonlight
project was developed by the Ministry of Trade and Industry (METI). It was a ten-year RD&D program sponsored
by the government for research in ESS, gas turbine and heat pump technology [45]. Battery storage and fuel cell was
encouraged and supported in the moonlight project in order to reduce Japans dependence on oil imports [46].
In 1980, New Energy and Development Organisation (NEDO) now known as New Energy and Industrial
Technology Development Organisation was established [47]. NEDO was set up to find alternatives for ESS like
pumped hydro with construction periods that are long, large budgets and environmental factors that are associated
with it. Battery technology was thereafter launched alongside renewable and smart grid technology development
through the 1980’s [46].
In the 1990’s, Japan’s energy landscape was characterised by deregulation, which gave rise to the
commercialisation of increasingly diverse ESS and generation options. In 1993 the New Sunshine Program was
formed by combining three of the previous projects with the aim continuing RD&D for sustainable growth, solving
challenges associated with the environment and energy sector [48].
A technology development project was launched by NEDO in 2006 for battery technology. It was to be combined
with renewable energy to manage fluctuations [47]. Battery storage project team was set up by METI in 2012. This
was done to promote battery technology and storage by creating supportive policies, markets and abiding by
international standards of the technology [49].
The Fourth Strategic Energy Plan was launched in 2014 with the primary objective of promotion and
establishment of a multi layered energy supply system that is resilient and will ensure stable energy supply [50]. “The
3E+S” principle was developed with the policy objectives given as follows:
•

Energy Security

•

Economic Efficiency

•

Environmental Sustainability

•

Safety

After the Fukushima nuclear power plant accident, the energy market has changed significantly in Japan with the
rise of smart city plans and higher uptake on renewable energy. All of these systems are only possible with ESS to
regulate energy demand management systems [46]. The Energy plan launched in 2014 encouraged renewable energy

systems and also promoted energy efficient management system (EMS). The reduction of nuclear energy power plants
and systems was encouraged [51]. Japan has supported policies to provide a third of total expenses with government
subsidies and other support programs for ESS to prepare for unstable power issues after natural disasters [11].
The relevant regulatory and legal architecture of Japan’s ESS market is shown in Table 2. The Fire Prevention
Ordinance and the Electricity Business Act made a distinction between small and large scale ESS usage. Technical
standards and regulatory guidelines outline grid connection norms [52].
Table 2: Regulatory Structure of Japan’s Energy Storage [52]
Type
Guideline
(Technical
Requirement)

Regulatory Structure

Governing Organisations

Technical requirements guideline of grid
interconnection to secure electricity quality (2004,
revised in 2013)

Ministry of Economy,
Trade and Industry
(METI)

Grid Interconnection Code (JEAC 9701-2006)
(superseded by JEAC 9701-2012.)

Japan Electric Association
(JEA)

Electricity Business Act

Required approval for
large electricity storage
system more than
80,000kWh

Ministry of Economy,
Trade and Industry
(METI)

Fire Service Act

Dangerous material for
more
than
1,000ℓ
organic
electrolyte
solution

Relevant
Legislation
Fire Prevention Ordinance

Required approval for
large battery
(4,800Ah/cell)

Building Standards Act

Construction application
for building regarding to
fire prevention property

Fire and Disaster
Management Agency,
Ministry of internal affairs
and Communications

Ministry of Land,
Infrastructure,
Transport and Tourism

Larger capacity ESS poses more energy supply risk for integration into the grid and more of a safety risk on its
own than a small scale ESS system. It is because of this that the regulations and laws are more involved in the larger
scale ESS in Japan. The small scale ESS users are mostly for residential use and small businesses and normally use
small batteries that do not necessarily connect to the grid. Because of the nature of small scale batteries, the Fire
Prevention Ordinance does not regulate it and rather concentrates on large scale ESS facilities and sites [46].
METI in 2012 set out an ambitious target of gaining 50% market share of the world’s battery storage market by
2020 alongside its battery storage strategy. It also aims to capture 25% of industrial/residential battery storage market
and 35% large scale battery world market share [50,52].

