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Preface 

Trade Winds Blowing – From 2014 to 2020 

In 2014, China's economy continued to struggle. With oil, coal, electricity, and other basic energy 
prices all low, the energy storage market has suffered. But at the same time, reform and 
innovation have become the new normal for China's energy sector, as the next round of China's 
energy market reforms have begun. In 2015, energy trading has become a hot spot for 
innovation: demand-side management, distributed solar, solar-powered rural electrification, and 
solar PV financing are all advancing the development of distributed solar PV-related microgrid 
systems. As a core technology of distributed electricity and microgrid systems, energy storage is 
in a strong position. 

In 2014, the global energy storage industry revolution continued to move forward. California's 
AB2514 led to Southern California Edison’s 261 MW energy storage procurement, and California's 
SGIP was extended to 2019 at $83M/year. Tesla released its new stationary energy storage 
products and within weeks had $800M in orders. Germany's 800,000-user energy storage market 
emerged, and South Korea announced a 500 MW frequency regulation project. Japan's hydrogen-
powered sedan, the Mirai, was unveiled, as was Japan’s national hydrogen strategy. Each piece 
exemplifies the shift towards energy storage as a critical part of future electricity systems. The 
strategic advantages of energy storage represent the competitiveness of China’s energy industry 
in the coming years. 

In 2014, the challenges facing China's new energy industry remain formidable. The economy is 
struggling, wind power prices have been adjusted, and subsidies have lagged behind real needs. 
There is a shortage of financing in the supply chain, distributed solar PV development has been 
delayed, and a number of factors led to a failure to meet the country’s 2014 distributed solar PV 
target of 8 GW -- only 2.05 GW were installed. However, the EV and lithium ion battery industries 
performed well, making 2014 a banner year for electric vehicles in China. 

In 2014, an ancillary service market system in China is still practically non-existent. Policy 
continues to be lacking, and farsighted research remains sparse. Enterprises are acting as the 
major agents of innovation, advancing slowly under a heavy burden, with each step a great effort. 

Breakthroughs require time, yet the winds have started to rise. 2014 was the first year energy 
storage acted as an independent industry in China, as industry leaders participated in discussions 
on China's electricity market service payment mechanisms. China is beginning to see the 
appearance of groups such as the China Renewable Energy Industries Association's internal grid 
integration expert committee, the China Industrial Association of Power Sources' energy storage 
application branch, and others. The China Energy Storage Alliance has worked with these groups 
closely to promote development of the energy storage industry. China's electricity reforms are 
advancing steadily, with increasing cross-sector and cross-boundary cooperation. New top-level 
programs and regional planning will steadily eliminate restrictions stemming from the traditional 
system. 

CNESA remains optimistic about the development of China's market. According to forecasts, by 
2020 the Chinese energy storage market will have a capacity of 67 GW (including 35 GW from 



 

iii 

pumped hydro energy storage). The tides are turning, and the energy storage industry is soon to 
set sail. We firmly believe that within the next three years, energy storage will be ready to scale in 
China.  

In 2010, based on principles of “Openness, Equality, Cooperation, and Sharing” and the “Spirit of 
the Internet,” CNESA began systematic research on the industry. In the last five years, we have 
followed development trends of all types of technologies, and investigated all types of energy 
storage applications in the traditional grid system. We have examined the different market 
environments, policies, and energy storage opportunities in the US, Japan, Europe, and China, 
and researched energy storage development models in the context of China's historic 
urbanization trend. Since 2011, our annual white papers have been well-received. 

In 2014, our surveys of the Chinese market showed that several market opportunities, innovative 
models and business demonstration projects have arisen in four new energy sectors: distributed 
generation and microgrids, ancillary services, customer-side demand response, and EV electricity 
network systems. Since 2014, we have explored energy storage business models and worked with 
Alliance partner financiers to launch solar/storage/charging demonstrations, hybrid-energy 
industrial parks, frequency regulation projects, and other leading research projects. 

Through the White Paper and the various demonstrations and pilot projects, we have shared our 
research results with industry participants. We are happy to report that energy storage has 
gained some degree of attention at the national level. Difficulties still remain in the struggle to 
establish policies supporting energy storage market mechanisms, and economic analyses on 
specific applications have had difficulty supporting electricity pricing policies. Nonetheless, there 
are regional energy trial policies and microgrid energy storage installations driven by distributed 
solar PV which are propelling energy storage policy forward. In the next five years, quality, cost, 
and credit will become major factors and crucial breakthrough points for the energy storage 
industry. All types of energy storage innovations and ventures will benefit from improved 
technological reliability, lower costs, and established financing models. 

Here in our 2015 white paper, we analyze existing international practices and experience, in 
particular solar/storage/charging infrastructure and the new energy industry financial 
ecosystems. We examine models of solar-plus-storage microgrid development and opportunities 
for energy storage created by the EV market. 

We discuss energy storage applications in wind farms, distributed generation, demand-side 
management and ancillary services, and we provide an initial investigation into the Energy 
Internet and its development. 

China's energy structure adjustments and environmental pressures are accelerating the creation 
of sustainable energy grid integration policies and electricity pricing mechanisms. Complications 
persist in the economics of energy storage, but with the increase in the number of commissioned 
projects and sharing of operational data from Energy Internet-related projects, we expect to see 
further advances in energy storage application economics research. 

In addition, new regional ecosystems resulting from urbanization and China’s “One Belt, One 
Road” initiative will give rise to new development opportunities for energy storage. In 2015, we 
foresee opportunities revolving around an EV and microgrid-based Energy Internet, and regional 
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cooperative development. 

The Energy Internet's new business models will be integrated and coupled with energy storage 
applications in distributed generation, demand response, smart buildings, frequency regulation, 
and electric vehicle networks. 

The Energy Internet differs from traditional smart grids and their need for instantaneous power 
balancing management, in that its core will be built on a digital foundation that facilitates better 
energy management. In this process, energy storage will play a crucial role as an energy 
microchip, supporting future digital energy management systems. The Internet revolution's anti-
centralization/distributed model will likewise change the industrial structure of the energy 
industry. 

Power sector reforms, alongside the emergence of big data systems, distributed hybrid energy 
networks, securitized energy assets, and other innovative models will challenge traditional 
energy development models, and will gradually lead to a digitized Energy Internet, bringing new 
economic growth. 

In 2015, while preparing this white paper, we published our online energy storage demand 
response platform, integrating our Alliance standards for solar-plus-storage and energy storage 
frequency regulation, and we selected a pilot financial institution to investigate innovative 
financial models. 

In our research process, we regularly shared our experience and research results with experts 
and industry participants to receive input and guidance. We hope that by working together, our 
modest efforts will help resolve shared challenges in the energy storage industry.  

 

Johnson Yu 

CNESA Chairman 
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Chapter 1 - Distributed Solar-Plus-Storage Development 
Models    
At present, solar-plus-storage applications have different emphases in different countries: 

 The US’s innovative business and financial models are the most active, particularly 
California's commercial distributed project sector; 

 Germany has a large number of customer solar-plus-storage systems, as well as an 
energy storage subsidy program. However, as the subsidy program procedures are 
rather complicated, only about half of the solar-plus-storage projects complete the 
subsidy application; 

 Australia has a very large potential market for solar-plus-storage systems, but at 
present it is only in the demonstration/pilot project stage, with no subsidies, and no 
established business models; 

 China has already commissioned many distributed solar-plus-storage projects, but most 
are pilots or very high-value/special applications (such as serving unelectrified 
populations), and lack established business models and public storage/solar-plus-
storage subsidies. 

This section will take the United States’ relatively mature policy and financial support models as 
an example, and from there investigate China's distributed solar-plus-storage development 
models. Similarly, we examine other countries without firmly established business models such 
as Australia, and explore development status, market size, trends, and key participants in these 
countries. 

1  Analysis of policy-supported distributed solar-plus-storage generation 
development models in the United States 

1.1 State of distributed solar-plus-storage generation  

The United States is the world's leading country for installed distributed solar-plus-storage 
projects. As of the end of 2014, there were 1118 energy storage projects (75 MW) in some stage 
of development (planned, approved, under construction, or commissioned) in California's Self 
Generation Incentive Program (SGIP). Of these projects, 511 were paired with solar PV (45.7%). 
However, because the cost of solar-plus-storage systems is rather high, these projects are small in 
scale, totaling just 8.4 MW, while unpaired energy storage projects have a total installed capacity 
of 67.1 MW. 

