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Preface 

能源产业高速增长的粗框式发展时代已经一去不复返。为提高能效及相关的资源配置

效率，国家重新开始了推动电力市场化改革的进程。直购电的出台、电力的主辅分离带来

的市场化改革、微网项目的各地开花，这些都说明 2003 年开始，但随后停滞的中国电力市

场化进程将重新回到既有轨道。以分布式光伏为推动的新的电力模式，2014 年创造性开启

了 8GW 的装机目标，将会对中国未来的电力模式产生深远影响，新的能源体系必然会给

中国的信息、建筑、汽车、金融等各相关行业带来新的投资和产业增长机会。  

全球的储能革命在不断深化，AB2514 法案推动了加州 2020 年总计 1.3GW 储能项目规

划，储能项目的金融创新模式在加州已经得到了各方的参与，带动了银行资金进入并做资

产配置，像 SolarCity 模式一样，该方式已经产生了稳定的固定收益。但由于应用模式的欠

缺，中国的储能产业还泥沼中前行，产业始终面临着技术、应用和市场机制的三重挑战。

传统能源体制和机制相对僵化、非市场化状态，导致政府对储能产业的投入并不能有效配

置到行业发展的关键环节，无论是关键技术的基础研发，还是产业化所需要的大量社会资

本的参与，产业都缺乏有效的方法进行高效的资金资源配套。  

储能行业发展需要有系统的解决方案，需要考虑不同社会力量的参与机制，包含用电

主体(电网、电力公司、电力用户)、企业和企业家、科学院所的科学家与工程技术人员、

金融组织、社会组织。让机制解决问题，通过市场解决问题，提高资源的配置效率。对行

业协会等社会组织，产业基金等金融组织，政府在做投入时，需要通过体制变化解决客户

问题，加大对行业组织、金融机构的扶持力度，引入社会资本共同参与对企业和技术的扶

持。 

国家正逐步加强对这个领域的重视。我们正在朝这个方向前进，但由于传统的体制惯

性，过程并不顺利。影响最终用户的市场政策，支持基础研发的科技投入、企业的市场金

融政策环境、政府对专业产业资金的支持方式、中立第三方行业组织所获得的支持及运行

方式都存在着诸多不尽如人意的地方。这需要我们储能的从业者更多的耐心。 

信息技术的高速发展正迅速的改变社会。由信息技术融合新一代能源技术支撑的能源

大数据将对能源行业造成的变革性改变才刚刚开始。信息技术能够让产业内更透明，信息

技术背后的“互联网精神”即：开放、平等、协作、分享，正在引导交通、能源的新一轮

创新发展。在这以能源大数据为特点的转变过程中，储能已经成为了能够改变能源未来的

关键支撑技术之一。   

本着“开放、平等、协作、分享”的宗旨，中关村储能产业技术联盟 2010 年启动了对

产业的探索与系统地研究，目前这项工作已持续 4 载。从 12 种主流电力储能技术，到储能

在传统电力系统内 5 大类别、17 小类的不同应用，再到美、日、欧和中国不同的市场环境

以及储能机遇，白皮书 2011、2012、2013 的研究成果得到了普遍的认同。通过白皮书和各

类委托项目，我们向产业分享研究成果，并欣喜地看到储能在国家能源局层面已经得到了

足够的重视，成为了 2013 到 2014 年能源重点推动的 10 个领域的研究课题之一。但储能的

市场化机制政策出台依然遥远，核心的困扰在于围绕具体应用的经济性分析仍属于空白，

这阻碍了进一步政策的出台。 

2013 年到 2014 年间，我们发现中国现阶段四个与新能源相关的重要领域，分布式发
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电与微网、辅助服务、用户侧需求响应和电动汽车并网系统开始涌现出一些市场机会和创

新模式，个别领域还出现了商业示范项目。因此，从 2013 年年初开始，我们启动了对储能

应用经济性的分析，并由此形成了 2014 版白皮书的主要脉络。 

2014 版白皮书，着重对风电场、分布式发电及微网和调频辅助服务中储能应用的经济

性进行了初步探讨。分析了影响储能收益的政策环境、电价机制，并由此形成了储能应用

收益的计算方法。本版白皮书对储能应用经济性分析还处于起步阶段，受限于实际项目数

量及项目运行数据，经济性分析目前只停留在应用收益层面，但形成的相关数据以及计算

方法，将对未来政策出台、厂商市场开拓等具有重要意义，这也夯实了联盟进一步推进储

能应用经济性研究的基础。 

另外，通过对 2013 年到 2014 年市场机会的观察，我们相信，新型城镇化下的区域生

态系统将会给中国储能带来前所未有的发展机遇。需求侧响应、智能建筑、电动汽车电网

应用是其中凸显的应用领域。加上能源可视化的信息系统、基于分布式的能控网络、能源

类的资产证券化等创新模式，传统的能源发展模式将被突破，并将带动新的经济增长。与

白皮书编写工作并行， 2014 年我们投入资源选取了两个城市，从规划层面入手进行具体实

施模式的研究，为行业发展中遇到的问题寻找答案。在过程中，我们会定期分享我们的实

践经验和研究成果，希望能得到同行的指正，共同围绕行业发展遇到的共性问题尽我们的

微薄之力。 
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1. Overview of energy storage application valuation studies 

1) Energy storage application valuation 

As more and more demonstration projects are developed all over the globe, the realizable 

capabilities of energy storage are gradually becoming clearer. The functionality and effects of 

energy storage are also becoming more clear to relevant industries. However, large difficulties 

remain before energy storage can truly be considered commercialized. 

Outside of how expensive energy storage technology is, major root barriers to the continued 

growth of the energy storage industry is the lack of clear market mechanisms and the difficulty in 

measuring the benefits of energy storage applications.  When CPUC (California Public Utilities 

Commission) tendered suggestions on from the energy storage industry on how to set the state's 

energy storage procurement plan, many public utility offices and battery manufacturers all 

responded that 'the difficulty of measuring the value of energy storage' had become the largest 

obstacle to the development of the energy storage market. 