3.3.2

China

From 2005 onwards, China's central government promoted many policies for the development of ESS industries.
The policies targeted different aspects that can progress and ensure the rapid development of ESS such as market
development, grid connected operation management, development pattern environmental protection and financial
support [53].
The central government concentrated on a lot of RD&D ESS projects especially on batteries. One of such projects
is the Zhangbei 36 MWh lithium ion battery ESS which was installed to evaluate the value and kind of services it can
add to the grid [2]. Due to the rapid deployment of renewable energy power generating systems, the integration of
ESS and renewable energy such as solar PV and wind was given priority. Development of ESS in distributed micro
grids and distribution and transmission was also given major attention. This was all done in order to pave way for the
smooth transition and development of ESS in China.
The ESS technology and industrial development promoting guideline in China plans to promote ESS by carrying
out demonstration projects and then commercialisation. It encouraged the demonstration projects to be continuously
carried out as long as there are new technological innovations. The information and control of ESS should be improved
by combining it with energy internet [54]. Table 3 lists some of the policies related to ESS in China.

Table 3: Policies related to ESS in China
Laws and Regulations

Objectives

Year

Published
in
2005;amended
in 2009

Reference

Renewable Energy Law of
China and its amendment

ESS technologies should be
developed and applied from a
national legal documents
perspective.

[55]

Catalogue for the guidance of
the renewable energy industry
development

Increase scale of ESS batteries and
rapid commercialization.

2005

[56]

The national medium and long
term development plan for
science and technology 2006–
2020

Development of ESS technology
and materials from a technological
point is supported.

2006

[57]

12th Five Year Plan for
intelligent network

Basic work on electrochemical
ESS is carried out, the role of ESS
in smart grid, distribution and
power generation is defined.

2011

[58]

Twelfth Five Year Plan for
National Economic and Social
Development of the People's
Republic of China

ESS is used in smart power grids
as technical support.

2011

[59]

Notice on Formulating the
Thirteenth Five-Year Plan for
the Development of Solar
Energy

An energy system that combines
ESS with solar PV should be
build.

2014

[60]

Guiding Opinions on
Implementing the
Demonstration Projects on New
Energy Micro grids

ESS with sufficient reaction time
and capacity should be constructed
into energy micro grids.

2015

[61]

Opinions on Further Deepening
the Reform of the Electric
Power System

Micro power grids that incorporate
information and advanced ESS
technologies should be actively
developed.

2015

[62]

Thirteenth Five Year Plan for
National Economic and Social
Development of the People's
Republic of China

RD&D for large scale ESS
application should be promoted.

2016

[63]

2016

[64]

2016

[54]

Notice on the Publication of the
Thirteenth Five Year Plan for
Renewable Energy
Development

1) The application of ESS in
renewable energy field should be
promoted.
2) Development pattern of ESS
that is suited to that of renewable
energy should be explored.
3) Specification for grid access,
technical standards, testing and
certification process should be
perfected.
4) ESS technology business
pattern should be explored.

Notice on Promoting the Pilot
Work of Participation of
Electric ESS in the
Compensation (Market)
Mechanism for Electricity
Ancillary Services in Northeast
China, North China, and
Northwest China

Ancillary services of ESS devices
are promoted.

Notice on Releasing the
Measures of Technical Policy
for the Lead-acid Production
and Renewable Pollution
Control, and of Technical
Policy for the Pollution Control
of Waste Batteries
Notice on Releasing the
Thirteenth Five-Year Plan for
Energy Development

Cleaner production and ecological
design of lead acid batteries.

2016

[65]

2017

[66]

1) Carry out demonstration of ESS
projects.

2) Distributed energy grids
underpinned by ESS technologies
should be developed.

3) Electric power systems, new
energy systems and ESS optimised
and coordinated operation should
be promoted.