The SGIP 2015Q1 report (January-April 2015) showed that customer-sited energy storage 
projects are picking up speed. There were 103 newly completed customer-sited energy storage 
projects under the program during the first quarter, 13 of which were paired with solar PV, and 8 
of which were from Tesla. 

1.2 Distributed solar-plus-storage policy and financial support 

 Policies supporting distributed solar-plus-storage 

Policies affecting solar PV: There are many policies supporting solar PV at the federal government 



 

2 

and state government levels. The most influential two polices are both at the federal level, the 
Federal Investment Tax Credit (FITC) and Modified Accelerated Cost Recovery System (MACRS). 
State government subsidy policies include investment rebates, kWh-based rebates, tax credits, 
green power certificates, etc. 

Policies affecting energy storage: SGIP was initiated in 2001, and is one of the US's longest 
running and most successful distributed generation policies. Since 2011, the program has 
included energy storage in its list of supported technologies. It is administered by the California 
utilities, and has an annual budget of $83M for project funding, and is funded through 2019. It 
provides $1.46/W to customer-sited energy storage projects smaller than 1 MW. This amount is 
reduced each year. 

Financial models supporting distributed solar-plus-storage generation 

Financial models supporting distributed solar-plus-storage generation mainly include contractual 
cash flow models, and solar PV bonds. 

Contractual cash flow models: Based on government subsidies and fixed payments from users for 
electricity bills, and via specially set project company equity structures and contract structures, 
developers can pass on the benefits from FITC and MACRS to investors. In the contractual cash 
flow model, solar PV developers and funders create third party investment structures: joint 
venture/partnership models, leasing models, and buyback models. 

Solar Bonds: In addition to offering the innovative financial structures and models that have 
attracted Silicon Valley investors, banking institutions, and other large financiers, solar PV 
manufacturers such as SolarCity have opened investment to small investors via the issuance of 
solar bonds. 

1.3 US distributed solar-plus-storage companies and business models 

Tesla and SolarCity are the most representative companies in the US distributed solar-plus-
storage generation market. In the solar-plus-storage sector, SolarCity and Tesla established a 
close partnership, greatly advancing distributed solar-plus-storage development in the US 
market. 

As of June 2014, SolarCity had over 140,000 customers and over 756 MW of installed solar PV. 
300 of these homes also have storage installed. The distributed solar-plus-storage business model 
created by the Tesla and SolarCity partnership has the following primary features: 

 A firm grip on the most attractive commercial and residential sectors;  

 Expansion of household usage via B2C models; 

 A variety of payment structures, advancing the application of distributed solar-plus-
storage generation models. 

1.4 Development trends in distributed solar-plus-storage 

Falling costs 
At present, the cost of installing solar PV in California is falling by 7% on average each year, and 
costs for solar PV systems paired with storage systems are also dropping at the same rate. As of 
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the end of 2014, storage-equipped distributed solar PV systems cost about $1400/kW. 

Load defection 
When solar-plus-storage system costs are low enough, many more electricity customers will 
choose self-consumption, potentially leading to grid defection and lower grid loads. According to 
a report released by the Rocky Mountain Institute (RMI), CohnReznick, and HOMER Energy titled 
The Economics of Load Defection, in areas with high electric prices like Hawaii, grid-connected 
solar-plus-storage is already more economical than a simple grid connection. In 10-15 years, 
California, New York, and Texas will also reach this point. In these circumstances, more and more 
users will leave traditional utilities and turn to self-generated stored energy. 

2  China's distributed solar-plus-storage policy and financial support models 

2.1 State of distributed solar-plus-storage  

As of the end of 2014, there were 41 distributed solar-plus-storage projects in China, totaling 
42.1 MW. The industrial sector had the largest installed capacity, but most of this comes from the 
20 MW battery co-located at a solar project at a BYD factory; other projects are not so large. 
Island and remote area projects are the most numerous, reflecting the most popular application 
for energy storage in the China market at this time. 

2.2 Distributed solar-plus-storage generation policy and financial support 

Subsidies are still the most important policy assistance for China's distributed solar sector. 
Electricity from distributed solar PV, regardless of whether it is consumed locally or sold back to 
the grid, receives a 0.42 CNY/kWh subsidy from the central government, in addition to a 
benchmarked feed-in price from the grid company. 

Solar PV generation also receives a 50% value-added tax benefit. Local governments, in an effort 
to support new energy investment, often add on their own subsidies on top of the central policy, 
as we highlighted in our 2014 white paper. 

2.3 Distributed solar-plus-storage development models appropriate for China 

At present, China's primary distributed solar PV markets are government-led, with established 
development scales and subsidies. The installation sites are primarily commercial and industrial 
rooftops. Business models are still using ground-based power plant development models, with 
project owners relying on their own capital and bank financing. Income comes from government 
subsidies and sales of electricity. 

In terms of energy storage, China mainly operates distributed storage demonstration projects led 
by grid or generation companies. Project funding mainly comes from the company's own funds, 
bank financing, and technical project support from the government. Income mainly comes from 
electricity sales, the economics of which cannot be guaranteed. As yet, no business model has 
taken shape that can be pushed to commercialization. 

China's distributed solar market faces financing difficulties, with long payback periods. Similarly, 
energy storage is facing issues with technological immaturity and costs that are too high. To 
promote scalable development of distributed solar-plus-storage, solar PV business models need 
to be found and technical and economic issues related to energy storage need to be resolved. 
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Borrowing from experiences in the United States, the following suggestions may support the 
development of China's distributed solar-plus-storage market. 

(1) Introduce innovative distributed solar business models: 

 Address financing issues and excessive reliance on long-term loans. 

 Streamline administrating departments and improve subsidy policies. We recommend 
energy and taxation bureaus establish more diversified incentive policies to encourage 
private capital, pension funds, and insurance funds to invest in distributed solar 
deployments. 

 Improve grid feed-in subsidies for distributed projects. Provide a limited feed-in tariff to 
distributed PV systems based on penetration rate. Improve the attractiveness of 
distributed solar investments. 

 Establish solar PV system evaluation standards that serve as industry-set quality 
benchmarks to allow investors to get independent evaluation reports on solar PV 
systems. This will improve attractiveness to investing entities. 

 Incentivize core enterprises to explore new business models, while providing 
comprehensive policy and financial support. 

 Provide financial support centered on policy realization and long-term cooperation. 

(2) Subsidize energy storage systems 

Due to the high costs of energy storage at present, subsidies for energy storage are needed to 
encourage the development of distributed solar-plus-storage systems in many sectors. Taking the 
energy storage subsidy policies of other countries into consideration, a Chinese energy storage 
incentive plan should include the following five aspects: 

 Firm technological indicators that applications must meet; 

 Subsidy funding scale and incentive standards; 

 Technology and project evaluation systems; 

 Performance-based incentive mechanisms and structures; 

 Establishment and management of a project database. 

3  Distributed solar-plus-storage generation markets in other countries 

3.1 Australia 

According to the US Department of Energy’s Energy Storage Project Database and CNESA's Energy 
Storage Database, as of the end of April 2015, Australia's energy storage projects were as follows: 
ten already commissioned (one of which is undergoing maintenance), two under construction, 
one contracted, and six decommissioned. Of these, most of those in operation are in an 
experimental stage, and are mainly used for grid integration of renewables, and in island and 
mining area electricity supply systems. Distributed solar-plus-storage is still in the extremely early 
stages in the Australian market, and is without established business models. 
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However, through analysis of the cost and market trends of Australia's PV market, electricity 
market price levels and forecasts, FIT levels, energy storage costs and potential value, and other 
factors, Australia will most likely have a large market for distributed solar-plus-storage in 
customer electricity bill management, as well as in the off-grid market. 

At present, Australia's energy storage suppliers include BYD (partnered with SolarBalance), 
RedFlow, Bosch, Sony, Alpha Energy Storage Solution Co., Ltd. (Alpha-ESS), Samsung, and LG 
Chem. Other participants include Magellan Power, Kaco and Selectronics, Enphase, Ecoult, and 
360Storage. 