As such, existing and potential benefits of energy storage applications are investigated at this 

stage. Major aspects of analyzing the benefits of energy storage applications include: 

(1) All-around clarity on each type of benefit of the energy storage application, clearly 

defining the parties benefiting from the energy storage application 

Energy storage projects developed in for any particular field are often in reality not of a 

single functionality, giving rise to effects on other connected areas. For instance, consider an 

energy storage station installed near the load for peak shaving. Its usage can also give rise to 

distribution investment deferral, and cause existing turbine operations to become more stable 

thereby reducing fuel consumption and greenhouse gas emissions. All while also improving the 

utilization rates of existing turbines, delaying the construction of new peaker plants, and reducing 

electric system's production costs. 

This is an essential prerequisite for advancing the understanding of the benefits of energy 

storage, clarifying the benefits brought about by energy storage stations, and defining the concrete 

relationship between these benefits. It is necessary for a comprehensive calculation measuring the 

value of energy storage, and advancing defined application settlement and benefit distribution 

mechanisms. 

(2) Assisting businesses in decide if and how to deploy energy storage projects 

Specifying how much an application could earn or produce under the existing market 

conditions and policy mechanisms helps in deciding if and how to deploy an energy storage 

project. This includes the choice of different technologies for different applications and energy 

storage capacities, and whether to address a single function or multiple functionalities. 

(3) Laying the foundation for further study of energy storage economics 
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Energy storage benefit analysis based on existing conditions clarifies the value points, and 

putting together the elements impacting the energy storage benefits. This can advance the 

construction of models, gathering of data, and establishing a foundation for comprehensive energy 

storage economics studies. 

(4) Providing insight for advancing the launch of energy storage related policies, 

subsidy standards, pricing mechanisms 

Clear profit points and interested parties can make the value of energy storage and its roles 

take full shape. This then can provide useful reference for perfecting existing policies and market 

mechanisms, and launching new energy storage related policies, subsidies, and pricing 

mechanisms, thus making policy reform and the setting of targets. This can effectively promote 

the development of the energy storage industry. 

2) Overview of benefit study methods for energy storage 

applications 

Overview of foreign and domestic studies on the benefits of energy storage 

applications 

Several government organizations, research institutions, industrial organizations, consulting 

companies, and public utility companies have already developed certain energy storage 

application benefit evaluation works. Benefit calculations for energy storage applications and 

methods for evaluating the value of energy storage, both by industry and outsiders, have several 

relatively clear insights. Some research institutions have also had some success in exploring the 

benefits of energy storage applications. 

EPRI (US Electric Power Research Institute) 

EPRI, E3 (Energy + Environmental Economics), CPUC (California Public Utilities 

Commission), and CEC (California Energy Commission) and other stakeholders collaborated to 

develop the Energy Storage Valuation Tool (ESVT). This tool can quantify potential energy 

storage value streams in energy, capacity, and regulation markets, and calculate the real-time 

income of energy storage facilities.  

In calculating the economic value and benefits of an energy storage facility, ESVT follows 7 

steps. 1) Calculating the costs of the energy storage system; 2) Calculating the benefits of 

individual applications and stacking them (simple sum); 3) Calculating the technologically 

feasible benefits; 4) Calculating the monetizable benefits; 5) Calculating the monetizable potential 

of the Nth energy storage unit; 6) Calculating the societal benefits of energy storage; 7) 

Calculating the benefits of feasible business modes of the energy storage. These 7 steps will 

gradually become better able to estimate the true value of energy storage, but due to limitations in 

all aspects, the calculation of each of these steps will not be perfectly realized by the energy 
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storage project. 

NREL (US National Renewable Energy Laboratory) 

NREL released a report The Value of Energy Storage for Grid Applications. Two different 

types of calculations are used: production-based simulations (systemic value) and market-price-

based methods (market value). These consider the value of energy storage in three circumstances: 

peak shaving, reserves, and peak shaving + reserves. The two types of calculations show the 

difference between the value the energy storage system provides to the electric system and grid, 

versus the amount the unit can earn under current market and policy mechanisms, creating a 

platform for discussion. 

DNV GL (formerly DNV KEMA)1 

DNV GL (Energy & Sustainability) developed a suite of energy storage economic analysis 

and calcuation software, including ES-GRID, ES-Select, PLEXOS, KERMIT, Micro Grid 

Optimization (MGO). 

For the most part, DNV GL's software was developed for the advancement of government 

projects. These tools have already had an impact in in government policy and investor investment 

decisions, including California's 2013 energy storage procurement requirement (CPUC Energy 

Storage Order Instituting Rulemaking Proceeding R.10-12-007). 

Navigant2 

Smart Grid Cost-Benefit Analysis group under the US DOE Office of Electricity Delivery 

and Energy Reliability developed a standardized method for evaluating the functions, costs, and 

benefits of projects in the smart grid field. Navigant developed its Smart Grid Calculation Tool 

(SGCT) based on this.  Navigant expanded the functionality of SGCT in evaluating the costs and 

benefits of a complete smart grid project, and developed the Energy Storage Calculation Tool 

(ESCT), which evaluates the costs and benefits of energy storage.  ESCT is primarily used in 

analyzing projects already in operation, though it can be used for planning or forecasting projects. 

                                                        

1 KEMA was established in 1927 in the Netherlands. It provides technology consulting, operational support, 

measurement and inspection, testing and verification, and other services to companies in the energy industry. DNV 

was founded in 1864 in Norway, providing risk management services. In 2012, DNV and KEMA merged to form 

DNV KEMA, providing energy consulting, testing and verification, and other services, and is headquartered in 

Arnhem, Netherlands. In September 2013, DNV and GL (Germanischer Lloyd) merged, establishing DVN GL 

Group. DNV KEMA became the energy and sustainable development division (one of four total divisions), 

providing commercial and technical consulting services for testing, examination, verification, and risk 

management. 