3.3.3

South Korea

In May 2011, South Korea established Energy Storage Technology Development and Industrialization Strategies
(K-ESS 2020), and has propelled technology development and demonstration projects in order to study the behaviour
and promote the use of ESS [11].
The central government has shown tremendous support for innovative energy systems, which includes the usage
of ESS within Energy Management Systems and smart grids, the government in 2014 planned to install 500 kWh of
ESS. The Korea Electric Power Corporation also planned to install 1000 kWh of storage [2]. Through the Ministry of
Trade, Industry, and Energy (MOTIE), customised electricity rates have been created to uplift the ESS and EV
industries, attracting investment in storage and the use of eco-friendly EVs by consumers [67]. Installation of different
ESS by small and medium enterprises was also supported with incentives.
In order to encourage expansion of the installation of ESS in Korea, the Electricity Charge Discount Program
(ECDP) was implemented in 2015. The program works by giving a discount rate for electricity when charging the
ESS at light load and when the ESS reduces peak load by discharging during the peak period. The electricity bill will
then be discounted based on the peak load reduction [6]. For the purpose of enhancing the effectiveness of the ECDP
incentive, the government in 2017 implemented a policy that will temporarily increase the discount rate depending
on the ratio of the battery storage capacity to contract power of the electricity customer [6]. The incentive will
encourage the rapid adoption of battery storage because of the benefit of discounted electricity bill attached to it.

3.4

Australia

In 2012, the Australian Renewable Energy Agency (ARENA) was established under the ARENA Act 2011 with
the sole aim of driving down the cost and increasing the use of renewable energy. ARENA at present is the key

mechanism supporting ESS development in Australia and has identified that ESS can play an important role in
achieving the aims and objectives of the agency which is why it has invested heavily on battery storage [68].
The South Australian (SA) government made a low carbon investment plan policy strategy in 2015. It invested
heavily in its low carbon energy and has already reached 52.1% of renewable energy penetration [69]. ESS has gained
a lot of support and investment in this project and will be used mainly to prevent power quality and curtailment issues
that might arise from intermittency of renewable energy systems [70]. In 2015 under the sustainable city incentive
scheme, direct financial incentives were offered for battery storage attached to solar PV installations by the Adelaide
City Council, making it the first government in Australia to offer such incentives. The scheme targeted business
owners, residential buildings, community groups and schools with such installations. Shortly after the scheme
commenced and the promising nature started to show, the SA government matched the funding of Adelaide city
council to install close to 600 kWh of battery energy storage [71]. In October 2018, the home battery scheme was
launched by the SA government to provide subsidy for residential customers to install battery with their roof top solar
PV systems [72]. SA government also has installed the world’s largest Li-ion battery (100MW/129MWh), the
Hornsdale power reserve to provide the essential grid support services [73].
The Australian Capital Territory (ACT) has an ambitious renewable energy target of 100% by 2025 which is
supported by the sustainable energy policy framework launched in 2011. Battery ESS is viewed by the government
as playing a vital role in achieving some of the objectives of the policy [74]. The Next Generation Renewables is one
of the programs the government has implemented in order to facilitate the installation of 36 MW of battery storage
across 5000 homes and businesses between 2016-2020 [75].
The Renewable Energy Industry Development Strategy (REIDS) is another initiative that was designed to support
growth in the clean economy. The main focus of REIDS is to develop the renewable energy industry in the ACT such
as solar and wind together with ESS. It is supported through the development of renewable energy test facilities and
a business research precinct with the collaboration of government and industry [76].
In order to support, promote and encourage the use of ESS in Australia, thirteen possible market reforms have
been suggested by the Clean Energy Council. The reforms have been summarised under the following categories:
• Level the playing field
• Removal of regulatory barriers to behind the meter ESS
• Reward and recognise the value of storage behind the meter
• Protect Consumers and establish standards
Table 4 gives the breakdown of the reforms suggested by Clean Energy Council.
Table 4: Reforms suggested by the Clean Energy Council for Australia [77]
ACTION
Level the playing field

REFORM
1. Energy market settlement regime should be reformed to provide a better market
signal for energy by adopting a five minute market settlement approach.
2. Frequency control regime should be reformed to allow fast acting ESS to help
with frequency control and system security.
3. Options to address electricity market rules that prevents investment in network
services and concentrates on wires and poles should be reviewed by The Australian
Energy Market Commission (AEMC).