3.2 Japan 

With comprehensive incentives such as feed-in tariffs, energy storage system incentive programs, 
time-of-use electricity pricing mechanisms, and others, Japan – alongside Germany – led the 
customer energy solar-plus-storage market in 2014. The two countries installed 70% of the 
world’s solar-plus-storage systems that year. In 2015, solar-plus-storage project development is 
expected to take off in Australia and the UK. While Japan and Germany are expected to remain 
leading markets, their share is expected to fall to 60% in 2015. 

At present, major Japanese PV manufacturers such as Panasonic, Kyocera, and Sharp are 
beginning to provide customer solar-plus-storage systems with lithium-ion batteries. They are 
starting to establish customer energy storage leasing models and rooftop solar PV space leasing 
models to meet customer demand. These companies intend to move away from pure-play solar 
towards the home energy management sector. 

3.3 Germany 

In 2014, we covered Germany's electricity market, feed-in tariffs, and energy storage subsidies 
extensively, so this white paper will provide an update on market changes in the past year. 

Germany's distributed solar-plus-storage development is already rather mature due to its retail 
electricity prices being higher than its FIT payments, abundant expertise of home users, the 
gradual phasing out and expiration of a 20-year grid integration and subsidization policy, low 
interest rates on savings, and other factors. In 2014, about 10,000 energy storage systems were 
sold in Germany – about one in five home PV systems sold were paired with storage. 13,000 
systems are expected to be sold in 2015, meaning one in three home PV systems will be sold with 
paired storage. This is expected to reach about 60,000 systems in 2017. 

At present, there are 30-40 energy storage providers in Germany. In addition, about 70% of PV 
installers are offering energy storage products, and utilities are also offering solar-plus-storage 
systems and energy storage products. Many providers are selling below cost in an effort to 
establish market share. However, many providers lack the ability to provide potential customers 
with financial and payback rate analysis, and most of the offered paired systems are not optimally 
integrated.  
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Chapter 2 - Energy storage opportunities in new energy 
vehicle industry development 

1  China's new energy vehicle (NEV) industry development status 

In 2014, incentivized by new measures in the energy vehicle (NEV) industry promulgated by 
China’s State Council and other bureaus, the new energy vehicle market has picked up 
momentum. New energy vehicles are beginning to become commonplace in China. 

China has the world’s largest manufacturing capacity of NEV buses, and the second largest 
manufacturing capacity of NEV passenger cars. This includes plug-in, extended range, pure 
electric propulsion, and other vehicle models, as well as slow charging, fast charging, battery 
exchange, online charging, dual-source charging, and other energy supply methods. 

Charging infrastructure and hydrogen fueling networks are important elements in popularizing 
NEVs. In July 2014 the State Council issued Guiding Opinions on Accelerating New Energy Vehicle 
Use, which for the first time put forth a concrete and comprehensive roadmap to accelerate the 
construction of charging infrastructure. Charging facilities and services are presently being built in 
cities, suburbs, and highways. In addition, national and local governments have launched several 
policies and measures to promote and expand NEV usage by improving market access, financial 
subsidies, electricity pricing, charging services, etc. 

2  Analysis of China’s new energy vehicle industry policy  

2.1 Making sense of China’s new energy vehicle industry policy 

As of the end of 2014, over 20 opinions, notices, and announcements regarding NEVs have been 
issued by the State Council, National Development and Reform Commission (NDRC), Ministry of 
Industry and Information Technology (MIIT), Ministry of Finance (MOF), and other ministries and 
commissions. These involved production access, financial subsidies, tax breaks, demonstration 
expansion, technological innovation, infrastructure construction, and other aspects. Here we 
summarize major policies pertaining to new energy vehicle industry development targets, 
technology R&D support, financial subsidies, and tax reductions. 

Development targets 

In 2012 the State Council issued its Energy Efficient and New Energy Vehicle Industry 
Development Plan (2012-2020), which set new energy vehicle production and sales targets for 
2015 and 2020. Further documents were published to set development targets for EV battery 
functionality, vehicle performance, charging infrastructure scales, and scale of expanded usage in 
public services. Relevant policies are shown in Table 1. 

Table 1: Policies pertaining to China’s new energy vehicle development targets 
Policy Issuing ministry Release date 

Energy Efficient and New Energy Vehicle 
Industry Development Plan (2012-2020) State Council 2012-06 

12th Five Year Plan: National Strategic 
Emerging Industry Development Plan State Council 2012-07 
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Notice on the Continued Development of 
New Energy Vehicle Popularization Efforts 

Ministry of Finance (MOF), Ministry of Science 
and Technology (MOST), Ministry of Industry and 

Information Technology (MIIT), National 
Development and Reform Commission (NDRC)  

2013-09 

Notice on the Issuance of Government 
and Public Institution New Energy Vehicle 
Procurement Measures 

Government Offices Administration of the State 
Council, MOF, MOST, MIIT 2014-06 

Ministry of Transportation’s Practical 
Opinions on the Request for Proposals for 
Accelerating New Energy Vehicle 
Popularization 

Ministry of Transportation 2015-03 

Source: CNESA 

R&D support 

As shown in Table 2, R&D supporting policies are mainly focused on four aspects: fundamental 
scientific issues, general core technologies, propulsion system technologies, and integrated R&D 
and demonstrations.  

Table 2: Policies pertaining to China's new energy vehicle R&D 
Policy Issuing ministry Release date 

12th Five Year Plan: Special Plan for Electric 
Vehicle Technology Development 

Ministry of Science and Technology 
(MOST) 2012-03 

Energy Efficient and New Energy Vehicle Industry 
Development Plan (2012-2020) State Council 2012-06 

Notice on Organized Development of New Energy 
Vehicle Industry Technology Innovation Efforts 

Ministry of Finance (MOF), Ministry of 
Industry and Information Technology 

(MIIT), and MOST 
2012-09 

Call for Suggestions on Major National Special 
R&D Plans for New Energy Vehicles MOST 2015-02 

Source: CNESA 

Financial subsidies and tax reductions 

To promote general procurement and usage of NEVs, China is offering both vehicle purchase 
subsidies and reduced taxes. This lowers the cost of vehicle ownership, and accelerates 
popularization in the public sector and among general consumers. Such policies are listed in Table 
3. 

Table 3: Policies pertaining to NEV procurement subsidies in China 

Policy Issuing ministry Release 
date 

Notice on Developing Energy Efficient and New Energy 
Vehicle Demonstration Expansion Pilot Projects 
 
Interim Methods for Public Financial Management for 
Energy Efficient and New Energy Vehicle Demonstration 
Expansion 

Ministry of Finance (MOF), Ministry 
of Science and Technology (MOST) 2009-01 

Notice on Expanding Public Sector Energy Efficient and 
New Energy Vehicle Demonstrations 

MOF, MOST, Ministry of Industry and 
Information Technology (MIIT), 

National Development and Reform 
Commission (NDRC) 

2010-05 

Notice on Developing Private New Energy Vehicle 
Procurement Subsidy Pilots MOF, MIIT, MOST, NDRC 2010-06 

Notice on Continuing Development of New Energy Vehicle 
Usage Popularization Efforts MOF, MOST, MIIT, NDRC 2013-09 
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Notice on Advancing New Energy Vehicle Usage 
Popularization Efforts MOF, MOST, MIIT, NDRC 2014-02 

Notice on 2016-2020 New Energy Vehicle Usage 
Popularization Financial Support Policies (Draft Proposal) MOF, MIIT, MOST, NDRC 2014-12 

Source: CNESA 

In addition to public financial subsidies, consumer-side tax reductions are even more capable of 
guiding consumer action. In 2014H2, the launch of reduced NEV sales taxes greatly spurred the 
NEV market. 

