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Dear Readers 

The China Energy Storage Alliance (CNESA) research department began systemically researching 

the energy storage industry in 2010. In the seven years hence, not only have we published our 

annual Energy Storage Industry White Paper, we have provided professional information, 

consulting services, and deep-dive reports to meet the specific needs of government bureaus, 

research organizations, energy storage businesses, electricity consumers, and financial 

institutions. Thanks to long-standing relationships with these groups, we have developed 

information-collection and communication channels to build our “Global Energy Storage Project 

Database,” “Global Energy Storage Policy Database,” and “Global Energy Storage Manufacturer 

Database,” in order to establish a strong foundation for our energy storage research. 

Meanwhile, we have amassed the industry’s most influential companies to build an “Energy 

Storage Industry Data-Sharing and Publishing Platform,” where we publish our quarterly “Global 

Energy Storage Market Tracking Report.” 

The “Energy Storage Industry White Paper” is the flagship product of the CNESA research 

department. Now in its sixth year, it has received wide attention and praise from industry 

insiders and newcomers alike.  The 2017 edition examines and updates last year’s Chinese and 

international energy storage projects, markets, manufacturers, technologies and policies. It also 

lays out our predictions and forecasts for energy storage markets around the world. To help our 

energy storage colleagues better understand the market and push forward the development of 

the industry, we have summarized each chapter of the 2017 White Paper and condensed them 

into a free summary version here.  

To help reveal the value of various energy storage applications and uncover hidden markets, in 

2016, we conducted research on the implications for energy storage in power sector reform; 

vehicle-to-grid developments; international markets, policies, and power market environments; 

and energy storage costs and economics. This research culminated in four special reports: 

“Power Sector Market Reforms and their Impact on the Energy Storage Industry,” “Applications 

for Vehicle-to-Grid in Demand Response in Beijing,” “Global Energy Storage Policies and Power 

Market Environments,” and “Energy Storage Costs and Economics.” We welcome readers who 

want to better understand these issues to contact us to purchase a copy of the full 2017 Energy 

Storage Industry White Paper or any of the four special reports. 

 

You can contact the CNESA research department via 

Email: esresearch@cnesa.org  

Telephone: +86 10 6566-7068 

  

mailto:esresearch@cnesa.org
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Foreword 

波澜不惊 春和景明  

“The waves run stil l, and Spring’s warmth arrives”  

-Fan Zhongyan, Song dynasty poet  

 

In 2016, development in the global energy storage industry sped up, reaching an annual 

compound growth rate of over 86%. This suggests that the energy storage industry has truly 

begun entering the commercial stage. In comparison with the multifaceted complexities of 

energy markets, the commercialization of energy storage has been smooth and bright. Energy 

storage has risen from obscurity to garner unanimous support. We foresee that the 

commercialization of energy storage will not only stir up the stagnanted power sector reforms, 

but also energy sectors like the oil and gas industries. It will not only change the shape of the 

existing market, but also break ground for new markets with the capacity for nearly unlimited 

growth. It will not only make an energy revolution a real possibility, it will deeply transform 

humanity’s production methods and lifestyles. 

In 2016, we saw new energy storage policies and projects in countries including the United 

States, Japan, Germany, Australia, and Korea. Each country is using energy storage technologies 

to address real-world problems, while also striving to achieve dominance in the energy storage 

industry. A growing number of market operators are beginning to recognize the commercial 

value of energy storage, and a growing number of energy storage technologies are finding 

applications in traditional and new energy power plants. 

In 2016, China embarked on the 13th Five-Year Plan. In the context of a sustained economic 

downturn, China has struggled to move forward with power sector reforms. Although the 

contest between wind, solar, hydro and thermal power remains fierce, it is increasingly clear 

that renewable energy will gradually replace fossil fuels to become the heart of China’s energy 

market. Energy storage technologies have gained attention and approval as the key to balancing 

traditional power generators, enabling grid integration of renewables, and supporting 

distributed energy resources, electric vehicles and the development of the energy internet.  

In 2016, energy storage technologies made achievements in exploring applications in user-side 

peak pricing arbitrage, grid-side capacity pricing trials, local microgrids, and generation-side 

flexibility resource subsidy mechanisms. This has been particularly true as innovative models 

have come to the fore, traditional microgrids have begun filling power supply gaps, and peak 

and frequency regulation projects have scaled up.  

In 2016, rapid developments in electric vehicles have arisen due to accelerated growth among 

mainstream lithium-ion battery manufacturers. The industry has become increasingly rational 

and differentiated. Following the blossoming of a wide variety of energy storage technologies in 

2016, lithium-ion and lead-carbon batteries have the potential to become the backbone of the 
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energy storage industry in 2017. Meanwhile, flow batteries, compressed-air energy storage 

(CAES), and hydrogen storage are now beginning to expand in scale.  

Early movers are the first to know the trends. In 2016, a growing amount of capital was injected 

into the energy storage market, and EV battery manufacturing leaders garnered favor from 

capital markets. Primary market players like CATL (valued at 80 billion yuan) and Zhuhai Yinlong 

(12 billion yuan) are just representatives of this industry. Secondary market energy storage 

companies experienced numerous mergers and acquisitions, signaling a period of consolidation 

in the EV battery industry. Multiple solar companies and energy funds have begun expressing 

their interest in energy storage. 

In 2016, opportunities for growth in the energy storage sector continued to grow, yet serious 

challenges remain. Although government guidance policies such as the 13th Five-Year Plan 

repeatedly emphasized the importance of the energy storage industry, there remains a lack of 

specific policies and compensation mechanisms. Consumers are comfortable with stable and 

cheap power from the grid, leading them to ignore meager benefits from clean energy and 

energy storage systems. Strong price signals are still absent. As an emerging industry, the 

foundations for energy storage are too weak. Further strengthening is needed in consumer 

demand, human resources, standardization systems, design and planning, project construction, 

division of labor, and third-party services. In 2016, most energy storage companies took on 

further burdens in terms of capital, risk, and responsibilities in order to move forward. 

2017 is a year of hope. Energy storage, an industry full of expectations, will have access to 

greater resources, develop new technologies, find new business models, create new commercial 

value, and transform the power, transportation, and construction sectors.  

CNESA’s “Energy Storage Industry White Paper 2017” reviews developments in the energy 

storage industry in China and abroad over the past year, and provides deep analysis into energy 

storage economic models, international policies and power markets, electric vehicle grid 

integration, Chinese power market reforms, and other key topics. In the spirit of the Internet 

and on the basis of the principles of “openness, equality, cooperation, and sharing,” CNESA 

regularly discusses and shares practical experience and research relating to energy storage. We 

welcome comments and critiques from our industry colleagues and experts on our views and 

data. We hope to bring our modest talents to bear alongside our colleagues to encourage one 

another and tackle our shared challenges.  

 

Johnson Yu 

Chairman, China Energy Storage Alliance  
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Energy Storage Industry White Paper 2017 
(English Summary) 

 

Chapter 1: Developments in China’s Energy Storage 

Market in 2016  

I. China’s Energy Storage Market - 2016 

1) State of China’s Energy Storage Market 

As of the end of 2016, China had 24.3 gigawatts of operational energy storage capacity, an 

increase of 4.7% from the previous year. Figure 1 shows that, similarly to the global market, 

pumped hydro accounts for the majority of storage capacity in China, yet the annual growth rate 

for pumped hydro have slowed, only increasing 4.3% compared to last year. Electrochemical 

storage comes in second, with a total capacity of 243 megawatts, up 72% from last year. 

Lithium-ion leads in this category in terms of scale, accounting for 59% of capacity and an 

increase of 78% compared to 2015. Deployments of molten salt storage remain small in China. 

As of the end of 2016, China had only one molten salt storage project: a 10-megawatt 

installation operating in Qinghai. This project is the world’s third commercialized CSP molten salt 

project. 

 

Figure 1: Distribution of energy storage installations in China by technology (2000-2016) 
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Figure 2: Scale and growth rate of electrochemical storage capacity in China (2000-2016) 

Beginning in 2012, installations of electrochemical energy storage projects entered a stage of 

steady growth, with a compound annual growth rate of 54% between 2012 and 2016. In 2016, 

China added 101.4 megawatts of new operating electrochemical energy storage projects: an 

annual growth rate of 299%. In 2016, companies announced an additional 845.6 megawatts of 

projects either in planning or under construction. In the short term, we expect sustained high 

growth rates for electrochemical energy storage installations in China. 