2 Headquarter in Chicago, US, providing energy, economic, financial, and management consulting services. 
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China Academy of Chemical Defense 

Relatively speaking, China's research on the benefits of energy storage applications has just 

recently begun. A relatively well known study was the YCC index put forth by Chinese Academy 

of Engineering academic YANG Yusheng. The YCC index uses the below formula: 

𝑌𝐶𝐶 =
𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑃𝑟𝑖𝑐𝑒𝑂𝑢𝑡 −

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑃𝑟𝑖𝑐𝑒𝐼𝑛

𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑜𝑓 1 𝑘𝑊 𝑜𝑢𝑡𝑝𝑢𝑡

𝐶𝑦𝑐𝑙𝑒𝑠 𝑖𝑛 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛 × 𝐷𝑒𝑝𝑡 𝑜𝑓 𝑑𝑖𝑠𝑐𝑎𝑟𝑔𝑒
+ 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 𝑜𝑓 1 𝑘𝑊 𝑜𝑢𝑡𝑝𝑢𝑡

 

YCC index is a ratio of the cost and benefit of the electricity charged and discharged over the 

lifespan of the energy storage unit. The benefits are mainly determined by the price of the 

electricity discharged and used to charge, and the conversion efficiency. The costs are mainly 

determined by the initial investment, life span, depth of discharge, and operating costs. The results 

can help energy storage companies determine if a project will be profitable or not: 

𝑌𝐶𝐶 > 1, 𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑙𝑒
𝑌𝐶𝐶 ≤ 1, 𝑈𝑛𝑝𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑙𝑒 

 

YANG Yusheng, using parameters collected from all types of energy storage installations and 

putting them into the YCC formula, found that, with the exception of long-lived lead acid batteries 

and supercapacitors, the overwhelming majority of chemical energy sources at scale still cannot 

attain profitability. 

Institute of Engineering Thermophysics, Chinese Academy of Sciences 

Prof. CHEN Haisheng, Institute of Engineering Thermophysics, Chinese Academy of 

Sciences, designed six types of taxation scenarios based on optimizing total return on investment 

using as the main parameter the price difference between the purchase price of electicity and retail 

electric price. The total return on investment rate, internal rate of return, and payback period was 

calculated for pumped hydro plants, CAES plants (compressed air energy storage), NAS batteries 

(sodium-sulfur), flow batteries, lithium ion batteries, and lead acid batteries. The study focused on 

the impact of preferential taxation policies on the profitability of energy storage. 

The study showed that by using tax incentives, the total return on investment, internal rate of 

return, and payback period could all be improved. In addition, there are differences to how much 

these are affected for each different technology. 

Results of foreign and domestic studies on energy storage application 

benefits 

From the above description of the energy storage application benefits studies put forth by the 

various institutions, we can see that such benefit calculation methods can generally be classified 

into three types: 

 (1)  Methods where return on investment of energy storage is calculated using only the 
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market opportunities provided by the existing compensation system. Indirect returns or indirect 

returns not supported by the market compensation system are not included in the calculation of 

benefits. At present, the ESCT software designed by Navigant, Chinese Defense Scientific 

Research Institute, and Institute of Engineering Thermophysics (Chinese Academy of Sciences), 

use this method. 

 (2)   Methods where all benefits of energy storage to the electric system are considered (even 

though the beneficiary may not be the energy storage party), but does not consider the 

societal/broader benefits of energy storage (such as emissions reduction, increasing the operating 

efficiency of other units and increasing infrastructure utilization rates, etc.). EPRI and KEMA 

currently use this method. 

 (3)   Methods where the entire local electric system is the object of study. The value of the 

energy storage device is calculated via comparing the costs of operating the entire local electric 

system with and without the energy storage device.  NREL uses this method, though reductions in 

greenhouse gas emissions are not incorporated into the calculation. 

The first category is simpler and easier to use, and is usually applied in helping investors get 

a sense of existing market opportunities and benefits, however the difference between the results 

and the realizable value is the greatest. The second category is better able to reflect the value of 

energy storage relative to the first method, but is not comprehensive. The third category can reflect 

the true value provided by energy storage, but these models are complicated, require large 

amounts of data, are more difficult to carry out. If this category could incorporate greenhouse gas 

emissions, this category could truly and comprehensively measure the value of energy storage. 

Energy storage application benefit study method used by this report 

This report's energy storage application benefit study addresses the major concrete 

applications of existing demonstration and commercial projects (including pilots, technology 

verification, commercial operation, etc), and uses existing policies and market mechanisms to 

form the metric of the benefits of energy storage and its value. This report will used a method 

from the first category: the return on investment is calculated using only the market opportunities 

provided by the existing market compensation system and mechanisms. Indirect returns or indirect 

returns not supported by the market compensation system are not included in the calculation of 

benefits. 

Regarding the multiple applications of energy storage, this report will use up to the second 

step of EPRI's 7-step calculation method. This calculates the benefits the energy storage system 

gives rise to one-by-one, without consideration for the time and capacity allocated for each 

application. 

Detailed analysis is carried out on wind farms, distributed generation and micro grids 

(including grid connected and off-grid), and frequency regulation ancillary service. This includes 

concrete energy storage applications in three fields, the policies and electricity pricing 

mechanisms impacting the benefits and earnings of energy storage, and the concrete calculation of 

these benefits. 
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Also, in addition to these hot fields of application, demand response, smart buildings, and 

smart transportation are already gradually giving rise to crossovers with energy storage. They are 

areas for future potential expansion of energy storage uses.  This white paper analyzes these three 

fields, investigating energy storage's participation in these three specific modes and application 

potential. This white paper aims to thus expand the scope of application of energy storage, and tap 

into even wider space for energy storage use. 