Table 4: China's new energy vehicle sales tax reduction programs 

Tax program Policy Tax reduction measure Release 
date 

Vehicle tax Notice on Energy Efficient and 
New Energy Vehicle Tax Policy 

Effective Jan 1, 2012, new energy vehicles are 
exempt from the vehicle tax 2012-03 

Vehicle sales 
tax 

Announcement on Vehicle 
Sales Tax Exemption for New 
Energy Vehicles  

Effective Sept 1, 2014 through Dec 31, 2017, 
new energy vehicles are exempt from vehicle 
sales tax 

2014-08 

Source: CNESA  

2.2 Local new energy vehicle industry policy analysis 

On September 2013, the Ministry of Finance (MOF), Ministry of Science and Technology (MOST), 
and National Development and Reform Commission (NDRC) issued the Notice on Continuing 
Development of New Energy Vehicle Usage Expansion Efforts. In November 2013 and January 
2014, they issued lists of targeted cities and areas for new energy vehicle expansion - 39 areas in 
total, with 88 cities listed as new energy vehicle usage expansion cities/areas. These localities 
then established their own new energy vehicle usage expansion measures, and established NEV 
and infrastructure expansion targets. 

To accelerate the usage of NEVs, especially in the private consumer market and NEV leasing 
market, many areas set differing preferential policies. These not only lowered the operating and 
maintenance costs of NEVs, but also increased the convenience of using NEVs. These policies 
included: 

 Differentiated traffic management measures; 

 Reducing vehicle operation and maintenance costs; 

 Charging device installation and charging fee subsidies; 

 NEV leasing business subsidies. 

3  Positive effects on the energy storage industry driven by new energy vehicle 
industry developments 

3.1 NEVs and the increased scale of energy storage battery production 

Encouraged by the development prospects of China's new energy vehicle market, international 
battery manufacturers are looking favorably at the China market and have increased investment 
in building factories. In 2014, Samsung SDI, LG Chem, SK Group, and other international 
magnates invested many hundreds of millions of US dollars in setting up lithium-ion EV battery 
factories in China. Domestic auto manufacturers and battery manufacturers are also increasing 
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their coverage of the EV battery sector with vigor, launching plans for production capacity 
expansion, with BYD, Lishen, BAK, Wanxiang, Rui Heng Group, and others investing to stake 
claims on the rapidly growing EV lithium-ion battery market. 

EV lithium-ion batteries are also a major technology in the stationary storage sector. According to 
CNESA's statistics, lithium-ion batteries make up over 85% of the Chinese energy storage market 
(not including pumped hydro). Stimulated by the new energy vehicle industry, all major battery 
manufacturers are investing in factories and expanding production capacity to make the most out 
of developments in the energy storage industry. 

3.2 Charging and exchange services for expanding energy storage applications 

In EV charging and exchange services, sectors for expanded usage of energy storage include solar-
plus-storage charging and exchange stations, fast charging stations, and demand response 
charging stations. 

Solar PV charging stations are comprised of a solar PV system, battery energy storage system, EV 
charging installation, and a distributed microgrid control system, using clean solar power to 
charge EVs. There are already many of this type of charging station in operation, including CODA 
Energy's Eco Station solar-plus-storage EV fast charging station project, and Nissan's solar-plus-
storage charging station project at its factory in Smyrna, Tennessee. 

In terms of fast charging stations, energy storage systems can efficiently address the severe 
impact to grid load and power caused by operating many high-power DC fast charging devices 
simultaneously. At present, several fast chargers have already begun using energy storage 
systems to address this problem, including the charge@work fast charging station (Germany), 
and the Lancaster Museum of Art & History EV fast charging station (California). 

In demand response charging, EV owners may modify their charging behavior in response to 
incentives or pricing policies, selecting the best option for their vehicle, usually selecting times 
when grid load is low or renewables output is high.  When there is large-scale popular EV usage, 
demand response charging will ease grid peak demand and other aspects. At present, several 
research institutions, auto companies, and utilities have already begun development of demand 
response charging related research, including the GreenStation energy storage and EV smart 
charging project (US), and the BMW-PG&E joint demand response charging demonstration 
project (US). 

3.3 Second-life batteries in stationary energy storage 

Typically, as the charging capacity of an EV battery gets below 70%, it is no longer suited for use 
in a vehicle. EV battery second-life usage is an effective low cost measure to address this 
problem. As the NEV market booms, China is expected to have up to 50 GWh of second-life 
batteries by 2030. 

At present, the US, Germany, Japan, and several other countries have already developed many EV 
battery re-use projects, with participants including battery manufacturers, battery recycling 
companies, automakers, electric companies, drivers, third-party companies, and others. It must 
be pointed out that, in order to realize the secondary usage of EV batteries in the energy storage 
sector, there are many problems that urgently need to be resolved in terms of technology, 
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economics, management systems, and other aspects. Thus the efforts of all parties are required 
to realize the secondary life usage of EV batteries.  
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Chapter 3 - Outline of the Energy Internet and 
Opportunities for Energy Storage 

1  The Energy Internet and its components 

In his book The Third Industrial Revolution, American scholar Jeremy Rifkin laid out a vision for 
the Energy Internet. On the basis of Rifkin’s vision and research from various research 
institutions, we present our definition of the Energy Internet: 

“A shared, two-way energy and information network that relies primarily on 
renewable energy, and integrates natural gas, thermal power, and transportation 
networks with the electrical grid via information communication technology. The 
Energy Internet includes a high proportion of distributed elements, information 
technology components, and energy storage devices.” 

The Energy Internet is an energy and information network that is comprised of electrical, 
transportation, and natural gas systems.  

 The electric grid is the core of the Energy Internet. It is characterized by a high degree 
of distribution and is driven primarily by renewable energy resources in order to make a 
“flat” grid, as opposed a traditional “top-down” grid. 

 Transportation, natural gas, and electric systems are the energy junctions of the Energy 
Internet. 

 Information networks form the nervous system of the Energy Internet. They guarantee 
the safety and efficient operation of the Energy Internet. 

2  Research on the Energy Internet 

At present, the United States, Germany, Switzerland, and Japan are leading research into the 
Energy Internet. Their research is primarily focused on the integration of information and 
communication technologies (ICT) and the electricity grid. Each country has its own areas of 
focus. 

 The United States’ FREEDM research project focuses on distributed resources on the 
distribution grid. On the basis of the Internet as a conceptually and structurally open 
and equal network, research has focused on integrating ICT systems and distributed 
generation to achieve a balanced energy supply. 

 Germany’s E-Energy plan is approaching the Energy Internet concept by using ICT to 
optimize the electric grid. By using the Internet as a data collection mechanism, 
operators can better dispatch resources in the energy network, and optimize 
generation, T&D and usage. The information network supports decision-making in the 
energy network. 

 Switzerland’s Future Energy Network Outlook and Energy Internet is similar to Jeremy 
Rifkin’s multi-network integration concept. It focuses on the integration of different 
energy sources to achieve a unified system of electrical, thermal, and chemical energy 
in transmission and usage. 
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 Japan is focusing its efforts on developing a digitized electric system. Researchers hope 
to create an Energy Internet system that integrates its component information and 
energy networks to the extent that, on a structural level, they become 
indistinguishable. Through development of digital grid routers, researchers hope to 
achieve intercommunication between energy and information, manage generation and 
load devices, allocate energy, and maximize the use of renewable energy sources. 

 Research on the Energy Internet in China is in its early stages. As the concept becomes 
accepted in different circles, we expect to see the integration of energy and 
information networks in areas such as distributed resources, microgrids, demand-side 
management, energy performance contracting, and data-based services. 

3  Prospects for the Energy Internet and opportunities for energy storage  

3.1 Prospects for the Energy Internet 

The development of the Energy Internet will depend on the development and popularization of 
ICT and Internet technologies. Additionally, the presence of flexible and open markets is also a 
key factor in the development of the Energy Internet.  

Starting in March 2015, China began releasing policy documents initiating a new round of power 
sector reforms after years of silence. China will undergo reforms in electricity generation, retail, 
and usage. For specific reforms, see Table 5. 