2) China’s Energy Storage Market by Application 

From looking at newly operational electrochemical energy storage projects in 2016, we found 

that applications in renewable energy grid integration accounted for the largest capacity growth 

(56.1 megawatts, 55% of total).  

The category of distributed energy and grid integration experienced the fastest annual growth in 

2016, reaching 727%. Renewable energy grid integration came in second at 523%.  

In terms of technologies used in new installations across different applications, lithium-ion 

batteries were used in the majority of new capacity for renewable energy grid integration, 

ancillary services, and transmission/distribution applications, accounting for 79%, 100% and 91% 

respectively. Lead-acid batteries were used most in distributed generation and microgrids, 

accounting for 61%.  

3) China’s Energy Storage Market by Technology 

In 2016, the majority of newly operating electrochemical energy storage projects in China used 

lithium-ion or lead-acid batteries, accounting for 62% and 37% of newly operating capacity, 

respectively.  

Among all energy storage technologies in use across China, lithium-ion batteries experienced 

the fastest growth rate in terms of newly installed capacity, growing 256% from the previous 
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year. In terms of applications, lithium-ion batteries accounted for 70% of newly installed 

capacity in renewable energy grid integration, while lead-acid accounted for 69% of newly 

installed capacity in distributed generation and microgrids.  

4) China’s Energy Storage Market by Region 

In 2016, newly operating electrochemical energy storage projects were mainly sited in the 

northwest and east-central (huadong) regions, accounting for 55% and 25% respectively.  

In terms of technologies, lithium-ion batteries were used nationwide, with the largest 

deployments in the northeast, central, south-central (huanan), northwest, and southwest 

regions. Lead-acid batteries were mainly deployed in the north-central (huabei) and east-central 

regions. Flow batteries were mainly deployed in the northeast.  

In terms of applications, the northwest mainly installed renewable grid integration projects, 

which accounted for 99% of the newly-installed capacity in that region. Projects in other regions 

mainly centered around distributed generation and microgrids, particularly in the east-central 

region, which was the Chinese region with the largest relative percentage of capacity devoted to 

distributed generation and microgrids, constituting 24.2 megawatts or 19% of newly-operating 

capacity.   

5) Top Ten Manufacturers in China’s Energy Storage Market 

Using our “Global Energy Storage Database,” our research department ranked the top energy 

storage system manufacturers based on installations of energy storage projects in China in 2016. 

This ranking is based on the cumulative power (kW) capacity of operating energy storage 

projects delivered to consumers. 

The top-ten manufacturers were: Sungrow-Samsung, Sacred Sun Power Co. (圣阳电源), 

Shenzhen Clou Electronics Co. (科陆电子), CATL (宁德时代), Sunwoda Electric Co.(欣旺达), 

Narada Power Source Co.(南都电源), ZTT (中天储能), China Aviation Lithium Battery Co. (中航

锂电), Guoxuan High-Tech Power Energy Co. (国轩高科) and Shuangdeng Group (双登). These 

ten companies accounted for 98% of the total new capacity in China in 2016. 
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Figure 3: Top ten providers of energy storage systems in China, 2016 

These rankings show that the most active companies in the Chinese energy storage market in 

2016 were lithium-ion/lead-acid battery manufacturers or system integrators. Sungrow-

Samsung, Shenzhen Clou, CATL, Sunwoda, ZTT, China Aviation, and Guoxuan High-Tech primarily 

used lithium-ion batteries in their new installations. Sacred Sun, Narada, and Shuangdeng 

mainly used lead-acid batteries. 

 

II. China’s Energy Storage Policies and Power Market Rules - 2016 

2016, the first year of China’s 13th Five-Year Plan, was a significant year in implementing power 

sector reforms. The country comprehensively and systematically laid out policies directing 

energy development. As the scale of energy storage deployments has grown worldwide, the 

technical characteristics and value of energy storage are being recognized. China’s government 

has begun to realize the importance of energy storage technologies in the future of the 

country’s energy development. 

1) Policy Support for China’s Energy Storage Sector - 2016 

In 2016, as new energy policies in China were released, energy storage was frequently 

mentioned in policies relating to national energy development strategy, energy technology 

innovation, renewable energy development, power development planning, and the “Internet+” 

smart energy initiatives. Developing the energy storage industry and promoting applications for 

energy storage technologies are all components of China’s overall energy plan. We expect policy 

support from national and local governments to continue to grow in 2017. 
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(i) Policies Directly Supporting the Energy Storage Industry 

(a) Clarifying the Role of Energy Storage 

In the “Outline of the Economic and Social Development Thirteenth Five-Year Plan of the 

People’s Republic of China,”1 energy storage is listed among the top 100 most important 

national strategic projects. This also marks the first time that energy storage has been listed in a 

national development plan. Energy storage has been granted status among the top 100 projects 

for implementation over the next five years. The “Energy Development 13th Five-Year Plan”2 was 

released at the end of 2016. It put forward policy guidance to actively develop energy storage, 

and mentioned the supporting role energy storage should play in four key initiatives: 

strengthening the peaking capacity of the power grid, implementing projects to improve 

demand response capacity, implementing electrification replacement projects, and 

implementing technology innovation demonstration projects. It emphasized the importance of 

high-capacity, high-efficiency, and integrated systems. The plan not only underlined the role of 

electrical energy storage, but also laid out plans to combine thermal storage and hydrogen 

storage and to consume the energy at the site of storage. Energy storage technologies are 

becoming fully integrated into overall national planning. 

The “Energy Technology Revolution Innovation Action Plan (2016-2030)”3 analyzed the state of 

energy storage development and applications in China and abroad, included advanced energy 

storage technologies among 15 key initiatives in the innovation action plan, and laid out an 

innovation action roadmap for energy storage technologies. The “Made in China 2025 – Energy 

Equipment Implementation Plan”4 included energy storage as one of its 15 categories of energy 

equipment and highlighted the need for continued development in pumped hydro storage, 

compressed-air energy storage, flywheels, superconducting energy storage, supercapacitors, 

flow batteries, sodium-sulfur batteries, and lithium-ion batteries. These series of national energy 

technology policies have laid out plans for the development, manufacturing, and demonstration 

of energy storage technologies, improving the economic viability of these technologies and 

laying the foundation for their widespread commercial deployment in the power system.   

(b) Support for Energy Storage Demonstration Projects 

The “National Demonstration Power Project Management Measures”5 for the first time included 

energy storage in demonstration power project management. This suggests that energy storage 

projects will be promoted, become a priority in relevant national energy industry planning, and 

enjoy policy-driven financial support. This affirmation of status also lays the foundation for 

future national policy support and programs directed at energy storage project construction. In 

April 2016, the “Reply on Approving the Construction of the Dalian Flow Battery Energy Storage 

Peak-Shifting Power Station National Demonstration Project”6 was published, marking the first 

time that China approved the construction of a large-scale electrochemical storage project. It 

                                                           
1 《中华人民共和国国民经济和社会发展第十三个五年规划纲要》 
2 《能源发展“十三五”规划》 
3 《能源技术革命创新行动计划（2016-2030 年）》 
4 《中国制造 2025——能源装备实施方案》 
5 《国家电力示范项目管理办法》 
6 《关于同意大连液流电池储能调峰电站国家示范项目建设的复函》 
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has had an important effect on promoting large-scale energy storage demonstration projects in 

China.  

(c) Confirming the Value of Energy Storage in Practice 

Soon afterwards, in mid-2016, the National Energy Administration (NEA) published the 

“Announcement on Promoting Subsidy (Market) Mechanism Pilot Work for Electrical Energy 

Storage Participation in Ancillary Services in the “Three North” Regions.”7 This clarified the role 

of electrical energy storage in providing peak-shifting and frequency regulation services in the 

power grid. The Northeast Bureau of the NEA, at the end of the year, went on to publish the 

“Northeast Power Ancillary Services Market Special Reform Pilot Plan”8 and the “Northeast 

Power Ancillary Services Market Operation Guidelines (Trial),”9 which clearly laid out values that 

energy storage can bring by providing peak-shifting in the ancillary service markets. The 

document also permits storage installations on both supply side and load side to provide peak-

shifting services. The establishment of an ancillary services market and tradable products in the 

Northeast electric grid provides a new value stream for energy storage projects, other than 

employing price arbitrage making use of time-of-use rates. This is an important first step in 

China’s power sector reforms and in supporting the application of energy storage systems. 