Regarding the value of energy storage applications in specific fields, this white paper 

combines specific case studies and analysis. The cases studies, in addition to China's model cases, 

foreign cases studies are included, integrating foreign case study development conditions, and 

providing useful reference for China's energy storage industry. 

2. Analysis of Wind Farm Energy Storage Applications and 

Related Benefits 

In recent years, following the rapid increase in China’s installed wind capacity, wind 

curtailments have become a major problem. In 2013 the average wind curtailment rate was 11 

percent. Although this was six percent lower than the previous year, it is still a major issue for the 

entire industry. China is taking active measures to resolve wind curtailment and to increase the 

grid’s utilization of wind power. 

Among a variety of solutions, energy storage is an emerging technology that is gaining 

visibility in the field of energy. In addition to grid stability caused by wind power’s intermittency, 

energy storage can improve the wind power forecast accuracy¬¬5, increase grid flexibility and 

increase the grids local wind power consumption. In the future, as wind penetration grows even 

higher in China, there will be a significant increase in the need for energy storage, widely opening 

the prospects for this field. 

1) The status of distributed generation and micro grid energy 

storage applications 

The Status of Wind Farm Energy Storage Applications 

According to the CNESA’s statistics, there were 40 wind farm projects by the end of 2013 

(including operation, under construction and planned projects) with combined total of 241MW. 

Over 2/3 of the projects are located in the U.S. and Europe. The U.S. has the highest portion of 

wind famr energy storage projects. Europe battery energy storage technology is currently at an 

initial stage of development; there a small number of projects that are relatively small in size. 

China is gradually starting to develop wind farm energy storage demonstration projects.  

Li-ion, advanced lead acid, flow batteries and sodium sulfur batteries are the four 
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technologies used most ofen in wind farm storage applications. Project count and installed 

capacity are both over 80 percent. A123, Saft, LG Chem, Samsung, Xtreme Power, NGK, Dalian 

Rongke, BYD, CALB and Prudent Energy are some of the best performing technology providers 

in the field. 

Major Wind Farm Energy Storage Applications 

The main wind farm energy strorage applictaions are peak shaving, forecast hedging, 

frequency regulation and output smoothing.  

Peak Shaving: When the grid reaches its power limit, wind power is stored in batteries. 

When the grid is not at its power limit, batteries discharge electricity onto the grid. This in essence 

solves the problem of wind curtailment. Battery charging and discharging depends completely on 

the requirements of scheduling. 

Forecast Hedging: This technique combines energy storage and wind power forecasting to 

make the actual wind power output curve consistant with the forecast curve. This improvces 

forecast accuracy and increases the amount of wind power that can be connected to the grid. 

Wind Output Smoothing:  

This application involves frequent charging and discharging of an energy storage system to 

do the following: smooth short-term wind farm output, reduce the volatility of wind power and 

keeping the rate of occurance and rate of wind ramping within ranges required by the grid.  

Frequency Regulation: This application involves charging and discharging to and from the 

grid based on the automatic generation cotronl (AGC) signal and the rated capacity of the energy 

storage system to keep system frequency within an acceptable range. 

This article will provide a detailed analysis of peak shaving and forecast hedging. Because 

short term wind power fluctuations caused by wind gusts will see relief from an increased number 

of distributed wind farms, the role of energy storage is not very clear for this application, and we 

will not carry out an alaysis of it. Frequency regulation will be analyzed in Chapter 4, so it will not 

be discussed here.  

2) The impact of existing policies and pricing structures on wind 

power energy storage 

Currently, policies supporting wind power around the world can be categorized as mandatory 

policies (such as RPS and other renewable energy quota systems), economics incentives (such as 

tax credits), research and development policies or market development strategies (such as wind 

farm operating mechanisms). Among these four policy types, economic incentives are the most 

effective means of promoting wind power development. 

Starting with the 2005 release of "Renewable Energy Law", China has gradually built a 

relatively complete legal framework that guarantees the long-term development of  wind power. 
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From the first half of 2011, a period of severe wind curtailments, the National Energy 

Administration has released a series of documents promoting wind power consumption. Some of 

these important policy documents are given below: 

 June 2011, "Wind Farm Power Forecasting Interim Measures" 

 Fubruary 2012, "Guidance on the Construction of Gird Connected  Distributed Wind 

Power" 

 June 2012, "Notice on Requirements for Strengthening Wind Power Connection and 

Consumption" 

 January, 2013, "Renewable Energy Power Quota Management Approach (3rd Draft)" 

These documents embody the main ideas of the National Energy Administration's approach 

to promoting wind energy consumption: encourage the development of distributed generation, 

explore multiple technologies and improve wind farm construction in order to solve wind 

curtailment issues. As a key technology in integrating large-scale wind power, it has been written 

into relevant policy documents. 

The release of these policy documents has enhanced the development space for energy 

storage in this area. Some regions have already displayed market potential, such as the Liaoning 

Woniushi Wind Farm (a 5MW/10MWh vanadium redox flow battery) as well as wind-solar-

storage projects deployed in western regions. 

Additionally, some regions have implemented tiered pricing systems and time-of-use (TOU) 

pricing. China is actively formulating peak shaving and frequency regulation power tariff 

subsidies and distributed wind pricing mechanisms. This has good implications for the economics 

of energy storage. 

3) Benefit analysis for wind farm energy storage applications 

Peak shaving benefit calculations 

When calculating the benefits of peak shaving, important factors are electricity price 

(including charing price, power purchase price and discharge price), capacity and battey 

efficiency. 

When energy storage is used for wind farm peak shaving, because the power used for 

charging would otherwise be lost, the charing price is calculated as zero. When a wind farm and 

energy storage facility are operating together, the discharge price is calculated as the same price as 

the wind farm grid tariff. 