Policy Publishing Authority Date 
Several Opinions of the CPC Central Committee and the 
State Council on Further Deepening the Reform of the 
Electric Power System 

State Council 2015-03-15 

Guidance on Improving Power Sector Operation to Enable 
More Generation and Full Generation of Clean Energy NDRC, NEA 2015-03-20 

Notice on Perfecting Urgent Mechanisms to Conduct City 
Pilot Demand-side Management NDRC 2015-04-07 

Notice on Hastening Implementation of Policy No. 9-related 
Transmission and Distribution Reforms NDRC 2015-04-13 

Guiding Opinions on Establishing Guaranteed Long-Term 
Purchasing Mechanisms for Renewable Energy 

General Office of the 
Government of Inner 

Mongolia 
2015-03-13 

Notice on Conducting Preparation Work for Renewable 
Energy Electricity Quota Enforcement 

Hubei Energy 
Administration, Hubei 

Development and 
Reform Commission 

2015-03-31 

Source: CNESA 

These policies have outlined a relatively clear power reform roadmap. Moving forward, changes 
in the following aspects will have a far-reaching impact on the power sector: 

 Independent pricing of transmission and distribution, transforming grid company 
business models; 

 Changes to electricity price-setting through the formation of market mechanisms; 

 Increased competition in generation and retail as retailing bodies become more 
diverse; 

 Ancillary services pricing as ancillary service markets open up; 

http://www.gov.cn/xinwen/2015-03/23/content_2837637.htm
http://www.gov.cn/xinwen/2015-03/23/content_2837637.htm
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 Increased emphasis on demand-side management, and the formation of different kinds 
of power services providers; 

 A transition from fossil fuels to renewables, and the opening of distributed resource 
markets. 

Even though this round of power reform did not touch on the Energy Internet, it has nonetheless 
become a hot topic among those in China’s energy sector. On April 4th, 2015, the NEA held a work 
meeting on the Energy Internet, presenting research establishing a national Energy Internet 
Action Plan. This plan emphasizes models for distributed resources, microgrids, demand-side 
management, energy performance contracting, and data-based services. This dovetails with 
many elements of power sector reform: 

 Renewables and distributed resources serve as a basis for developing the Energy 
Internet. 

 Reform of power retail opens up a market space for the Energy Internet. 

 The consumer-side energy consumption revolution is an important element in the 
Energy Internet. 

As power sector reform continues to deepen, China’s energy markets will create better conditions 
for the development of an Energy Internet. At the same time, the integration of the Internet and 
energy markets will promote the energy production and consumption revolutions. The Energy 
Internet has a very promising future in China. 

3.2 Opportunities for energy storage in the Energy Internet  

Energy storage is a critical component of the Energy Internet, and is critical to its success. Energy 
storage includes key enabling technologies to support high renewables penetration. 

 Energy storage is the foundation for achieving widespread distributed energy and 
microgrid deployment. 

 Energy storage eliminates the bottlenecks arising from the need for the power grid to 
be “in-step” from generation through consumption. It is a prerequisite for energy 
sharing. 

 Energy storage technologies are the links between networks. 

Energy storage is expected to play an important role in many aspects of the Energy Internet. As 
research on the Energy Internet continues, valuable applications for energy storage will become 
clearer and its scope will expand. The prospects are quite good for energy storage technologies in 
the context of the Energy Internet. 
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Chapter 4 - Energy Storage Outlooks 

1  Global energy storage outlook 

1.1 Current state of global energy storage 

In 2014, the global energy storage market continued to grow. According to CNESA’s incomplete 
statistics, as of the end of 2014, grid-connected energy storage capacity globally (not including 
pumped hydro, compressed air, or thermal storage) was 845.3 MW. 2014 saw 111.6 MW of new 
installed capacity and an annual growth rate of 15% – 2 percentage points higher than the year 
before. Total installed capacity in China was 84.4 MW, accounting for 10% of the global total. 

In terms of geographical distribution, the United States had the largest deployment in terms of 
number of projects and capacity. As of the end of 2014, there were 95 energy storage projects in 
the United States with a total installed capacity of 357 MW. In installed capacity, Japan came in 
second place with nearly 310 MW. In terms of number of projects, China was closely behind the 
United States with 63 projects. In 2014, the United States added the most capacity (34.4 MW), 
followed by China and Europe with 31 MW and 27.7 MW, respectively.  

In terms of technologies, installed capacity from sodium-sulfur batteries was greatest, 
accounting for 40% of total global capacity (not including pumped hydro, thermal or compressed 
air energy storage). Following this was lithium-ion and lead acid batteries, accounting for 33% 
and 11% respectively. In 2014, lithium-ion batteries comprised 71% of newly installed capacity, 
followed by flywheels at 20%.  

In terms of application, energy storage is primarily used in renewables integration, ancillary 
services, T&D, distributed generation, and microgrids. Of these, renewables integration was the 
largest application at 45% of total installed capacity, with 379 MW. For newly installed capacity in 
2014, behind-the-meter applications were most common (43%), followed by ancillary services 
(28%) and T&D (19%).  

In terms of companies, the top energy storage manufacturers include NGK, A123, Younicos, BYD, 
Beacon Power, CALMAC, and others. Their technologies include sodium sulfur batteries, lithium-
ion batteries, lead acid batteries, flywheels, vanadium redox flow batteries, and ice storage. 
Among these companies, NGK has the largest installed capacity, with 330 MW. BYD has the 
largest capacity among Chinese companies with about 55 MW. 

In terms of investments, according to CNESA’s incomplete data, in 2014, 12 companies including 
Stem, Aquion Energy, and Meineng Energy raised a total of $400 million via financing, stocks, and 
loans. Companies with innovative technologies or business models were most likely to receive 
funding. 

In terms of project models, information collected by CNESA shows there are three new project 
models: leases, retail models, and EV charging models.  

1.2 Global energy storage outlook 

By carrying out research on the state of the industry in the past year, the CNESA research team 
has summarized reports from international research companies and organizations that forecast 
the future of the energy storage market. Table 6 shows these forecasts in different fields. 
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Table 6: Energy storage market forecasts, 2014 

Area Source Prediction 

Energy storage market 

IHS • By 2022, grid-connected energy storage will exceed 40 GW 

Navigant Research 

• By 2023, the global advanced battery energy storage 
market will reach $46.5 billion； 

• By 2020, global grid storage, community storage, 
commercial storage and residential storage markets 
together will reach $21 billion； 

• By 2024, revenue from energy storage technology globally 
will reach $21 billion. 

Renewables1 IRENA • By 2030, global energy storage will reach 400-600 GW, of 
which 325 GW will be pumped hydro 

Distributed storage Navigant Research 

• By 2018, global energy storage will reach 2400 MW; 
• By 2024, global energy storage will reach 12000 MW; 
• By 2024, revenue from distributed energy globally will 

reach $16.5 billion 

Microgrids Navigant Research 

• By 2024, the global energy storage market will reach $42 
billion 

• By 2024, revenue from flexible generation in microgrids will 
reach $1.4 billion 

Commercial storage IHS CERA • By 2017, the global energy storage market will reach $19 
billion 

Grid and ancillary services Navigant Research • By 2024, global installed energy storage capacity will reach 
20.8 GW, with revenues of $68.5 billion 

Commercial/industrial 
demand response Navigant Research • By 2023, revenues from energy storage globally will reach 

$38 billion 

Electric vehicles Navigant Research 
• By 2023, charging services for plug-in EVs globally will be 

worth $2.9 billion 
• By 2024, EV integration will reach $20.7 million 

North American market 

IHS • By 2018, capacity from solar-plus-storage systems will 
reach 700 MW 

GTM Research 
• Between 2014-2020 the US will deploy 720 MW of 

distributed energy storage 
• By 2015, US energy storage capacity will reach 220 MW 

Source: CNESA 

2  Chinese energy storage outlook 

2.1 Current state of the Chinese energy storage market 

According to CNESA’s incomplete data, by the end of 2014, grid-connected energy storage 
capacity in China (not including pumped hydro, compressed air, or thermal storage) reached 84.4 
MW. New installations in that year reached 31 MW, with a growth rate of 58%. This is 14 
percentage points higher than the previous year. 

In terms of technologies, lithium-ion batteries had the highest capacity (74%), followed by lead 
acid (14%) and flow batteries (10%). These three technology types make up nearly the entire 
Chinese market (98%). 

In terms of applications, behind-the-meter storage applications had the highest capacity (50%), 
primarily located in islands, remote areas, industrial parks, low-carbon pilot towns, etc. 
Renewables integration (27%) and electric vehicles (13%) were the next most common 

                                                             
1Includes renewables, self-consumption and grid feed-in from distributed generation, and concentrated solar and 
wind. 
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applications. Renewables integration applications are concentrated on wind farms, while electric 
vehicle applications are focused on solar-storage charging stations, vehicle-to-grid applications, 
demand response charging, and second-life batteries. 