Additionally, the “Renewable Energy Development 13th Five-Year Plan”10 identifies energy 

storage demonstration projects as an important step in promoting the development of 

renewable energy. It states that energy storage is becoming recognized for its value in the 

Chinese renewable energy sector and it calls for breakthroughs in terms of market deployment, 

applications, and core technologies.  

(ii) Policies Indirectly Supporting the Energy Storage Industry 

(a) Energy Storage Development Planning Policies 

In the first year of the 13th Five-Year Planning Period, China began by laying out an overall plan 

for the energy and power sectors, releasing the “Power Development 13th Five-Year Plan”, the 

“Hydropower Development 13th Five-Year Plan,” the “Wind Power Development 13th Five-Year 

Plan,” and the “Solar Power Development 13th Five-Year Plan.” The Five-Year Plans are guiding 

documents that set the course for energy development over a five-year period, giving structure 

to the country’s commitment to achieving structural adjustment in the energy sector. Between 

2016 and 2020, China will actively promote the energy revolution and establish energy market 

systems, which will create platforms and opportunities for the development of the energy 

storage industry. Additionally, these development plans call for the construction and use of 

renewable energy systems. Energy storage will play a key role in addressing power quality and 

consumption issues as clean energy grows in scale.   

In addition to planning the development of centralized renewable energy and addressing 

curtailment and peak shifting issues, China’s national energy policies have put greater force 

behind the push for distributed energy development and use. The “Guiding Opinions on 

                                                           
7 《关于促进电储能参与“三北”地区电力辅助服务补偿（市场）机制试点工作的通知》 
8 《东北电力辅助服务市场专项改革试点方案》 
9 《东北电力辅助服务市场运营规则（试行）》 
10 《可再生能源发展“十三五”规划》 
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Promoting “Internet+ Smart Energy Development,”11 published in 2016, call for developing new 

models and practices such as distributed generation, energy storage and electric vehicles, 

behind-the-meter smart conservation and value-added services, flexible green energy trading, 

and big data energy services. It also calls for strengthening adaptability and flexibility to enable 

behind-the-meter participation in power supply and balancing. 

Additionally, following the establishment of demand-side management pilots in cities around 

China, demand-side management is becoming an important potential field in which energy 

storage technologies can demonstrate value.  Establishing enduring mechanisms – particularly 

funding mechanisms with the active support of grid operators – and making improvements to 

measuring baselines for demand response are critical to helping energy storage achieve the dual 

value streams of time-of-use rates and demand response.  

(b) Power Sector Reforms  

2016 was an important year for power sector reforms. Under the guidance of “Document #9”12 

and its associated policies, national and local governments released power sector reform 

implementation documents detailing transmission and distribution network tariff reforms, 

power distribution and retail liberalization, and renewable energy generation goals. The power 

system market-based reforms of are creating new opportunities for energy storage applications 

in the power markets—particularly in the establishment of an ancillary services market, which 

can serve as a platform for energy storage technologies to realize their value.  

• Promoting Transmission and Distribution Tariff Reform  

To achieve nationwide transmission and distribution (T&D) tariff reforms, the government 

approved T&D tariff reforms in several provincial-level grids in 2016. Passing the “Provincial Grid 

Transmission and Distribution Tariff-Setting Measures (Trial)”13 again put forward the notion of 

tariff-setting based on “approved costs plus reasonable profit.” It established T&D tariff-setting 

mechanisms at the provincial level, required strengthened constraints and incentives on grid 

companies, and set tariff reform as the entry point for deeper implementation of power sector 

reforms.  

• Improving Fixed Tariff Implementation 

Policies make clear that consumers are free to choose the implementation method for their 

fixed power tariff, and that they are free to adjust their assessment method and greatest 

demand value within a specified period of time. Relevant companies may not, for any reason, 

obstruct consumers from choosing a reasonable payment scheme. While reducing the period of 

time that consumers have to make adjustments, the policies also give consumers space to 

manage their risk. However, the policies also establish binding checks on consumers. This sets 

higher standards for energy storage to develop accurate and optimized management, as well as 

more granular management of power services. This creates important opportunities for energy 

                                                           
11 《关于推进“互联网+”智慧能源发展的指导意见 
12 《中共中央国务院关于进一步深化电力体制改革的若干意见》（中发[2015]9 号） 
13 《省级电网输配电价定价办法（试行）》 
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storage technologies, particularly as the two-part “fixed tariff + energy tariff” system is 

implemented nationwide.  

• Supporting Power Distribution and Retail Liberalization 

Following the release of the Document #9 supporting documents in 2015, the traditional energy 

companies in the power markets expressed strong interest in becoming involved in power 

distribution and retail, and as such these became the hottest area of reform. In 2016, the 

government released two important documents detailing the methods and requirements 

governing power distribution and retail approval: “Power Retail Company Approval and 

Withdrawal Management Measures,”14 and the “Measures on the Orderly Opening-up of 

Distribution Network Services.”15  Each local power trading body also released power retail 

approval standards. Meanwhile, the country arranged and announced 105 power distribution 

reform pilot projects. This approach was meant to remove obstructions and push forward power 

distribution reforms. In provinces like Guangdong, some companies have already begun 

participating in direct power trading in their role as power retailers, indicating that distribution 

and retail markets are very active.  

• Guaranteeing Renewable Energy Generation 

The “Renewable Energy Generation Full-Guarantee Procurement Management Measures”16 and 

the “Renewable Energy Peaking Unit Priority Generation Trial Measures”17 require that, through 

implementing a priority generation system, operators should do their utmost to make use of all 

planned renewable energy output. Additionally, annual generation planning should prioritize 

the use of renewable energy. These two documents take different approaches to establishing 

specific requirements addressing renewable energy supply and consumption, both ensuring the 

reasonable construction and high-efficiency operation of renewable energy, and guaranteeing 

that the share of renewable energy in the country’s power mix should grow significantly in the 

13th Five-Year Planning Period.  

In sum, power sector reforms have opened up a space for the energy storage industry to grow, 

and market-based reforms are an important guarantee for the development of energy storage 

technologies. Our analysis of China’s policy path to power sector reform suggests that the 

applications for energy storage will be most apparent in the ancillary services sector in the 

Northeast. As power distribution and retail entities progressively move toward earning profits 

based on margins in electricity sales and extend their scope to include improving power supply 

quality and providing value-added services, energy storage technologies will become absolutely 

necessary for power distribution and retail companies. In the future, following further 

marketization of the power sector and the formation of pricing mechanisms, the benefits of 

energy storage will become increasingly clear, as will the value of different applications.  

                                                           
14 《售电公司准入与退出管理办法》 
15 《有序放开配电网业务管理办法》 
16 《可再生能源发电全额保障性收购管理办法》 
17 《可再生能源调峰机组优先发电试行办法》 
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(iii) Renewable Energy Development Policies 

In 2016, while the government continued to support the construction and operation of 

renewable energy, supporting policies also called for reasonable and efficient development and 

integrated use. Related renewable energy funding policies have begun to scale down, although 

distributed generation and offshore wind remain well-supported as subsidy standards and 

benchmark prices have remained unadjusted.  

• Continuing to Support Renewable Energy Development 

In the 13th Five-Year Planning Period, the country will remain committed to supporting 

renewable energy development, encouraging localities to establish high renewable energy 

targets including establishing percentage targets for renewable energy as a proportion of total 

energy consumption and percentage indexes for non-hydro renewable energy as a proportion of 

total national consumption. Renewable energy development should pay attention to 

complimenting the traditional energy system and achieving coordinated development with 

multiple kinds of complimentary energy sources. 

• Promoting Renewable Energy Consumption 

In recent years, renewable energy development has rushed forward, unfortunately, also 

accompanied by an increase in curtailment rates. This is particularly true in the northeast, where 

energy oversupply has resulted in serious curtailment of wind and solar power. With the 

Northeast power grid facing serious problems in power consumption and peaking capacity, 

energy storage has an increasingly clear role to play in providing peaking services in the ancillary 

services market. As energy storage helps the grid accommodate clean energy and provide 

peaking power, it should be compensated fairly by the grid operators.  