The revenue formula used for a wind farm peak shaving energy storage application is; 

B=P×η×Q where B is the annual revenue (RMB/year), P is the wind power tariff (RMB/kWh), η 

is the efficiency of the battery energy storage system (%) and Q is the total amount of discharge 

electricity. 
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Load following benefit calculations 

Accoring to the NEA’s June 2011 released "Wind Farm Power Forecasting Interim 

Measures", grid connected wind farms must all be equipped with wind power forecasting 

capabilities and carry out wind power forecasting in regular operation. The measure has developed 

a forecast accuracy rate and forecasting pass rate the basic indicators of an evaluation system. A 

wind farm's previous day's evaluation results serve as the basis for scheduling that wind farm's 

power on a given day. A higher evaluation ranking will give a wind farm scheduling priority. 

For forecast hedging energy storage applications the electricity price, installed capacity of the 

wind farm and the additional amount of energy sold prior to installing storage are the main factors, 

and the benefit is calculated as 𝐵 = 𝑃 × 𝐶 × (𝑇1 − 𝑇0) where B is annual benefit (RMB/year), P is 

the benchmark for local wind farm tariff (RMB/kWh), C is the installed capacity of the wind farm 

(kW), and T0 and T1 are the annual number of hours of wind farm power usage before and after 

the installation of energy storage, respectively. 

Case Study 

Currently, wind farm energy storage in China is in an early stage of development. Large scale 

wind energy storage projects that have recently come online in China are all demonstration 

projects that have only had short periods of operation. Because of system testing, the storage 

systems cannot maintain continued operation and thus system data collected is not complete. 

Therefor, we will use assumptions based on China's electricity price and subsidy mechanisms to 

show calculations of the economic benefits of peak shaving and forecast hedging applications. 

Under certain assumptions (such as sufficient line capacity that can transmit all curtailed 

wind), combined with specific wind farm operational data, it can be determined that a wind energy 

storage project with an 80MW wind farm and 8MW/16MWh energy storage system (with 80% 

efficiency and a cycle life of over 10,000 cycles), peak shaving would generate an annual revenue 

of RMB 2.24 million and forecast hedging would generate an annual revenue of RMB 12.24 

million. 

Under current circumstances, the economic benefits of energy storage peak shifting 

applications are very limited. But in the long term, following the maturation of energy storage 

technologies and expansion of the scale of applications, price reductions are expected very soon. 

Supplemented by the perfection of national policies, electricity price and subsidy mechanisms 

(including energy storage subsidies, energy storage instalation subsidies and peak-pricing 

systems), the installed capacity of energy storage used in peak shaving will increase gradually and 

in the future will greatly improved profit models. 

Forecast hedging energy storage applications show potential for considerable benefits. 

However, China has not yet done assessments in this area. Operational results and ultimate 

economic gains have yet to been verified by real project data. Forecast hedging at its current stage 

is not capable of delivering economic benefit to a wind energy storagre project. With 

improvements and implementation of national policies and mechanisms related to scheduling, this 

area will have excellent prospects. 
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3. Benefit analysis for distributed generation and microgr 

grid applications 

Distributed generation and micro grids are increasingly becoming two of the hottest areas in 

the energy industry. According to national energy plans, the installed capacity of distributed 

generation will reach 210GW by 2020, accounting for 11 percent of the national total installed 

capacity. As a key supporting technology for distributed generation and micro grids, there is a 

huge potential for energy storage applications in this area. 

1) The status of distributed generation and micro grid energy 

storage applications 

The status of distributed generation and micro grid energy storage 

applications 

Distributed generation refers to the use of customer–sited generation rather than large scale, 

remotely generated power transmitted over long distances. All electricity produced by local 

generation equipment that is not conumed by customers or nearby customers is sent into the 

distribution grid, achieving a cascaded multi-system energy complex.  

Micro grids can be categorized into grid-connected micro grids and off-grid micro grids. 

Grid-connected micro grids are capable of operating both in a grid-connected mode and in a grid-

independent mode in the event of a main power grid failure. Off-grid micro grids do not connect 

to the main power grid; they use their own distributed energy resources to satisfy load 

requirements.  

The CNESA project database shows that distributed generation and micro grids were the 

hottest areas for energy storage by the end of 2013. The U.S., China and Europe are three regions 

with the most rapid development. Among them, the U.S. was first in project count and installed 

capacity while China ranked second. 

From the current projects we can see that distributed generation and micro grid systems 

containing energy storage equipment are mostly applied in residential communities, industrial 

areas, commercial areas, end-users, remote areas and military facilities. Among these areas, 

residential community projects have the highest count, accounting for 50 percent; they are mainly 

located in the U.S. and Japan. Second is island and remote area energy storage projects, 

accounting for 12 and 19 percent of the total project count, respectively. We can see the huge 

potential for energy storage to solve residential electricity security as well as electricity access 

issues for remote area populations. 

Lithium-ion batteries and lead-acid batteries are the technologies most used in this area. The 
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installed capacity of lithium-ion batteries makes of 50 percent of the total and is commonly 

recognized as the technology with the most promising prospects in the distributed generation and 

micro grid application area. Because of its low cost and high level of maturity, lead acid batteiers 

are the best choice for projects with low budgets as well as early-constructed micro grids. It 

currently makes up 27 percent of the market. Sodium sulfur and flow batteries also have some 

applications in this area, and their combined installed capacity makes up 8 percent of this 

applications area. 

Main energy storage applications in distributed generation and micro grids 

Energy storage is a key supporting technology for distributed generation and micro grid 

projects, particularly those where renewable energy technology play an important role. The role of 

energy storage can summarized as providing the following three functions: 

Stable system output: Energy storage here is used to solve dynamic power quality issues 

such as voltage pulses, surges, voltage sags and momentary power interruptions. It provides 

system stability by: providing the required average load through distributed generation systems, 

satisfying short-term peak-load requirements and smoothing end-user load curves. 