2.2 Outlooks for Chinese energy storage markets  

The energy storage industry in China is still nascent and struggling with a development model 
that can be described as “technologies pushing applications, applications pushing policies.” 
However, in the last two years, and particularly in 2014, the government has released a series of 
policies designed to create opportunities for energy storage on a wide scale. The four most 
interesting areas are: 

 Solar-plus-storage 

 Demand-side management 

 Frequency regulation and ancillary services 

 Electric vehicles 

  



 

17 

Chapter 5 - State of Energy Storage Technologies 
This section focuses on the hot topics and emerging technologies of 2014, including hydrogen, 
natural gas storage, and sodium-based batteries. It examines updates on domestic and 
international energy storage standardization work. It also summarizes CNESA’s progress in 
promoting energy storage application standardization. 

1  Hydrogen storage 

In the technology section of our 2014 white paper, we described aspects of the hydrogen 
industry, including definitions, characteristics, development progress, global patterns, and 
technologies enabling the production, storage, transmission, and consumption of hydrogen. On 
that basis, this section examines the hydrogen industrial chain, discusses applications for 
hydrogen storage and fuel cells, and analyzes the state of the hydrogen industry in China. 

1.1 Overview of the hydrogen industrial chain 

The hydrogen industry includes the manufacturing, storage, transmission and consumption of 
hydrogen. Over years of development, the industry has shown some general trends: 

 Companies in the hydrogen power industry are primarily involved in hydrogen 
production and fuel cells. With the exception of large-scale traditional gas producers, 
companies in hydrogen power have formed only within the last ten years. 

 In terms of hydrogen production and provision, large-scale industrial gas companies 
typically rely on natural gas reforming, while on-site distributed producers employ 
electrolysis.  

 In terms of transmission and storage, hydrogen storage determines how hydrogen can 
be transported. High pressure storage tanks, the most common method, rely on gas-
based storage and transmission. There are very few pipeline projects, and solid-state 
hydrogen storage is still mostly in the research stage. There are very few companies 
that are specifically developing hydrogen storage and transmission services. 

 In terms of usage, the primary mode of hydrogen consumption is fuel cells. The 
chemical industry is the largest consumer of hydrogen, but only in use as a raw 
material, not as a source of energy. 

 In terms of natural gas and hydrogen hybrid systems, two effective trial methods for 
long-distance transmission and on-site consumption of renewables-produced hydrogen 
gas are power-to-hydrogen systems and hydrogen-enriched compressed natural gas 
(HCNG).  

Costs and lifespan are two problems facing the hydrogen industrial chain. In the future, as the 
penetration of renewable energy increases and hydrogen production technologies improve, the 
efficient, safe, and large-scale production of hydrogen gas using clean wind and solar power will 
become possible. Hydrogen is expected to play an important role in energy storage, and energy 
systems based on hydrogen will have more opportunities to develop. 
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1.2 Applications for hydrogen and fuel cells 

Fuel cells have become the main use of hydrogen in clean energy. In our 2014 white paper, 
we analyzed the three main applications for hydrogen fuel cells: mobile applications, stationary 
applications, and transportation applications. Here we examine the state of the markets in each 
of these applications. 

Stationary applications for fuel cells 

Stationary applications for fuel cells refer to uses of fuel cells in data centers, commercial 
buildings, industrial enterprises, in residences, or in large-scale power plants to produce clean 
and reliable electricity and thermal energy. These fuel cells are primarily used to provide backup 
power, or operate in micro-CHP systems and distributed CHP stations.  

Stationary applications account for the largest installed capacity of fuel cells globally. They are 
also the applications with the fastest growth rates. According to data from the DoE’s 2013 Fuel 
Cell Technologies Market Report, the total installed capacity of fuel cells in stationary applications 
reached 150 MW in 2013, accounting for 90% of the total capacity from fuel cells. 

Fuel cells in transportation  

In transportation applications, fuel cells are primarily used in passenger cars, public buses, 
materials transportation, refrigerated cars, pushback tractors and shuttle buses in airports, and 
auxiliary power units in airplanes. Of these, fuel cell-powered materials handling equipment has 
already been commercialized. 

In December 2014, Toyota developed the world’s first commercial fuel cell passenger vehicle, the 
Mirai. Other global car manufacturers such as Hyundai are also commercializing their own fuel 
cell vehicles. At present, comprehensive fueling infrastructure and government subsidies are the 
most critical factors determining the marketization and pace of deployment of fuel cell vehicles. 

Portable fuel cell applications 

Portable applications refer to the use of fuel cells to power small mobile and portable devices. 
These include fuel cell boxes, military field equipment, small fuel cell chargers, electronics power 
supplies, toys, long-distance remote power supplies, and industrial auxiliary power units. 

Proton exchange membrane fuel cells (PEMFC) and direct methanol fuel cells (DMFC) are the 
main technologies in portable fuel cell applications. They face competition from lithium-ion 
batteries, lead acid batteries, NiMH batteries, and others. Because fuel cells lack a market niche 
and business model, they lack an advantage over lithium-ion batteries, lead acid batteries, etc. 
This has resulted in slow growth for fuel cells in portable applications, as well as limited market 
share and few commercial-ready products. 

1.3 Government policies and the state of the Chinese hydrogen industry 

Chinese policies on the hydrogen industry 

The Chinese government has not released specific policies or development plans to guide the 
hydrogen industry. In 2014, the State Council released the first document to include hydrogen 
power under the auspices of energy policy, the Energy Development Strategy Action Plan (2014-
2020). This document listed hydrogen power and fuel cells as one of 20 important innovation 
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fields. 

At present, government policies relating to hydrogen power and fuel cells are primarily found in 
research support plans and new energy vehicle promotion.  

State of the Chinese hydrogen industry 

 In the last two years, the Chinese hydrogen industry has been driven by international industry 
developments and by large-scale growth of grid-connected renewables. The industry’s 
development trends and application models are beginning to become more diverse as 
demonstration projects in fuel cell backup power, renewables-produced hydrogen and 
hydrogen/natural gas hybrid systems come online. Specifically, the Chinese hydrogen industry has 
experienced the following trends: 

 Chinese coal-to-hydrogen purification technology is moving towards the forefront 
internationally; 

 International partnerships and competitions have created opportunities to develop fuel 
cell vehicle demonstration projects; 

 The telecommunications backup power market is moving to the fore, and installed 
capacity is rising every year; 

 Wind-powered hydrogen production demonstrations are increasing, as is research into 
using hydrogen power to address renewables consumption issues; 

 HCNG is being developed as a vehicle power source, and combined hydrogen/natural 
gas systems are garnering attention. 

Current issues in China’s hydrogen industry 

Although China’s hydrogen industry has made progress in terms of research and demonstrations, 
many aspects of its development are still unclear. Hydrogen power has not yet been accepted by 
a wide audience as a clean energy source. It is also unclear how to link up parts of the hydrogen 
industrial chain, including production, storage, transmission, and consumption. How to integrate 
hydrogen power into renewables, transportation, power, and natural gas systems is also 
problematic. In terms of the Chinese hydrogen industry, challenges and barriers to development 
can be summarized in the following: 

 China’s hydrogen industry lacks top-level planning. 

 The petrochemical industry is still China’s largest consumer of hydrogen. The hydrogen 
market needs to open up in accordance with national needs. 

 High-efficiency PEMFC technology in China is still behind international standards. 

 High costs, an immature industrial chain, and difficulties in localization and mass 
production are preventing the commercialization of fuel cells. 

 Norms and standards for hydrogen power and fuel cells are not well-developed, making 
it difficult to adapt to marketization. 

 The Chinese auto industry is behind international automakers in terms of 



 

20 

developments in fuel cell vehicles. 