• Supporting Solar Thermal Projects  

In 2016, the country approved a benchmark wholesale tariff for solar thermal generation and 

established 20 solar thermal demonstration projects. Projects on this list will receive national 

tariff subsidies. Solar thermal energy storage has received policy support. This takes place in the 

context of waning policy support for solar PV, and provides supplementary support for the 

integrated application of solar thermal energy storage. 

• Rationalizing Funding Support 

With support from government renewable energy policies, solar PV and wind have grown 

rapidly in China. However, this has created problems relating to utilization of renewable energy 

and the reasonable implementation of subsidies. Renewable energy may no longer rely on large 

subsidies from the government, and rather must move towards the market with appropriate 

funding support. Policies also encourage the self-consumption of distributed energy to ensure 

grid stability. In the future, support policies for renewable energy in China will scale down in 

order to ensure that funding is used in a rational manner, and that funding is available for other 

key areas. On one hand, the government has reduced the benchmark tariff for solar PV and 

onshore wind, but on the other, the government continues to provide support for distributed 

generation and offshore wind. Additionally, the government will encourage bidding and other 
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market processes to establish new energy wholesale tariffs. Energy storage technologies can 

play a key supporting role in power system operation, and they have been achieved recognition 

as part of the country’s energy development strategy. However, whether or not energy storage 

will receive funding support is a key question for industry observers this year.  

(iv) New Energy Vehicle Policies 

In 2016, China’s policy support for new energy vehicles tended towards caution. Subsidies were 

rolled back, while increased attention was paid to matters like the standardization of EV 

batteries and the safety of charging infrastructure. Driven by government policy, the new energy 

vehicle industry continued its rapid growth. Manufacturing and sales of electric vehicles reached 

new highs, totaling 28,119,000 and 28,028,000 respectively in 2016 (growth of 14.5% and 13.7% 

respectively from the previous year). This is the eighth straight year of China’s leadership in 

electric vehicle manufacturing and sales. 

Regarding electric vehicle batteries, in addition to putting forward standards for manufacturing, 

technical capabilities, products, quality and aftermarket service, the government has established 

standards for recycled EV battery testing and disassembly. Additionally, the “Interim 

Management Measures for New Energy Vehicle Battery Recycling”18 clarified the means and 

measures for recycling used EV batteries. Regarding charging infrastructure, a combined “solar + 

storage” charging model has garnered approval. Not only does this help achieve clean charging, 

it also ensures uninterruptible supply for charging services. In sum, new energy vehicles are an 

important application for energy storage. The future interactions between electric vehicles and 

the grid will be achieved through energy storage technologies, while the reuse and recycling of 

electric vehicle batteries is an important step to increasing efficiency.  

2) China’s Power Market Rules and the Energy Storage Environment in 2016 

In 2016, as a part of the overall rollout of power sector reform, structural adjustment in the 

power system began to take form. Transmission and distribution tariff reforms were 

implemented nationwide, with the aim to eventually achieve market-based power pricing 

mechanisms. Power distribution reforms also made the important step of moving beyond 

distribution reform pilot programs. The power retail market was highly active, with power 

market trading bodies and T&D participants taking shape. Direct power trading with large 

consumers was implemented nationwide and on-schedule. Direct trading and centralized 

competitive prices have created a new model in China’s power market. Ancillary services 

markets were established in the northeast, and multiple kinds of participants, including energy 

storage, achieved approval. We can see that as China’s power sector opens up, the value-

creating opportunities for energy storage technologies will continue to grow.  

(i) Transmission and Distribution Market: Reforms are Moving Forward Quickly, Creating 

Further Interest in Behind-the-Meter Energy Storage  

Retail-side reform is viewed as the most active area in this round of power sector reforms. It is 

also the area where the benefits of reform will be felt first. Retail reform allows for consumer 

choice and creates market opportunities for traditional power plants, energy service companies, 

                                                           
18 《新能源汽车动力蓄电池回收利用管理暂行办法》 
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electricity service companies, power technology manufacturers, and other private entities. It will 

fundamentally transform the business models for companies that rely on margins from 

electricity sales. Integrated energy management and other value-added services will be key 

mechanisms for establishing long-term cooperation between retail companies and users and for 

improving the overall benefits of energy services for consumers. Thousands of companies across 

the country have registered as electricity retailers. They are using experiences from power 

retailers abroad, and exploring models such as integration of distribution and retail services, 

generation-retail co-ops, and integrated energy services.  

The opening-up of power distribution signals that private capital will be open to invest in 

distribution network construction, and these assets will result in electricity sales to the end-user. 

This is a direct change in how grid companies invested in distribution networks in the past, and 

naturally it directly impacts how grid companies earn profits. But for companies that own and 

operate distribution network assets – particularly in industrial parks with distributed generation 

and microgrids – the opening-up of the distribution market is very important to the 

development of electricity services or even integrated energy management services.  

Distribution networks are the channels through which distribution and retail companies sell 

electricity. Energy storage will be a key element in improving the benefits and service quality of 

these assets. Distribution and retail value-added services, network upgrade deferral, and new 

models in the “Energy Internet” can all make use of the behind-the-meter side of the grid, 

including for commercial, industrial and residential users. Energy storage technologies are 

becoming important supporting components in these systems. Energy storage can help achieve 

peak-shifting, reduce customer electricity bills, and guarantee the stable and safe supply of 

power. Energy storage-based integrated energy services, including demand response, bill 

management, virtual power plants, ancillary services, smart controls, complementary energy 

use, distributed energy networks, and energy performance contracting are already merging 

consumers and producers, and driving the development of China’s behind-the-meter energy 

storage market. 

(ii) Ancillary Services Market: Reform Pilots Have Begun, and Energy Storage Participation in 

Frequency Regulation and Peak-Shifting is Creating Market Opportunities 

In the ancillary services sector, China has long been governed by the “Grid-Connected Power 

Plant Ancillary Services Management Interim Measures”19 along with the two regulatory 

documents “Generator Grid Connection Operation Management Regulations”20 and the “Grid-

Connected Generators Ancillary Services Management Regulations”21 tailored to each Chinese 

region. In actuality, however, only a few provinces and cities have launched pilot programs, 

preventing the actual formation of a complete ancillary services market.  

In the context of grid oversupply, the northeast power grid urgently needs to address issues 

relating to system peaking capacity and renewable energy integration. This reform pilot, using 

the existing peak-capacity market as a platform, opened the market to a wide variety of 

                                                           
19 《并网发电厂辅助服务管理暂行办法》 
20 《发电厂并网运行管理细则》 
21 《并网发电厂辅助服务管理细则》 
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participants and provided compensation for deep peaking, interruptible loads, electrical energy 

storage, thermal unit shutdown and reserves, thermal unit emergency start/stop, interprovincial 

peaking, black start, and pumped hydro excess capacity. The reform aims to establish peaking, 

frequency regulation, and voltage support services markets; improve peaking cost 

compensation and pricing mechanisms; and make the most of interruptible loads, energy 

storage projects, and other behind-the-meter resources in order to resolve the peaking issue, 

improve system stability, and solve the ever-worsening issue of renewable energy integration. 

The establishment of the northeast ancillary services market has broken new ground for the 

practical deployment of energy storage, and has a strong effect on promoting energy storage 

technologies in multiple applications. 

In the future, following the deepening of market-based power sector reforms, the northeast 

ancillary services market will test out the application of energy storage in providing peaking 

services and its compensation mechanisms. Additionally, other ancillary services such as 

frequency regulation will appear in power markets. For example, the “Shijingshan Thermal 

Power Plant Energy Storage Frequency Regulation Project” is a model example of a 

demonstration project demonstrated how energy storage systems could be paired with 

traditional thermal units to provide frequency regulation services. However, several obstacles 

still present challenges to the establishment of nationwide ancillary services; appropriate 

payment mechanisms like “payment based on results; payment from those who benefit,” have 

not been applied nationwide. Further policy support needs to be put in place before resources – 

either operating independently or paired with generation units – can compete in the frequency 

regulation market. In terms of peaking services, energy storage projects like the “Dalian Flow 

Battery Energy Storage Peaking Power National Demonstration Project” have led the way. 