Backup Power Supply: An appropriate amount of energy storage can serve as backup power 

when a distributed generation unit is not able to function properly. For example, in the evening 

when a distributed solar PV system cannot generat electricity, or when there is no wind to power a 

distributed wind power resource, or when another distributed generation resource is under 

maintenance, energy storage can serve as backup power.  

Increase Scheduling Flexibility: Energy storage can turn non-dispatchable distributed 

generation sytems into dispatchable systems. When operating in grid-connected mode, storage can 

allow the micro grid to achieve peak shaving, emergy power support and other services. The larger 

the energy storage system capacity, the more freedom is available for system scheduling. However 

there must be a proper economic balance between the benefits gained from a large degree of 

scheduling freedom and system costs. 

Additionally, energy storage in distributed generation and micro grid applications can 

improve utilization rates of transmission and distribution equipment, lower operational costs and 

reduce cutomers’ electricity bills.  

Energy storage use in industrial, commercial, residential, remote area and island regions has 

become one of the hottest topics in the distributed generationa and micro grid field. Germany and 

Japan the most applications for industrial, commercial and residential areas while China and the 

U.S. have more applications for remote areas energy access and island micro grids, respectively. 

Residential community energy storage is very popular in the U.S. and Japan, and the U.S. has the 

most military energy storarge applications.  

This section will provide a deep analysis of energy storage applications in common 

residential areas, industrial distributed generation and micro grids as well as off-grid distributed 

generation and micro grids. This section will also provide a discussion on two different economic 

benefit models as a reference. 
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2) The impact of current policies and pricing mechanisms on 

distributed generation and micro grid energy storage 

Distributed energy systems have already been around for decades. Because of their highly 

efficient use of energy, they have already become an effective means of dealing with climate 

change and achieveing energy conservation and emissions reductions in developed countries. 

Governments have formed laws and released supporting policies to help distributed energy 

systems make development progress in their respective countries.  

In 2012, China’s National Energy Administration released “Interim Measure on Distributed 

Generation Management” to encourage enterprises, professional energy services companies and 

individuals to invest, build and operate distributed generation projects. The measure also gave 

customers a subsidy. China is welcoming the opportunity to develop a distributed energy market.  

In order to promote the development of distributed generation and micro grids, China has 

released the following policies:  

 February 2012, National Energy Administration "Guidance on Distribtued Wind Project 

Access Development and Construction Guide" 

 April 2012, National Energy Administration, "Distributed Generation Management 

Approach (Draft)" and "Distributed Generation Grid Connection Management Approach 

(Draft)" 

 July 2013, Ministry of Finance, "Notice on the Implementation of Distributed Solar PV 

Generation Energy-based Subsidy" 

 September 2013, National Energy Administration, China Development Bank, "Notice on 

the Financial Support for the Development of Distributed Solar PV Generation 

Demonstration Work" 

 September 2013, National Energy Administration, "Comprehensive Solution for 

Populations with Limited Electricity Access 3-Year Action Plan (2013-2015)" 

In addition to the above policiews, provincial and municipal governments have released their 

own distributed solar PV generation subsidy policies including tiered pricing structers, peak pricin 

and two-part electricity prices in an effort to influence the development of distributed generation; 

this has also raised the expectations of energy storage applicationsr in this area. Direct subsidy 

policies and electricity pricing policies are 006Bey to the economic benefits of energy storage in 

this field. 
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3) Benefit analysis of distributed generation and micro grid 

applications 

Benefit Stream Analysis 

There are four main benefit streams for energy storsage iin distributed generation and micro 

grid systems: TOU tariff management, capacity charge management, improved power reliability 

and improved power quality. 

TOU tariff management: This benefit comes from charging an energy storage system 

during periods when electricity prices are low and discharging battery power to serve local load 

during times of peak demand when prices are high to achieve price arbitrage or to lower local 

electricity costs. The major factors influencing the benefit are the specific on-peak and off-peak 

prices. Additionally, the efficiency of the energy storage system, the duration of discharge and 

related subsidies also directly influence benefits. 

Basic Electricty Management: Basic electricity management is based on a user's 

transformer capacity or the maximum amount of power required (usually the highest average of a 

given 15 or 30 minute period in a month). Each month this charge is assessed and it is not 

dependent on the total amount of energy consumed. In basic electricity management, energy 

storage is used to store electricity when a customer's load is low and discharge electricity when 

load is high to lower the customer's power use and thereby lower demand charges. Basic 

electricity management is most suitable for industrial customers. The major factors impacting the 

benefits are: capacity/demand rates, energy storage system capacity and discharge time. 

Improving Power Reliability: During grid failure, energy storage provides power for users 

and allows users to have power when the grid repair process causes power outages. For power 

reliability improvements, reducing outages and reducing losses is the major benefit provided.  

Improving Power Quality: During short-term power outages, energy storage deployed at 

the user-end can reduce voltage fluctuations, reduce frequency fluctuations improve the power 

factor and harmonics and other second-level power quality disturbances. To find the benefit of the 

storage device, the losses caused by power quality events can be calculated. The main factors 

influencing this benefit are: the number of unacceptable power quailty events, the degree to which 

low power quality caused customer losses and the capacity of energy storagre system. 

Apart from these four benefit streams, energy storage can also optimize the operation of 

renewable energy generation equipment in micro grids, reduce power losses and lower emissions, 

achieving environmental and social benefits as well. 
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Beenfit analysis of energy storage in grid-connected distributed generation 

and micro grid applications 

Benefit analysis of residential grid-connected distributed generation and micro grid 

energy storage applications 

Residential energy storage systems generally refer to the storage of energy from a rooftop 

solar PV system during peak production, low load times around noon that is used in the evening. 