4. Better data should be published on impending network constraints by distribution
businesses that can be fixed by ESS investments. The AEMC and Australian Energy
Regulator (AER) should consider changing the annual planning reports by
distribution systems to a geographic information system driven portal for better data
and market access.
5. Optimal increment pricing’ which allows gradual increments of investment while
reducing administrative burden on distribution businesses should be encouraged by
the AEMC by lowering the regulatory investment test for distribution (RIT-D) test
from the current $5million threshold.
Behind the meter storage
regulatory barriers should
be removed

6. The addition of a battery to an existing solar PV system should be made easier to
achieve by distribution businesses by clearly stating the technical difference
between the two and pointing out the impact they have on the grid.

Recognise and reward the
value of storage behind
the meter

7. The value of ESS should be appreciated by supporting benefit reflective feed in
tariffs by territory and state governments.
8. Premium feed in tariffs customers should be allowed to trade the value of the
tariff for a subsidy on a battery.
9. Demand charges should be updated on the Australian Energy Regulator (AER)
online comparison tool and transition to demand based tariff should be supported.

Consumer Protection and
Standards should be
established

10. Safety regulators of state governments should make sure that installation of
battery storage should be carried out by professionals accredited by Clean Energy
Council Scheme.
11. An Australian Standard for lithium ion batteries product safety should be
created. Until then international product standard for battery safety such as IEC
62619:2017 should be considered by regulators.
12. Tender conditions should be specified for behind the meter battery storage
systems that benefit from rebates from the government. The conditions should
specify either compliance with standards like the Solar retailer code of conduct or
the use of retailers that are signatories to the Solar retailer code of conduct.
13. The government should work out a way to recycle, reuse or dispose of batteries
when they are no longer functional.
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Impact of Energy Storage System Policy
ESS policies are the reason storage technologies are developing and being utilised at a very high rate. Storage
technologies are now moving in parallel with renewable energy technology in terms of development as they support
each other. ESS is a bridge in the process of achieving clean and sustainable energy from renewable power generating
systems and providing ancillary services for power systems. The variable nature of renewable energy technology such
as wind and solar PV make it unreliable and does not produce constant and stable power output. The integration with

ESS mitigates that problem by storing the energy and providing it when needed. ESS is also used in power sector for
grid stability.
ESS through increasing the utilisation of installed resources and supporting greater penetration rates of lower cost
carbon resources can reduce the power generation costs [78]. ESS can serve as backup for residential houses and
business in areas with unstable power supply or during unplanned outages. Depending on the capacity of the ESS, it
can provide power for a couple of hours to a few days. This will prevent unnecessary expenditure that might be
incurred from damages of goods and services that need electricity power. It also saves money that would have been
used for providing alternative power through other sources like diesel generator during the outage. ESS through
energy arbitrage can bring down operational costs in the grid. Cost of grid maintenance from spinning reserve services
and frequency regulation is brought down tremendously by ESS [79]. Consumers of electricity can reduce their utility
bill by storing energy during off peak periods when it is cheap and using it during peak periods when it is expensive
[80].
From 2013-2018, there has been a steady increase in the installation of ESS worldwide. There was a drop in 2019
mainly due to slow progress and uncertainty in establishing regulations and rules for its use and deployment. Behind
the meter installations were consistent in growth while grid scale storage dropped by 20% [81].
Figure 5 presents the annual growth of ESS worldwide from 2013-2019
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Figure 5: Annual growth of ESS worldwide from 2013-2019 [81]

Most of the jurisdictions that have adopted ESS policies have the common goal of going green in the long run.
Due to depleting fossil fuels, they are seeking for an alternative energy sources that is cleaner and equally as effective.
Existing grid infrastructure and electricity demand profiles influence the environmental impacts [82]. ESS policy
supports the transition toward a low-carbon economy (decarbonisation) by helping to integrate higher levels of
variable renewable resources, by allowing for a more resilient, reliable, and flexible electricity grid and promoting
greater production of energy where it is consumed [78].
ESS policy supports integration of diverse renewable energy resources into the grid and independently for private
use. It offers a new carbon free source of operational flexibility, that improves the utilization of generation assets [83].