However, because the rules governing energy storage participation and pricing mechanisms in 

peaking services are still unclear, energy storage has not yet actually provided peaking services, 

and its value remains uncertain. As such, energy storage manufacturers and integrators are 

waiting and watching for further developments. The commercialization of energy storage in 

peaking services will require further policy movement in ancillary services markets.  

 

III. 2016 Updates in China’s Energy Storage Market 

1) Markets: Grid-Side and Behind-the-Meter 

In 2016, the Chinese energy storage market exciting growth in both grid-side and behind-the-

meter markets. More and more businesses are becoming interested in reaping the benefits of 

participating in renewable energy integration, ancillary services, energy management for 

commercial and industrial consumers, and other areas where there the value of energy storage 

and its market potential are becoming increasingly clear.  

On the grid side, thanks to the country’s increasing efforts to address renewable energy 

integration issues and strengthen the grid’s peaking capacity, energy storage is continually 

gaining attention for its value in tracking planned output, smoothening output, and providing 

frequency regulation services. In some instances, particularly in some large-scale solar + storage 

projects in Tibet and Qinghai provinces, energy storage has helped address power regulation 
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and integration issues, and electrify rural areas. In other applications, such as in renewable 

energy projects like the “Dalian National Large-Scale Electrochemical Energy Storage 

Demonstration Project”, the “Erlianhaote Microgrid Demonstration Project”, and the “Qinghai 

Power Source Diversity Demonstration Project”, energy storage is becoming larger-scale and 

more systematic in the applications of new energy peaking power and complimentary power 

source diversity. Following the release of the “Announcement on Promoting Electrical Energy 

Storage Participation in the ‘Three North’ Regions Ancillary Services Market Compensation 

(Market) Mechanism Pilot,” market mechanisms to promote the participation of electrical 

energy storage in peaking and frequency regulation services have begun to be established. This 

will help clarify the economic value of energy storage in ancillary services, and improve the 

returns from energy storage projects. 

On the user side, energy storage is mainly applicable for commercial and industrial users, or 

within industrial compounds or business parks, where energy storage is primarily used for bill 

management to help consumers reduce electricity prices stemming from power (kW) and 

energy (kWh) consumption. In these cases, energy storage can be used alongside solar PV, or as 

standalone units: making use of time-of-use rates to arbitrage electricity is the main source of 

income, and depending on the policies in different regions, auxiliary income can be earned from 

demand charge management or demand-side management. Because of the varying costs of 

different kinds of energy storage and differing time-of-use rates between regions, project profit 

margins vary considerably. For example, in a region with a difference in peak and off-peak rates 

between 0.75 yuan ($0.109) and 0.80 yuan ($0.116), (assuming a lead-carbon battery system 

discharging once per day that earns income solely from arbitrage) the payback period is 

between seven and nine years at present. From current projects, we observe that the energy 

storage assets are typically owned by the manufacturer or integrator, who earn income based 

on bill savings for the consumer. Because the payback period is rather long, manufacturers and 

integrators face high risks. Additionally, because they pay for the project, cash flow is a key 

factor when assessing a project.  

2) Manufacturers: Growth of Specialized Energy Storage Companies 

In 2016, thanks to the encouraging potential of the energy storage market, specialized energy 

storage companies began to form in China, with planned production capacities of over 100 

megawatt-hours. Their business models broadly included residential energy storage, 

containerized energy storage products, energy storage system solutions, and project 

construction and operation. Looking back at the specialized energy storage companies that 

formed in 2016, we can pull out some insights: 

First, Chinese domestic power control systems companies partnered with leading international 

battery companies to form specialized energy storage companies. This achieved mutual 

technological and market advantages, and vastly expanded the energy storage operations in 

China. Example companies include: 

• Sungrow and Samsung SDI: Sungrow and Samsung SDI established two joint ventures, 

Sungrow-Samsung (Hefei) Energy Storage Power Sources Co., Ltd., and Sungrow-

Samsung (Hefei) Battery Energy Storage Power Sources Co., Ltd. In July 2016, Sungrow-
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Samsung put a 2000-megawatt-hour-per-year energy storage production line into 

operation.  

• Shenzhou Clou, LG Chem, and Beijing National Battery Technology Co.: Shenzhen Clou 

and LG Chem established a joint venture, Shenzhen Kele New Energy Technology Co., 

Ltd., which plans to have the first phase of a production line in operation in the 

beginning of 2017 with an annual output of 400 megawatt-hours.  Additionally, 

Shenzhen Clou acquired a controlling stake in Beijing National Battery Technology Co. in 

order to guarantee production and ensure a variety of technology development paths. 

Secondly, traditional solar PV companies are taking advantage of their experience in solar PV 

system construction and their existing market channels to establish specialized energy storage 

companies providing solar + storage services. Examples include:  

• GCL System Integration Energy Storage: GCL System Integration established Suzhou GCL 

System Integration Energy Storage Technology Co., Ltd., which plans to have an annual 

battery production capacity of 500 megawatt hours. Their first energy storage product, 

E-KwBe NC-S is already being sold in bulk in the Australian market.  

• Trina Energy Storage: Trina Solar established Trina Energy Storage Co., Ltd., which 

focuses on system integration. In 2016, the company successfully built its first 2-

megawatt/2-megawatt-hour TrinaMega energy storage system in Europe.  

Finally, battery companies are beginning to provide specialized energy storage services by 

establishing subsidiary companies or buying stakes in other companies. As they expand their 

battery production capacities, they are seeking business opportunities outside of electric 

vehicles. Examples include: 

• BYD: The BYD Power Sciences Research Institute is the company’s main energy storage 

development arm. It conducts research, manufacturing, sales, and services for battery 

energy storage, inverters, solar power, and microgrids. It strives to provide clean and 

high-efficiency new energy solutions, and supports the company’s new energy strategy.  

• Sunwoda: Sunwoda Integrated Energy Services Co., Ltd., is the wholly-owned subsidiary 

of Sunwoda Electronics Co., Ltd., focusing on developing energy storage and related 

integrated energy services. It is developing energy storage for smart grids, new energy 

microgrids, commercial and residential users, and data centers. 

• Narada: Zhejiang Narada Energy Internet Operations Co., Ltd. is the company’s wholly-

owned subsidiary responsible for developing Energy Internet services, and its main 

platform for energy storage. It is hastening the development of an “invest-and-operate” 

energy storage system business model.  

• EVE Energy (亿纬锂能): EVE Energy is a 12.5% stakeholder in Alpha ESS (沃太能源), 

which is involved in solar + storage and energy management services, and has a sales 

network in Australia and Germany. EVE Energy’s stake will help the company expand its 

share in the energy storage market.  

3) Overseas: Chinese Battery Makers Look to Expand Overseas  

In 2016, driven by the new energy vehicle industry, the Chinese EV battery sector experienced 

large growth in investment and manufacturing capacity, and a fast decline in technology costs. 
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In this context, domestic battery companies are looking for new markets for energy storage. 

Domestic companies are choosing to expand in markets in the United States, United Kingdom, 

Germany, and Australia, where market mechanisms are well-developed, but manufacturing 

capacity is limited.  

First, Chinese battery companies are seizing opportunities to participate in frequency regulation 

and peak capacity markets in the United States and United Kingdom, primarily through 

providing containerized energy storage systems. BYD is the most active Chinese company in 

overseas markets, with 300 megawatt hours of storage deployed in Europe and the Americas. 

Not only is BYD one of the largest providers of energy storage systems in the PJM frequency 

regulation market, it is also leading the way in opening up solar + storage applications in the 

United Kingdom. In each of these areas, BYD has installed energy storage projects exceeding 100 

megawatts. Additionally, leading Chinese battery companies like Narada, Tianjin Lishen, and 

CATL are developing large-scale energy storage projects in the United States, United Kingdom, 

Germany, and other markets by acquiring stakes and forming strategic partnerships with foreign 

energy storage system solutions providers.  