2  Natural gas storage 

2.1 Introduction to natural gas storage technology 

Natural gas storage can be classified into three different types: gas storage, liquid storage, and 
solid storage. Gas storage mainly includes underground gas storage, gas tank storage, pipeline 
storage, compressed natural gas (CNG), adsorbed natural gas (ANG), and near-critical liquefied 
storage. Liquid storage primarily refers to LNG storage, while solid storage primarily refers to 
natural gas hydrate (NGH) storage. At present, the main storage method is gas storage, while the 
scale of other storage methods is small. 

Within the gas storage category, underground reservoir storage provides high capacity, safety, 
low construction and operating costs, and long operating lifetimes. This is the currently the 
primary method of natural gas storage worldwide. It is also the most common and most 
economical method for providing peak power to cities. This section examines underground 
natural gas storage and its development in China. 

2.2 Gas-based natural gas storage technology 

Underground storage is classified by geological type: depleted oil and gas fields, aquifers, salt 
caverns, and abandoned coal mines. 

Depleted oil and gas fields – This is the most commonly used and oldest storage method 
worldwide. It is also the most common gas storage method in China. This method uses the field’s 
original production wells in addition to supplementary gas wells to store gas safely in large 
quantities. Some of the original oil and gas field equipment can be used, thus reducing 
construction times, necessary investments, and costs. 

Aquifer storage – This storage method requires water to be pumped out of sandstone or sand-
layer caverns to be replaced with natural gas. This storage method can store a vast amount of gas 
– billions of cubic meters. Cycling occurs once per year. However, it is difficult to manage the gas-
water interface, construction times are long, investments and costs are high, and risks are higher.  

Salt caverns – This storage method is currently a hot research topic. Using man-made 
mechanisms, developers create a cavern within a salt layer or salt dome to store natural gas. This 
method uses a high rate of cushion gas (when necessary, this cushion gas is completely 
recoverable) and high injection and withdrawal rates relative to working gas capacity.  There are 
4-6 injection/withdrawal cycles each year. Construction can be divided into sections as needed, 
and can be put into operation quickly. The disadvantages are that investment and operation costs 
are high, storage capacity is low, and the process is technically challenging. 

Abandoned coal mine storage – This refers to natural gas storage in coal mines or other 
abandoned caverns. Construction of this method of storage is inexpensive, but there are serious 
drawbacks. Withdrawn gas undergoes changes in quality while in storage, resulting in reduced 
calorific value. Sealing is also a problem, so there is a danger of gas leaking to the surface. 

At present, the most common storage technologies in China are oil and gas field storage and salt 
cavern storage. There are relatively few applications of aquifer storage or abandoned mine 
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storage.  

2.3 Current status and planning of natural gas storage in China 

Since 1999, China has built the Dagang Gas Storage Facility, the Jing 58 Gas Storage Facility, and 
the Liu Zhuang Gas Storage Facility. In 2013, following the commissioning of six gas storage 
facilities including the Suqiao facility in north China, the Hutubi facility in Xinjiang, and the 
Xiangguosi and Liaoheshuang facilities in Chongqing, the amount of newly installed working gas 
capacity rose to 11.6 billion cubic meters. As of the end of 2013, China’s total working gas 
capacity (including from the Sinopec Wen 96 facility in the Zhongyuan oil field) reached 16.492 
billion cubic meters. The majority of this capacity was available in oil and gas fields, and was 
primarily distributed near gas sources, natural gas consumption centers, and near key pipelines.  

However, the process from investment to acquiring working gas capacity is very long, and 
seasonal peaking demand is rising year by year. China’s capacity to build gas storage is seriously 
lacking. Construction of gas storage facilities needs to increase rapidly in accordance with the 
layout of pipeline systems. 

According to existing plans, the amount of working gas storage to be added during the 12th five-
year plan period will be about 22 billion cubic meters. This accounts for 9% of the total natural 
gas consumed in 2015. Peaking and emergency storage for cities has reached 1.5 billion cubic 
meters. In the future, it is expected that China will create four regionally networked storage hubs: 
a northeast China hub, north China hub, lower Yangtze hub, and Pearl River delta hub. 

Operations management and pricing mechanisms for Chinese gas storage 

China’s natural gas industry is fully incorporated in large, state-owned petroleum companies such 
as Sinopec and the China National Petroleum Corporation, which manage the manufacturing, 
transportation, storage, and sales of natural gas. Although there has been national investment in 
gas storage facilities since 2010, the gas storage model has not experienced any fundamental 
changes. 

At present, gas storage serves as ancillary equipment for pipelines, and lacks a separate price. 
Any investments and costs are bound together with the economic estimates of the pipeline. 
Relevant storage costs are rolled into the pipeline fee, and are collected as a whole. There is not 
separate accounting for gas storage within the natural gas pricing system. For example, the NDRC 
reported in 2003 that the average price across the West-to-East gas pipeline (including gas 
storage) was 0.79 yuan per cubic meter.  

2.4 Challenges facing Chinese gas storage 

At present, underground storage is the primary source of gas peaking power. Here we look at the 
challenges facing underground storage construction, operations, and markets. We also provide 
policy recommendations. To drive the creation of an effective market, improved policy 
mechanisms are needed to address the following issues. 

 Responsibility for gas storage is unclear. 

 There is a lack of construction standards for gas storage, resulting in security risks. 

 Oversight is poor and legal frameworks are weak. 
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 Prices are opaque, preventing market competition. 

 There are no business models, and capital investment is inactive. 

3  Sodium batteries 

Sodium batteries produce electricity by converting chemical and electrical energy via the gain 
and loss of electrons in sodium ions between the anode and cathode. Sodium batteries currently 
in research or application stages include sodium-ion batteries, aqueous ion batteries, sodium-
sulfur batteries, ZEBRA batteries (sodium nickel), etc. 

3.1 Sodium-ion batteries 

The structure and principles behind sodium-ion batteries are similar to lithium-ion batteries. The 
cathode and anode are made of active materials that can easily take or give electrons. The 
electrolyte is either dissolved sodium ions in organic solvent, or salt-doped solid polymer. 
Because the raw materials for sodium-ion batteries are inexpensive and the batteries have a high 
capacity, they have become a hot research topic in the field of energy storage. At present, 
development in sodium-ion battery technology is experiencing the following trends: 

 Analogues of cathode and anode materials in lithium-ion batteries are being 
researched for application in sodium-ion batteries.  

 Although research into lithium-ion battery materials can be useful to some extent in 
sodium-ion battery development, independent research and design towards new 
sodium-ion battery systems is needed due to sodium’s unique physical-chemical 
properties and the crystal structure and reaction mechanisms of battery electrodes.  

 On the basis of lithium-ion battery research, there is research focusing on how 
electrode materials can be designed to embed different kinds of alkali metals. This can 
significantly increase battery capacity and useful applications. 

3.2 Aqueous sodium-ion batteries 

Aqueous sodium-ion batteries use water in the electrolyte solution. In comparison with liquid 
organic solutions, aqueous batteries are significantly cheaper and safer. At present, aqueous 
systems can be divided into two broad categories: 

Asymmetric capacitive aqueous sodium-ion batteries 

The anode uses activated carbon with high surface area to exploit sodium-ion 
adsorption/desorption reactions. The cathode uses high potential embedded sodium 
compounds; these are embedded or released during reaction. These batteries are also called 
hybrid aqueous sodium-ion batteries. 

Because this reaction principle is simple and the raw materials are both cheap and abundant, 
these batteries are attractive for use as grid peaking capacity, distributed storage and more. The 
US-based company Aquion Energy is currently developing this battery technology.  

Embedded aqueous sodium-ion batteries 

Charging occurs as sodium ions are released from the cathode lattice structure into solution. At 
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the same time, sodium ions in solution then become embedded in the anode lattice structure. 
During discharge, this process is reversed.  

At present, Alveo Energy is developing a new series of low-cost aqueous batteries based on these 
materials. 

3.3 Low-temperature sodium-sulfur batteries 

In our 2011 white paper, we examined sodium-sulfur batteries in detail. At present, applied 
sodium-sulfur batteries usually require high operating temperatures (300-400°C). Because of 
these high temperatures, there are strict requirements for materials, manufacturing processes, 
battery design and system safety. As such, low-temperature sodium-sulfur batteries have become 
a key focus of research. 