The International Energy Agency (IEA) estimates that in the first quarter of 2020, 30% of the global electricity supply
was provided by renewable energy [84].
ESS policy has made a positive impact on transport storage by providing alternatives to fossil fuels such as
battery, super-capacitor and fuel cells. ESS policy has supported the RD&D of transport storage and can be attributed
to the rampant development of EV sector. With supportive policies, battery powered vehicles will be competing with
conventional combustion powered vehicles in terms of cost, durability and reliability [85].
It can be summarised that the major impacts of ESS policies are as follows: i) ESS helps save operational costs
for the grid and consumers, ii) reduce negative environmental impacts, iii) act as support for renewable energy sources,
iv) improve resilience and reliability of the grid, and v) promote transport storage [80]. All of these are achieved by
the policies eliminating barriers, providing a fair chance for ESS, encouraging RD&D and providing incentives for
ESS. Figure 5 shows the impacts of ESS.
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Figure 6: Impact of ESS Policy
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Barriers and Opportunities for Emerging Economies
Climate change mitigation and energy efficiency are some of the main reasons considered for ESS policy by
countries that have adopted them. Emerging economies need these policies for the same reasons, but also as a way to
increase the power generation capacity and create opportunities in the energy sector [86]. Identifying and removing
barriers will unleash the opportunities of ESS policy for emerging economies. Some of the barriers commonly
observed in emerging economies are classified into financial, institutional and technological barriers [87]. Figure 6
presents the barriers of ESS policy in emerging economies.
The cost of ESS will strongly determine the success or failure of ESS policy in emerging economies. The major
role of the government is to create policy that will give private industry players a conducive atmosphere to thrive and
develop ESS technology. Most of the governments of countries that have adopted ESS policy only invest in RD&D
projects and are not directly involved in the running of the business or sector, but merely manage it with policies and
encourage it with RD&D support. Emerging economies have the opportunity to invest heavily in the renewable energy
and ESS industry. Companies can be set up to feed local demand, making solar panels, wind turbines and various
forms of ESS. This will create employment and technical knowledge of the sector. It will also bring down the cost of
ESS due to local production.
Key challenges for the adoption of ESS that need to be addressed are [88]
•

Market and Regulatory guidelines: rules that are distorting the market and chasing away investment have to be
removed or redefined. ESS provides different services for different players and often leads to uncertainty as to
the applicable regulations for a given project.

•
•
•

Cost Effectiveness: 30%-40% of the total system cost is the actual ESS technology while the rest is for
engineering, auxiliary technologies, integration and other services. Expenses especially on other costs apart
from the actual ESS technology must be reduced.
Safety and Performance perception: Performance of ESS within a larger network has to gain the confidence of
grid operators. The acceptance can be facilitated by modelling and simulation tools.
Cooperation from multiple stakeholders: Different stakeholders ranging from facility and technology owners,
investors, electric utilities, insurers and project developers have different views and concerns. Reaching an
understanding between the stakeholders is a major challenge.

ESS policy has a lot of opportunities that can be gained from it. These opportunities are grid stability,
environmental protection, renewable energy integration and EV market development. The opportunities are presented
in the next 4 paragraphs.
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Figure 7: Barriers of ESS policy in emerging economies [87]

5.1

Grid Stability

Unstable power supply is a common phenomenon in emerging economies. It is either the generation is lower than
the demand or the power is unstable due to bad maintenance and aged equipment. ESS like battery, flywheel and
super-capacitor can be used in grid stability and as temporary emergency power in designated areas in case of a power
outage [89]. Battery storage can be used for frequency regulation, which will reduce blackouts and operational cost
tremendously. System stability will also be achieved. In South Africa, the national utility company, Eskom is
developing its battery storage capacity for grid stability. The Central African Republic and Gambia are also

considering battery storage for grid stability [90]. ESS policies will create an avenue for the use of ESS in the grid for
power stability in emerging economies.