Second, Chinese solar + storage companies are actively entering residential and microgrid 

markets in countries like Germany and Australia using existing solar PV sales channels. Thanks to 

local energy storage subsidies, advantageous tax policies, rapidly growing deployments of 

distributed generation, and serious cuts to feed-in tariffs, countries like Germany, Australia, and 

some island nations are experiencing fast growth in residential and distributed solar + storage – 

and reaping the benefits. In 2016, companies like Shenzhen Clou Electronics, Alpha ESS, China 

Aviation Lithium-ion Battery Co., GCL System Integrators, Pylontech (中兴派能), and Trina 

Energy Storage have announced residential energy storage products. Ranging between 2.5 and 

7.5 kilowatt-hours, these primarily lithium-ion battery-based products include smart energy 

management systems aimed to serve residential users with solar PV systems. These companies 

are currently seeking out partnerships with local retailers, solar installers, and energy storage 

system integrators to rapidly expand operations in these regions.  

Finally, foreign energy storage markets and companies have won favor from large Chinese 

energy companies, which are becoming involved in energy storage through stakes and 

acquisitions in foreign energy storage system integrators. The most representative of these 

cases is Envision Energy, which invested in German residential energy storage leader Sonnen in 

its fourth round of financing in 2016. This has a monumental impact on bringing Chinese energy 

storage overseas, while also helping Chinese companies accumulate advanced technology and 

market experience from foreign companies to serve China’s promising energy storage market.  

4) Business Models   

In the context of China’s current policies and power markets, high costs and poor economic 

feasibility continue to constrain the deployment of energy storage.22 In order to shorten 

payback periods and expand energy storage deployments, Chinese companies have begun 

                                                           
22 For more on the costs of different energy storage technologies, and for an analysis on their value and economic 

feasibility in different applications, please see the CNESA research department’s special report “Energy Storage Costs 
and Economics.” 
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exploring new business models. At present, there are three relatively typical business models 

and concepts at play in the Chinese energy storage market: 

(i) The “Invest-and-Operate” Model 

For behind-the-meter applications, companies like Narada are employing an “invest-and-

operate” energy storage project model. Not only does the energy storage company build the 

energy storage installation and its related systems as the investor, it also takes responsibility for 

its operation. The batteries charge during off-peak hours and discharge during peak hours, and 

intelligently manage the user’s energy. This allows customers to take advantage of the 

difference in peak and off-peak prices. By also predicting load and local generation, and 

managing energy accordingly, the device helps balance a consumer’s load and achieve detailed 

control and optimization of the consumer’s electricity use. Narada profits by receiving a set 

amount of the total savings in electricity costs.  

(ii) Storage Integrated with Renewable Energy 

Companies like BYD have proposed building independent energy storage stations located 

near centralized wind and solar plants to coordinate the solar and wind operations with the 

energy storage devices to help resolve renewable energy integration issues. Independent 

energy storage stations have the following characteristics: 1) Independent energy storage 

facilities can be directly dispatched by the grid operator, just like a small-scale pumped 

hydro station, to provide services like peaking power, frequency regulation, backup power, 

planned output tracking, etc., to the grid. 2) Calculating the value of services provided by 

independently operating energy storage plants is relatively easy, the value of the 

installation is clearer, and policies and subsidies are easier to implement. 3) Independent 

energy storage facilities are separate from generation assets, ownership is clear, and 

operation is more straightforward. 

(iii) Two-part Electricity Tariff Models 

In April 2016, the National Energy Administration approved the “Dalian Flow Battery Energy 

Storage Peaking Power National Demonstration Project,” a 3.58-billion-yuan project including 

200 megawatts and 800 megawatt-hours of storage. The project serves as an independent 

peaking power source capable of following dispatch orders from the grid operator. It aims to 

improve the power consumption structure of the grid and explore how to solve renewable 

energy integration problems. Under existing mechanisms, this demonstration project will 

explore a two-part pricing and compensation mechanism (consisting of energy and capacity 

prices), similar to that used by pumped hydro stations. In this system, the energy price (kWh) 

reflects the energy storage system’s “energy effectiveness.” For now, it will use the benchmark 

coal price, and the price of purchased electricity will be determined by bidding or direct trading. 

The capacity price reflects the energy storage system’s “system effectiveness” and the support 

for the research project, based on the project’s approved costs. This is temporarily paid by the 

Liaoning Provincial Grid Company, which will recover project costs among consumers.  
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Chapter 2: China’s Energy Storage Market Outlook 

1) China’s Energy Storage Market Drivers 

In 2016, China’s government released policies covering energy development planning, energy 

technology innovation, renewable energy integration, power sector reform, the “Internet+” and 

smart energy, new energy vehicles, and charging infrastructure. Centering on these policy 

highlights, the energy storage industry has lately focused on searching for hidden market 

opportunities and exploring new applications and business models. The main factors that are 

currently driving the energy storage industry are as follows: 

First, large-scale energy storage demonstration projects have become an important tool to 

address renewable energy integration issues in the 13th Five-Year Plan. In order to promote the 

coordinated and optimized operation of energy storage and new energy systems and strengthen 

the peaking capacity of the grid, developing energy storage demonstration projects and 

combined wind-solar-storage demonstration projects will become a key driver for the 

development of the Chinese energy storage industry. In comparison to the Zhangbei 

demonstration project, China’s sole wind-solar-storage project in the past, the development of a 

series of large-scale energy storage demonstration projects in 2016 will not only promote the 

sustained high-speed growth of the Chinese energy storage market, they will also demonstrate 

the value of energy storage in providing peaking power and renewable energy integration and 

help cultivate the stable growth of the renewable energy industry. 

Second, power distribution and retail reforms will provide an opportunity for integrated 

energy management services, with energy storage at the core.  Bringing together the 

opportunities enabled by distribution and retail reform, distribution network upgrading, and the 

development of the Energy Internet, companies like Narada, Shenzhen Clou, Sunwoda, and 

Shangneng Power (上能电力) have taken the first steps in exploring how to build the Energy 

Internet and organize distribution and retail services by focusing on behind-the-meter 

applications for commercial and industrial consumers. These companies have begun fusing 

together distribution/retail and the Energy Internet by bringing together demand response, bill 

management, virtual power plants, ancillary services, smart controls, complimentary energy 

resource management, distributed energy networks, and energy performance contracts, with 

energy storage at the core. This is becoming a driving force for the development of China’s 

behind-the-meter energy storage market. In the future, if business models can be perfected, 

China’s behind-the-meter energy storage industry can truly and quickly move toward 

commercialization.  

Third, now that energy storage technologies are recognized as independent players in 

ancillary services markets, peaking and frequency regulation services have become major 

breakthrough opportunities for energy storage to participate in power markets. The 

“Announcement on Promoting Electrical Energy Storage Participation in the “Three North” 

Regions Ancillary Services Market Compensation (Market) Mechanism Pilot,” released in 2016, 

established for the first time the independent role of energy storage in a power market. It 

encouraged generator-side and behind-the-meter electrical energy storage installations to 
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provide peaking services, and created service and guarantee requirements for grid companies 

and dispatch organizations. Undoubtedly, the promotion of power sector reform through 

ancillary service reform and the participation of energy storage in these services is an enormous 

boost to Chinese energy storage involvement in the grid. In the future, it is necessary to 

implement performance-based frequency regulation compensation and promote the use of 

pricing mechanisms in power markets to ensure that projects can achieve adequate returns and 

establish stable business models. This will help drive the large-scale and commercialized 

development energy storage in China’s ancillary services markets.  

Fourth, the expansion in battery manufacturing capacity and falling costs resulting from the 

electric vehicle industry are driving growth in energy storage services and new markets. In 

2016, driven by a surge in demand for electric vehicles, China’s EV battery manufacturing grew 

significantly. Many of China’s EV battery companies announced plans to expand manufacturing 

capacity on the gigawatt-hour scale, with several lead battery companies investing deeply in 

constructing lithium-ion EV battery manufacturing facilities. Several other companies, seeing the 

opportunities in the EV battery market, have raised capital to build new lithium-ion EV battery 

production lines. Additionally, many small-to-medium size traditional 3C lithium-ion battery 

companies hope to take advantage of the last two years of fast growth in the EV battery market 

to seize market share. According to CNESA’s incomplete data, in 2016, China’s leading EV 

battery companies collectively announced plans to add 120 gigawatt-hours in lithium-ion 

battery manufacturing capacity. If these plans come to fruition, the Chinese lithium-ion EV 

battery market will face serious overcapacity. Compared to electric vehicles, the applications 

and potential markets for stationary energy storage are very broad. In the future, as planned 

manufacturing capacity comes into operation, the situation facing battery companies will shift 

away from battery undersupply, and a greater number of companies will become involved in 

stationary energy storage. This will drive even more vigorous development in China’s energy 

storage market. 