This form of energy storage can sufficiently utilize a large solar installation and can reduce the 

pressure of peak demand on the grid and is also aimed at increasing self-consumption and safety. 

The scale of residential energy storage systems is in the range of 5kWh~20kWh. 

(1) China Case Analysis 

Assuming that Beijing suburban home with four residents has a daily consumption of 8kWh 

and is equipped with a 5kWp solar PV system and a 5kWh energy storage system. According to 

Beijing’s residential tiered electricity standards, and also considering the national distributed solar 

subsidies, this solar PV-plus-energy storage system could achieve an annual savings of RMB 

1,642 in electrcicty fees. If this family implemented residential peak pricing standards, according 

to the 2006 Beijing National Development and Reform Commission’s “Notice on Separate 

Residential Heating Electricity Prices”, it can be calculated that a residence would save RMB 383.  

From these calculations it can be seen that under current electricity tariff standards, relative to 

installed systm costs, solar-storage systems can only bring a small benefit to residential customers 

that is not enough to attract a large customer investment in solar-storage system. 

(2) Germany Case Analysis 

Residential energy storage in Germany is widely believed to have the greatest development 

potential. This country has been continuously increasing its portion of renewable energy. A 

number of laws and regulation boosting renewable energy (such as the Renewable Energy Law, or 

EEG, and merit order rule), high residential electricity prices and the gradual decreasing electricity 

Feed-in Tariffs for solar PV have all been stimulating and encouraging residential energy storage 

applications in Germany.  

In 2013, Germany officially established a solar-storage subsidy. This policy will provide 

rougly 30 percent of energy storage system costs to the consumer and offer low-rate loans to 

finance the rest of system costs through Germany’s national development bank, RfW. Under this 

subsidy policy, a new system costing 19,500 euros installed with a 3.3kWh lithium and 5kWp 

solar PV system would be eligible for 3,000 euros in cash subsidies. Germany’s solar-storage 

market has received significant development under since the introduction of this policy. 
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Benefit analysis of commercial and industrial grid-connected distributed generation 

and micro grid energy storage applications 

The primary goal of commercial and industrial energy storage systems is electricity bill 

management, which includes demand charge management and TOU price management. In China, 

high commercial and industrial demand charges and time of use pricing structures have made it 

possible for energy storage to be applied in commercial and industrial end-user TOU management 

applications. 

(1) China Case Study 

In April 2021, the Goldwind Beijing Yizhuang Economic Development Zone’s “Goldwind 

Smart Micro Grid Project” completed construction. The project includes 250kW of wind capacity, 

503kW of solar PV capacity, a 540kWh energy storage battery, a 300kW induction motor and a 

130kW micro gas turbine.  

The micro grid system primarily provides power to the factory for production and daily life 

load. The energy storage is mainly used for long-term control of instantaneous power fluctuations 

on the control tie-line. In addition, there will possibly be validation carried out for EVs in the 

micro grid. 

Calculations show that the current operation of the micro grid can save the company RMB 

1.34 million annually in electricity savings and every year the system can eary RMB 400,000 from 

selling electricity to the grid. Additionally, this project makes significant contributions to energy 

efficiency and emissions reductions.  

If no new energy generation equipment were installed and only energy storage was operated 

by simply charging and discharging around off-peak and on-peak electicity price time periods, an 

8MWh energy storage system with a 70 percent round-trip efficiency could save RMB 1.3 million 

in energy costs and RMB 480,000 in capacity payments. This example assumes conditions and 

local pricing structures for an industrial facilty in Jiangsu Province. 

(2) U.S. Case Study 

Commercial and industrial electrcitiy bills in the U.S. are composed of two parts: a standard 

charge based on the total amount of electrical energy consumed and a demand charge based on the 

highest amount of instantaneous power use by the customer in the given billing period. With this 

pricing mechanism and related energy demands, energy storage is able to charge electricity during 

off-peak pricing periods and discharge this stored energy during peak demand periods. This lowers 

the customer's highest capacity demand and helps the customer effectively achieve electricity 

management. 

The Gills Onion processing plant in California is a classic example of using energy storage to 

lower demand charges. In April 2012, Gills Onion installed a 600kW/3.6MWh vanadium redox 

flow battery system. Through charging the system with relatively lower off-peak power and 

discharging at times of peak demand, the facility is able to reduce its electricity bill. Once 

operational, the project was able to help the facility save hundreds of thousands of dollars (in both 
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regular energy charges and demand charges). Additionally, the project received $1.2 million 

through California’s Self Generation Incentive Program. 

Benefit analysis of off-grid distributed generation and micro grid energy 

storage applications 

Analysis of remote area off-grid distributed generation and micro grid energy storage 

applications 

(1) China Case Study 

In internal remote areas such as the Tibetan Autonomous Region, there are populations 

without access to electricity. These people live in remote mountainous regions that the traditional 

grid has difficulty covering. However, the local wind and solar resources are abundant. Strong and 

consistent winds and long-lasting intense solar irradiation offer the perfect conditions to use wind 

and solar co-generation micro grids to provide power for local populations.  

Huadian Tianren Electric Power Co., Ltd. has invested in the construction of the Bangor 

Highway Crew micro grid system in Tibet. The project uses 35kW of wind power, 25kWp of solar 

PV and 540kWh of energy storage batteries to resolve local electricity access projects. Through 

site visits and calculations, this micro grid system consumes 83,000kWh per year. Including 

system installation, operation and maintenance costs, it can be calculated that the levelized cost of 

energy for the lifetime of the system is RMB 1.85. Because the cost of diesel generation in Tibet is 

RMB 2.65, this system has favorable economics. 