5.2

Environmental Protection

The most important reason for adopting ESS policy is the environment. This can be looked at from many angles
such as, i) reducing greenhouse carbon emissions to meet global targets, ii) installing ESS as emergency back up to
areas that are prone to natural disasters such as earthquakes, tsunami, hurricanes and iii) Protection of natural
ecosystems from the disruptive creation of power plants and dams. Whatever the case, environmental protection can
be achieved with good ESS policy. Storage systems reduce wastage of electricity by storing excess energy to be used
at a later time when needed. They also serve as alternatives that can be used in micro grids as part of a power generating
system instead of construction of new power plants.

5.3

Renewable Energy Integration

Renewable energy power generating sources have seen a rapid influx in the markets of emerging economies and
developed countries especially due to the rapid drop in global price and increased competition in the sector. The most
common renewable energy technology is wind turbine followed by solar PV [91]. These can be connected to the grid
or used privately as a power source. The only downfall of these technologies is they are intermittent and take up a lot
of space. Battery storage integrated with renewable energy sources makes a perfect and balanced system [92].
Majority of emerging economies are located in regions with abundant sunshine and wind, which makes them perfect
candidates for the renewable energy and battery storage systems.
Creating ESS policy that will support renewable energy integration and behind or in front of the meter battery
storage will be a bonus for such countries as they will be reducing the carbon emissions. It will also save a lot of
money for connecting and maintenance of isolated areas to the grid. These areas can be made off grid with their own
independent power system.

5.4

Electric Vehicle

The EV market in emerging economies will be promoted with the right ESS policy. Renewable energy power
sources can charge EV directly or indirectly by storing the charge in a battery to be used for charging the EV when
required. EV development in emerging economies is slow mainly because of lack of facilities and cost. This can be
cushioned by the governments providing soft loans and incentives [93]. Bulk of the global emissions of greenhouse
gases are from the transport sector with the US, China and India contributing nearly 50% of it [94]. EVs have less
emissions than conventional vehicles and could be the perfect remedy for carbon emissions reduction [95].
Countries that have a localized car production industry have an advantage when it comes to EV adoption and
manufacturing as they can acquire the technology and start local production. With local production and RD&D comes
reduced cost and knowledge in the field [9]. China has done very well in the EV sector as it is currently the largest
manufacturer of EV, India is slowly catching up and even has a target of 100% e-mobility by 2030 [94].
Figure 7 illustrates some of the opportunities of ESS policy in emerging economies.

Opportunities

Grid Stability

Environment
Protection

Renewable
Energy
Integration

Electric
Vehicle

Figure 8: Opportunities for emerging economies [87]
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Discussion on Way Forward
Countries willing to adopt ESS policy must first of all identify the benefits attached to it, they must identify the
added value it will bring and they must also carry out a financial analysis on how much it will cost the country to
implement the policy. Pilot studies should be carried out to explore the viability of the policy. Area of implementation
of intended policies must be identified. They must explore potential challenges that might come up and prepare for
them. They must also be ready to provide financial support for RD&D. They must promote and encourage ESS
education and technology, so that the technical know-how is known by local engineers and scientist both in the
industry and government.
The purpose of the policies is to adjust barriers in order to promote and develop ESS and to carry out RD&D
projects. This is done by providing incentives, soft loans and in some cases, subsidy for ESS installation by the
government and industry players. ESS policies become important when some countries start thinking of alternatives
to reduce the dependency on fossil fuels and its negative side effects for power generation. High cost of ESS is the
most significant barrier to its deployment. In certain situations, ESS maybe the preferred economic alternative as
several recent deployments indicate that capital costs are decreasing. Other barriers may still limit further deployment.
These barriers can be broken down into technology barriers, cross-cutting barriers, developer business model barriers,
economic barriers and regulatory barriers [7]. One of the major pushers of ESS policies is the rapid penetration of
renewable energy power generation, which is intermittent in nature and needs the support of ESS to provide ancillary
services and store energy for use at a later stage.
ESS policies are predominantly made by countries with developed economies. These countries have the expertise
and take advantage of the resources they have by investing heavily in ESS sector and renewable energy sources. The
economy of a country plays a major role in the adoption of ESS. It is not cheap and having a good economy means
having extra money to invest on every aspect of ESS. Rapid development of RE technology in these countries gives
them an edge. ESS friendly policies pave the way for the growth of the technology and application of ESS in different
sectors. Another reason for these jurisdictions progress in ESS adoption is that majority of the populace are educated
about ESS and know the values attached to it. They welcome it as a solution to many problems like greenhouse gas
emissions, backup power and saving costs on electricity bill.