2) China’s Storage Market Development Forecast 

By conducting surveys and research on energy storage companies and future development 

trends, CNESA has produced an industry growth forecast for 2017-2020. 

At present, China is using the following three types of energy storage technologies: 1) physical 

energy storage, mainly pumped hydro and compressed air energy storage; 2) thermal energy 

storage, mainly molten salt; and 3) electrochemical energy storage. Our forecast focuses on 

these categories.  

In terms of physical energy storage, according to China’s 13th Five-Year Plan, by the end of 2020, 

China will have a total installed pumped hydro storage capacity of 40 gigawatts. This is a 16.97-

gigawatt increase from 2015. As of the end of 2016, China had 1.5 megawatts of compressed air 

energy storage in operation. We estimate that by 2020, this number will grow to 148 

megawatts. As such, by 2020, we forecast that China’s physical energy storage capacity will 

reach 40.15 gigawatts. As of the end of 2016, China’s molten salt energy storage capacity was 10 

megawatts. We forecast that by the end of 2020, deployment of molten salt energy storage will 
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reach 1.8 gigawatts, establishing itself on a commercial scale.23 In terms of electrochemical 

energy storage, we forecast that by the end of 2020, cumulative energy storage capacity will 

reach 2 gigawatts – fifteen times the scale of the installed capacity at the end of 2015. 

As such, we estimate that the cumulative energy storage capacity of the three energy storage 

types combined will reach 44 gigawatts by the end of 2020. 

 

Figure 4: China cumulative electrochemical energy storage capacity forecast, 2017-2020 

During the 13th Five-Year Plan period, fast growth in China’s energy storage industry and 

markets will depend on supporting energy policies, implementation of power sector reforms, a 

growing share of renewable energy in the country’s energy portfolio, and a decline in energy 

storage costs. Meanwhile, achieving explosive growth and sustainable development in the 

energy storage industry will also require profitable business models. 

In the future, China’s energy revolution, the large-scale development of renewable energy, and 

deepening power sector reforms will create enormous opportunities for energy storage. The 

optimization of energy storage technologies will come from the market and consumer demands. 

During the 13th Five-Year Plan, we expect that the energy storage industry will experience 

healthy, sustainable development. Pushed forward by both government policies and the market, 

energy storage can achieve commercialization, realize its wide variety of values, and become a 

new force in supporting China’s energy revolution and building a low-carbon, green, and 

ecological future. 

                                                           
23 Forecast made using publicly-available data. 
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Chapter 3: Overview of the Global Energy Storage 

Market 

1) Global Storage Market Deployments 

According to the CNESA project database, as of the end of 2016, the total global energy storage 

capacity in operation was 168.7 gigawatts, a 2.4% increase from the previous year.24 Figure 5 

shows that pumped hydro storage capacity remains the largest contributor to this number. 

However, growth in pumped hydro has slowed, with only a 1.8% increase from the year before. 

Molten salt thermal energy storage comes in second in terms of cumulative global capacity, and 

it grew 18% from the previous year. Molten salt storage projects are mainly centered in Spain, 

Italy, the United States, South Africa, Morocco, and Chile. Electrochemical energy storage 

capacity comes in third, with a total capacity of 1769.9 megawatts, having experienced growth 

of 56% from the previous year. Among electrochemical energy storage technologies, lithium-ion 

energy storage has the largest installed capacity, accounting for 65%, and it grew 89% from the 

previous year.  

 

Figure 5: Global cumulative energy storage capacity (2000-2016) 

                                                           
24 All data on energy storage deployments comes from the CNESA project database. 
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Figure 6: Global electrochemical energy storage capacity and growth rate (2000-2016) 

Since 2012, global electrochemical energy storage capacity has grown steadily, with a 

cumulative annual growth rate of 32% between 2012 and 2016. In 2016, newly-operating 

energy storage capacity reached 638.5 megawatts, a growth of 87% from the previous year. 

Projects announced or under construction in 2016 totaled 1667.6 megawatts. We forecast that 

global energy storage deployments will maintain fast growth in the short term.  

2) Global Energy Storage Market by Application 

Ancillary services accounted for the largest share of newly-operational electrochemical energy 

storage project capacity in 2016, totaling 282.7 megawatts (44% of total).  

Year-on-year growth of newly-added capacity was fastest in distributed generation and 

microgrid applications at a 689% increase from the previous year. Renewable energy integration 

came in second place at 656%. 

In terms of technology distribution within different applications, new capacity deployments of 

lithium-ion batteries led in the categories of renewable energy integration, ancillary services, 

and distributed generation and microgrids, accounting for 89%, 100%, and 77% respectively. 

Sodium-sulfur batteries led in the transmission and distribution category, accounting for 49%. 

3) Global Energy Storage Market by Technology 

In 2016, most newly-operational electrochemical energy storage projects used lithium-ion 

batteries, sodium-sulfur batteries, and lead batteries. Together, these three technologies 

accounted for 99% of newly-added capacity. Of these, lithium-ion battery deployment was 

largest, accounting for 85% of newly-added capacity in 2016. 

Among all energy storage technologies, new capacity growth in sodium-sulfur was fastest; 

capacity grew 2400% from the previous year. Lead batteries came in second at 563%. 

In terms of applications of different technologies, lithium-ion batteries are used in all 

applications, accounting for 18% of capacity in renewable energy integration, 52% of capacity in 

frequency regulation, 9% in transmission and distribution applications, and 21% in distributed 
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generation and microgrids. Sodium-sulfur batteries were used exclusively in transmission and 

distribution applications. Lead batteries were used most in distributed generation and 

microgrids, accounting for 73% of capacity in this category. 

4) Global Energy Storage Market by Manufacturer 

Using our Global Energy Storage Project Database, built from publicly-available information and 

project information provided by private companies, the CNESA research department has ranked 

the world’s leading energy storage companies based on each company’s newly-added project 

capacity in 2016.  

These rankings are based on the total power capacity of energy storage projects delivered to 

consumers. According to CNESA’s statistics, the five global leading companies are: LG Chem, 

Samsung SDI, BYD, NGK, and Kokam. The capacity of the operational projects from these 

companies accounts for 73% of the total new capacity installed worldwide in 2016.  

 

Figure 7: Top five energy storage companies by cumulative power capacity of new installations in 2016 

From these rankings, we can see that Korean and Japanese companies were leaders in new 

project installations in 2016. BYD was the only Chinese company to rank in the top five. In terms 

of technology, LG Chem, Samsung SDI, BYD and Kokam mainly manufacture lithium-ion 

batteries, while NGK mainly produces sodium-sulfur batteries.  

5) Global Energy Storage Market by Region 

In 2016, new electrochemical energy storage projects were primarily built in over 20 countries 

and regions across Asia, North America, Europe, Oceania, and Africa. In 2016, the top ten 

countries in terms of new energy storage installations were Germany, the United States, China, 

Korea, Japan, the United Kingdom, Australia, Italy, the Maldives, and New Zealand.  
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Figure 8: Top ten countries in terms of new energy storage installations (2016) 

 

Chapter 4: 2016 International Energy Storage Market 

Round-up  

Because of differences in policy environments, power sector conditions, and consumer demand, 

in 2016, the main global markets for energy storage – such as the US, Germany, the UK, 

Australia, Japan, and Korea – all exhibited different levels of development, application sectors, 

and business models.  

1) United States 

In 2016, the US was a leading country in the development of energy storage markets and 

projects. Among the regional markets in the US, California has the largest deployment of energy 

storage capacity. Due in part to the Aliso Canyon gas leak, California hastened the construction 

of energy storage projects already in the pipeline along with commissioning over 100MW of 

new projects, in total adding 237 megawatts of new capacity during 2016. Not only did this set a 

new record for energy storage capacity growth, this record setting procurement has throned 

California as America’s energy storage leader.   