Intermediate-temperature sodium-sulfur batteries 

Recently, researchers at the Pacific Northwest National Laboratory have conducted research on 
intermediate-temperature sodium-sulfur batteries. They have designed flat plate batteries with 
some degree of success. This structure uses 600μm-thick β-Al2O3 ceramic sheets as an 
electrolyte, and a NaI tetraethylene glycol dimethyl ether solution as a cathode solvent. This 
provides reasonably good electro-chemical function below 150°. 

Room temperature sodium-sulfur batteries 

Current research on room temperature sodium sulfur batteries takes advantage of previous 
research into lithium-sulfur batteries, so these batteries face similar issues. They are limited by 
low cathode electrochemical reactivity and the solubility of discharge products in the electrolyte 
solution. Room temperature sodium-sulfur batteries have low cathode active material utilization 
rates, and there are issues with cycling functionality. These problems seriously limit performance 
and practical application. In 2014, a team led by Guo Yuguo of the Chinese Academy of Sciences 
Chemistry Division developed a working prototype of a room-temperature sodium-sulfur battery 
using small sulfur molecule cathodes, sodium anodes and carbonate electrolyte. Experiments 
showed improved performance and a cycling life lasting over 200 cycles, higher than previously 
reported sodium-sulfur battery systems.  

3.4 ZEBRA batteries (Na-beta batteries) 

ZEBRA batteries are rechargeable batteries invented by Dr. Johan Coetzer at South Africa’s Zebra 
Power Systems in 1978. They are based on Beta-Al2O3 ceramic electrolyte. They are also called 
Na-Beta batteries. These batteries employ liquid sodium anodes, metal chloride (NiCl2 and small 
amounts of FeCl2) cathodes, and sodium-ion conductor β-Al2O3 ceramic electrolyte. 

During the discharge process, the sodium ions produced from oxidization of the metallic sodium 
anode travel to the NiCl2 cathode via the β-Al2O3 ceramic electrolyte and a secondary electrolyte 
composed of molten sodium chloride and aluminum chloride. During the charging process, this 
process is reversed.  

3.5 Comparison of sodium battery types 

Table 8 compares the four battery types described above. 
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Table 8: Comparison of sulfur battery development 

Technology Advantages Disadvantages Application 
stage Development trends 

Sodium-ion 
batteries 

Low cost, high energy 
density 

Short lifecycle, 
poor operating 

stability 
Basic R&D 

Improve cycle life by focusing on 
characteristics unique to sodium 
ions; develop high performance 
materials  

Aqueous 
sodium-ion 

batteries 
High safety, low cost Low energy 

density 
Early-stage 
application 

Develop new electrode materials 
to improve cycle life 

Sodium-sulfur 
batteries 

Low materials cost, high 
energy ratio 

High 
temperature, 

low safety 

Widespread 
application 

Make use of lithium-sulfur 
research; develop room-
temperature battery systems 

ZEBRA 
batteries 

High safety, high cycle 
life, tolerant of over-
charging/discharging 

High 
manufacturing 

cost, low power 
density 

Early-stage 
application 

Reduce operating temperature 
and impedance; improve 
discharge rate 

Source: CNESA 

Although the sodium battery systems are presently lacking in terms of performance and 
development, they hold promise in terms of scale, safety, low costs, high energy and power 
density, and long lifespans. More research and evaluation is needed in key battery materials and 
reaction surfaces in order to strengthen electrochemical performance, safety, and reliability. 
Because sodium batteries lend themselves to energy storage applications, more work will be 
needed on the industrialization of these batteries, in addition to improvements in performance. 
This will help battery producers find suitable applications, and help reduce storage system costs 
and improve the effectiveness of battery systems.  

4  Other technologies 

Development in other energy storage technologies continued to be strong in 2014.  
Storage technologies including liquid metal batteries and liquefied air batteries are coming online 
in pilot operations, and were bright spots in energy storage R&D in 2014. We observed several 
characteristics of energy storage R&D in 2014: 

 Flow battery developers are working on finding new electrolyte solution systems.  

 Lithium battery developers are investigating new electrolytes, and are looking to silicon, 
metallic lithium and other anode materials to improve energy density and cycling life. 

 Lithium-sulfur batteries are a promising trend in high-energy battery storage 
technology 

 Lithium-air batteries are still in development, and they still need time to reach practical 
application. 

5  Energy storage standards and the CNESA standards inspection platform 

Here we present an update on the standardization of the energy storage industry. We describe 
CNESA’s standards inspection platform, begun in 2014. We hope readers will put forward 
suggestions as this process unfolds. 
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5.1 Standardization work in China and abroad 

At present, there are a number of organizations working on energy storage standardization. The 
most internationally influential are the International Electrotechnical Commission (IEC) and the 
Institute of Electrical and Electronics Engineers (IEEE). In China, the most influential are the China 
Electricity Council (CEC), the China Electrical Equipment Industry Association (CEEIA), and State 
Grid. These organizations have produced results in the fields of energy storage standardization 
and in other areas closely related to energy storage (see Figure 1).  

Energy storage 
standardization 
organizations

International

Chinese

IEC

IEEE

Others

TC4：Hydraulic turbines
TC21：Secondary cells and batteries
TC69: Electric road vehicles and electric industrial 
trucks
TC105：Fuel cell technologies
TC120：Electrical Energy Storage (EES) systems

Lead-acid battery standards
Standards for energy storage in distributed 
microgrids
Standards research in smart grid energy storage

CENELEC
Lead acid battery standards
（changed to IEC standard）

CLE/WS05，flow battery standards

VDE
Distributed generation standards
Limited content on energy storage

CSA

CEC

Pumped hydro standards
Standards in power systems

CEEIA

Pumped hydro standards
Lead acid battery, fuel cell, and flow battery 
standards
Electrical device standards

State Grid

Energy storage station standards
Energy storage grid connection standards
Energy storage system testing standards

 

Figure 1：Status of Energy Storage Standardization 

5.2 Energy storage standards within specific applications 

The standardization of energy storage within specific applications is still in its early stages, both in 
China and internationally. In contrast with more mature technologies such as pumped hydro and 
lead-acid batteries, the standardization process for electrochemical storage is still in the 
preliminary stages of term definition, access, and standards establishment.  

 Research on practical standards for lead-acid batteries is the most comprehensive 
among storage technologies. The IEEE has established standards for lead-acid batteries 
for use in remote areas, renewables integration, and stationary applications 

 Standards regarding electric vehicle batteries are numerous, but are limited to drive 
batteries and EV charging. There is a lack of standards governing electric vehicles as 
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components in the power system. 

 Progress has been made recently in standardizing energy storage within microgrids, but 
overall this work is still in its early stages. There are only sporadic descriptions of energy 
storage in these standards. 

 There is both Chinese and international research on grid-connected batteries, including 
the IEEE P2030.2 Draft Guide for the Interoperability of Energy Storage Systems 
Integrated with the Electric Power Infrastructure, and P2030.3 Standard for Test 
Procedures for Electric Energy Storage Equipment and Systems for Electric Power 
Systems Applications, as well as some Chinese standards. However these standards are 
mainly limited to system safety and testing, and a gap remains in standardizing specific 
energy storage technology requirements.  

Although there is still a lack of standards regarding energy storage within specific applications, 
some government supported projects and private sector RFPs have produced practical 
requirements and performance benchmarks. Examples include California’s SGIP, the US DOE 
SHINES Plan, ConEdison’s Demand Management Program, and the PJM frequency regulation 
market.  Standards can be drawn from these programs. 

5.3 The CNESA Standards Inspection Program 

Since 2014, CNESA has conducted research on energy storage standardization. Using the Beijing 
Science Commission’s lithium-ion platform as a foundation, we took lithium-ion battery storage 
as a starting point. In partnership with the China North Vehicle Research Institute, the China 
General Certification Center, and the Mechanical Industry Beijing Electrotechnical Economics 
Research Institute, we established a joint technology platform for lithium-ion batteries used in 
energy storage. We hope that this platform will be a starting point towards establishing 
comprehensive standards and promoting orderly industry development. 

The platform aims to provide product evaluation, as well as certification, consulting and training 
services for stakeholders in the areas of smart grids, distributed resource grid-integration, and 
distributed generation. These stakeholders include battery manufacturers, lithium-ion battery 
system integrators, storage project operators, government departments, and investors.  
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