International Energy Agency (IEA) estimates that in 2020, emerging economies will need to double their effort
to meet rising electricity power demand. Power generation has to be improved significantly and a large chunk of the
generation should preferably be from renewable energy sources [96]. Electricity supply in most emerging economies
is still low and needs urgent attention especially with the growing population. Rural areas that do not have access to
electricity are many in number and centralised grids are not ideal for such areas as it will be expensive to transmit
power there and to maintain it. The solution is off grid or semi off grid systems. These systems can have battery
storage integrated with renewable energy power sources. The price of solar PV, wind turbines and batteries have
significantly dropped over the last couple of years. This has made it easier to procure and install them [97].
Emerging concerns around end of life management of advanced batteries and concerns over the impact of
upstream lithium extraction are a major topic of discussion. This can be seen as another challenge that needs urgent
attention. Possible solution to this problem will be to reuse and recycle the battery. The battery from the onset and
initial design can be made in a way that is friendly for reusing and recycling so that the cost associated with
refurbishing it will be drastically reduced. The lifetime of li-ion battery can be extended by operating it under strict
safety guidelines and standards. They can also be reused in other applications other than the one that they were initially
intended for. For example, batteries integrated with renewables for irrigation systems or backup power systems may
not need the same performance characteristics as commercial grid systems [98]. Second life use of batteries can reduce
the demand for new batteries, saving on cost and reducing pollution from lithium extraction.
Recycling of aged batteries reduces solid waste streams and allows for the recovery of useful materials such as
cobalt, graphite and nickel. This will have a positive impact on the mining of the raw material as it will bring the
demand down and energy and environmental burdens will be drastically reduced [99].
ESS policies discussed in the previous sections for different countries could be studied and tuned to be applicable
in emerging economies. This should be done to harness the development of the ESS market and encourage the use of
renewable energy sources. ESS policies will provide a conducive atmosphere for storage to prosper in emerging
economies. They will bring with them the added advantage of saving money on electrical installation in the long run
and lowering the carbon emissions. Incentives are always a good idea to promote ESS. These could be tax waivers,
free rent for ESS facilities or land and so on. Subsidy on ESS in the long run might not be a good idea as it will cost
the government a lot of money.
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Conclusion
A comprehensive review of existing ESS policy worldwide is presented and samples from different countries are
discussed. ESS policies are rather new in most countries The need to reduce greenhouse gas emissions and the influx
of renewable energy systems and technology has boosted the use of ESS. Battery storage is the most common and
fastest growing ESS in the world at the moment. Most of the ESS policies revolve around battery storage as they can
easily be integrated into the grid, renewable energy, used in electric vehicles and used as backup power. Most of the
policies are centred around encouraging the use of ESS by providing incentives, soft loans to the public and businesses
and creating a level playing field for ESS to compete with other energy systems. RD&D projects are also being carried
out. ESS policies are predominantly present in developed economies as they have the expertise and resources for ESS.
Growing renewable energy market in emerging economies and greater awareness of global warming makes ESS
attractive. ESS policy will make positive impact and open a lot of opportunities for emerging economies. Some of the
benefits that were identified to be gained from ESS policies are grid stability, renewable energy integration and
environmental protection. It is hoped that countries without ESS policy especially in the emerging economies will
learn from countries that have adopted them, to assist entities that want to drive change in their community.
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