In terms of applications, ancillary services remained the leading application sector for energy 

storage in the US. In the southwest US, energy storage was mainly used for peaking capacity, 

upgrade deferral for peaking units, and ensuring local power reliability. In the PJM and MISO 

grid regions, energy storage was used for frequency regulation and improving grid flexibility. In 



 
______________________________________________________________________________ 

30 
 

behind-the-meter applications, developers made use of time-of-use rates, provided commercial 

and industrial users with demand charge management, and helped customers with bill 

reduction. Additionally, many manufacturers actively explored new profit models in behind-the-

meter applications, including virtual power plants and demand response to provide services to 

the grid. 

2) Japan 

Following the Fukushima nuclear accident, the Japanese government changed its energy 

strategy to put more emphasis on renewables, particularly solar PV. However, beginning in 

2014, the grid ran into limitations on the amount of intermittent solar generation it could 

accommodate. In order to help integrate more renewable energy resources while ensuring safe 

and stable grid operation, the Japanese government has established energy storage as a high 

priority.  

In 2016, practically all of Japan’s newly-built energy storage projects were used in transmission 

and distribution. The Japanese New Energy Promotion Council (NEPC) appropriated US$2.57 

million to develop two “Large-Scale Grid-Balancing Battery Energy Demonstration Projects” to 

support the Kyushu Electric Power Co. and Tohoku Electric Power Co. install energy storage 

systems allowing more renewable energy on the grid. The Japanese government has also 

established a development goal stipulating that, by 2020, Japanese energy storage 

manufacturers should control 50% of the global market share. In order to reach this goal, Japan 

has committed to implementing subsidies and incentive mechanisms for the application of 

energy storage in power generation, transmission, distribution, and consumption.25 With 

support from the Japanese government, Japanese energy storage companies are notable for 

their domestic projects and international competitiveness. 

3) Germany 

Ancillary services and behind-the-meter solar + storage are the main applications in Germany’s 

energy storage market. In terms of ancillary services, the technical characteristics of energy 

storage and the high price of primary frequency regulation has made primary frequency 

regulation a very suitable application for megawatt-scale battery energy storage. We forecast 

that up until 2018, grid-side energy storage will primarily be concentrated in the primary 

frequency regulation market. After 2018, the secondary frequency regulation market will 

experience high-speed growth. Meanwhile, distribution network upgrade deferral will become a 

highly attractive market.  

With respect to behind-the-meter, Germany installed 20,000 residential energy storage systems 

in 2016. There are now 52,000 energy storage systems in operation in Germany that serve solar 

PV systems. In the short term, due to steeply decreasing energy storage costs (system prices fell 

by 40% in the past three years), steadily decreasing distributed solar PV feed-in tariffs, high 

electricity prices, a high proportion of renewable energy generation, and residential energy 

storage subsidies from the KfW Development Bank, the residential energy storage market will 

                                                           
25  The Global Energy Storage Policies and Power Market Environments Report examines Japanese energy storage 

policies in further detail. 
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continue to grow. In the medium-to-long term, as feed-in tariffs continue to fall, there will be a 

large space for energy storage to support previously-installed solar PV systems.  

4) United Kingdom 

Although the deployment of energy storage in the UK has been limited, installations on the 

distribution-side have been relatively broad, largely thanks to funding from Ofgem’s Low Carbon 

Network Fund. This funding has ensured that each distribution network operator has the 

opportunity to develop energy storage demonstration projects. These projects can 

independently provide grid services or work in conjunction with renewable energy resources.  

From our analysis of existing projects, we see that grid-scale energy storage remains the main 

application for energy storage in the UK, as residential energy storage is not cost effective. In 

2016, the UK initiated its largest and most-discussed advanced frequency regulation services 

auction, with some frequency regulation auction winners also participating in the national 

capacity market. This was an important step in exploring the possibility of value-stacking and 

new business models. At present, the British power market’s commercial environment for 

energy storage is transitioning from a “yellow light” to a “green light.” According to forecasts 

from the UK’s National Grid, the first large-scale applications of energy storage will be 

concentrated in ancillary services and grid-balancing, particularly frequency regulation. The 

second wave of large-scale energy storage development will possibly be in transmission and 

distribution network services, including congestion management. For these services to be 

economically feasible, energy storage must be able to stack multiple value streams.  

5) Australia 

The majority of megawatt-scale energy storage projects in Australia are “technology 

verification” projects or microgrid projects on islands, mining sites, or in areas with poor grid 

service. The technology verification projects are mainly funded and promoted by the Australian 

Renewable Energy Agency, ARENA. The distributed microgrid projects are mainly driven by the 

desire to replace expensive diesel generation. 

In 2016, Australia’s residential energy storage market exhibited huge potential for growth. 

Residential solar + storage capacity grew 1000% since to 2015, with a total of 675 residential 

systems installed in 2016. In terms of regional distribution, residential energy storage 

manufacturers are mainly focusing on four regions: 1) New South Wales, where 16,000 

residential solar users are losing preferential feed-in tariffs; 2) Adelaide, where 10,000 homes 

are receiving energy storage subsidies; 3) the Australian Capital Territory, where 5000 homes 

are receiving energy storage subsidies; and 4) South Australia, where frequent power outages 

have occurred in recent months. We anticipate continued high-speed growth in the Australian 

residential energy storage market over the next 2-3 years due to plentiful solar resources, high 

electricity prices, and discontinuation of feed-in tariff programs. 

6) Korea 

Korea’s total deployment of energy storage is fourth globally, behind the United States, Japan, 

and China. Energy storage in frequency regulation, renewable energy integration, islands, and 

residential applications has been driven by developments such as KEPCO’s 500-megawatt 
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frequency regulation energy storage procurement plan, incentive policies for solar and wind 

projects to install energy storage under the renewable energy credit (REC) system, the Green 

Island project, and Clean Energy and Smart Home projects. LG Chem, Samsung SDI, and Kokam 

have become involved in energy storage projects, and have become the main energy storage 

technology providers in Korea. 

Since 2016, the Korean Ministry of Trade, Industry, and Energy has strived to increase the 

overseas energy storage market share belonging to Korean companies through organized 

means. In this context, battery technology companies like Samsung SDI, LG Chem, and Kokam, 

and power and energy development companies like Doosan Corporation, POSCO, and KEPCO 

have accelerated their entry into foreign energy storage markets. They are establishing strategic 

partnerships with international energy storage project developers to jointly develop projects. 

They are also establishing close relationships with local companies via acquisitions or strategic 

partnerships to hasten entry into different markets. 

7) India 

India is an emerging market in the energy storage sector. India’s 100 gigawatt solar PV target for 

2022, rapid population growth and urbanization, and frequent power outages due to extreme 

weather are causing serious challenges to the country’s generation capacity and grid 

infrastructure. All these factors combined present an enormous opportunity for energy storage. 

Although India has adopted a supportive attitude towards energy storage, previous plans to 

develop large-scale energy storage projects have been shelved or delayed due to inadequate 

funding or technological limitations. This situation began to improve in the latter half of 2016, 

when construction began on the country’s first large-scale grid-connected and behind-the-meter 

energy storage projects. Meanwhile, the large number of solar PV projects has spurred the 

procurement process for energy storage systems. 

8) European Union (excluding Germany and the UK) 

In 2016, the EU’s energy storage market experienced comprehensive growth in residential solar 

+ storage, grid-side storage, and island microgrid storage. Aside from Germany and the UK, the 

countries with the fastest growth in residential energy storage were Italy, Sweden, and Austria. 

Sweden also released residential energy storage subsidy plans. For countries with a relatively 

high number of islands like France and Italy, using energy storage technologies to support 

renewable energy generation is becoming an important way of improving energy independence. 

France in particular has developed a series of proposals for island solar + storage demonstration 

projects. For countries like Poland and Ukraine, whose infrastructure was mostly built before 

1990, grid upgrade deferral will become an important application for distributed generation and 

energy storage.  

9) Other countries 

There are relatively few energy storage projects in Africa, the Middle East, the Caribbean, and 

Latin America. However, each region is using energy storage to address their own issues. For 

example, Chile has developed energy storage stations to ensure the safe and stable operation of 

mining equipment in desert regions. A series of off-grid solar + storage projects have been 

developed in Africa to address power outages, achieve energy independence, and reduce diesel 
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consumption. As renewable energy becomes more commonplace, as the need for stable power 

supply grows, and as the energy storage technologies’ costs drop and performance improves, 

the prospects for energy storage will improve in Asia, Europe, Africa, and Latin America.  

 

 

 