(2) 美国军方应用分析 

The U.S. military has goals for reaching high levels of renewable energy penetration. These 

goals heavily promote the use of micro grid energy systems in the U.S. military. However, 

maintaining a stable energy supply while also also avoiding fluctuations in the price of energy and 

minimizing the possibility of terrorist attacks is extremely important to the U.S. military. Micro 

grids can both increase renewable energy use and reduce dependence on the main grid and diesel 

generation. This makes micro grids a very real option for providing a safe and stable energy 

supply. Energy storage is a key component of independent micro grids.  

Under the support of the Test Bed and SPIDERS program, the U.S. Department of Defense 

has already constructed several micro grid systems. The total capacity of these micro grid systems 

grew from 228MW in 2011 to 578MW in 2012. Zinc-bromine flow batteries, lithium-ion batteries, 

advanced lead-acid batteries and sodium nickel batteries (such as the Durathon battery) all have 

significant application opportunities.  

Because the military is not very sensitive to the price of energy storage technology and the 

requirements for safety and stability are very high, energy storage at its current high cost levels 

has more opportunities in the military than on the traditional grid. 
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Benefit analysis for island and off-grid distributed generation and micro grid energy 

storage applications 

In remote islands, because of the economic and quality of life improvements, there are 

greater and greater requirements for electric power, particularly on its reliability. The main 

methods of resolving island energy supplies are to build independent systems or to connect the 

island to a mainland power grid. Connecting to a mainland power grid can be extremely 

expensive, thus independent systems is the most common method used.  

Previously, independent systems have heavily relied on diesel generators. In recent years, 

following the falling of costs and the increased focus on environmental and sustainable 

development, wind and solar systems equipped with energy storage devices are gradually gaining 

visibility as solutions for the energy supply of remote islands. 

(1) China Case Study 

In May of 2011, the China Guodian Corporation led Dongfushan Island wind-solar-storage 

micro grid project entered operation. The system is composed of a 210kW wind power generator, 

a 100kW solar PV unit, a 200kW diesel generator set and a 1000Ah storage battery. Currently, the 

island gets mostly all of its power from new energy.  

Calculations show that as an independent micro grid, the electricity costs of the Dongfushan 

Island wind-solar-diesel-storage system alone do not make it economic. However, looking at 

energy savings, the wind-solar-diesel-storage system is able to replace a large amount of diesel 

generation, lowering generation costs, and is much more economic than laying a cable connected 

to the mainland grid. 

(2) U.S. Application Analysis 

In the U.S., the Big Island and Maui Island of Hawaii, Kodiak Island of Alaska, Puerto Rico 

and other U.S. territories in the Carribean have constructed energy storage projects. In the fall of 

2012, the second phase of the 4.5MW Pillar Mountain wind project on Kodiak Island off the 

southern coast of Alaska will include a 3MW energy storage system.  

Currently, energy strorage used in island projects comes from technical considerations, such 

as protecting system stability, increasing renewable penetration and serving as system backup. 

However, from a cost perspective, relative to diesel generation or laying underwater cables, micro 

grids energy storage can save generation costs but is not yet able to be profitable. In the future, 

following breakthroughs in energy storage technology and cost reductions, energy storage 

equipment will have more applications on island systems as it can not only improve an island 

systems electrical system and increase the quality of life for residents, but can also help generation 

companies see a faster return on investment and even be profitable. All over the world, island 

renewable energy systems and micro grids with co-generation supported by energy storage  

technology is becoming a major new development direction. 
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4. Profitability analysis of frequency regulation energy 

storage applications 

Frequency is a major indicator of balanced power quality. It relates to the safe and 

economical operation of much of the equipment in the power system, with electronics facilities 

and precision processing facilities having especially high requirements on the grid's frequency. 

Thus, it is necessary to control the frequency within a certain range. China's national standard is 

GB/T15945-1995, setting the frequency control range at 50±0.2 Hz, for at least 98% of the time. 

According to the 'Provisional measures for grid-connected power plant frequency regulation 

management,' (Provisional Measures) put forth by SERC (State Electricity Regulatory 

Commission, which later became the NEA, National Energy Administration), frequency 

regulation ancillary services are divided into primary frequency regulation and AGC (automated 

generation control), with AGC as secondary.  

Provisional Measures stipulates that primary frequency regulation must be provided by 

generators to ensure the safe and stable operation of the electric system and power quality, without 

receiving compensation. AGC is not classified as a basic ancillary service, and can receive a 

certain amount of economic compensation. 

1) Status of energy storage applications in frequency regulation 

ancillary services 

Although most high capacity energy storage projects deployed in the grid, such as the ESSs 

used in wind and solar systems, will use frequency regulation as one of several designed 

functions, whether or not energy storage can participate in the ancillary storage market closely 

involves ES costs, ancillary service compensation mechanisms, access to the electric market, and 

other aspects. The amount of ES projects addressing frequency regulation ancillary services is 

rather limited. 

The US currently has the most ES frequency regulation projects, including the 20 MW 

flywheel station in Stephentown, NY, and the 8 MW AES station also in NY. Chile has also built a 

few frequency regulation ES projects, including three AES projects commissioned by SING, 

Chile's northern grid operator. China has also begun ES frequency regulation plant testing. In 

September 2013, China's first such plant, the Shijingshan Power Plant energy storage station 

project in Beijing, was formally commissioned. 

Technologically, flywheels and lithium ion batteries dominate the frequency regulation 

ancillary service field. Among existing frequency regulation projects, Beacon Power is the model 

flywheel technology company, and A123 Systems is for lithium ion battery technology. 
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2) Effects of current policies and electric pricing mechanisms on 

frequency regulation 

The policies deciding and having an impact on China's frequency regulation ancillary service 

market is primarily the 'Provisional measures for grid-connected power plant frequency regulation 

management,' (henceforth 'Provisional Measures') put forth in 2006 by SERC (State Electricity 

Regulatory Commission, which later became the NEA, National Energy Administration), the 

regional 'Generator grid integration operations management bylaws' and 'Grid connected generator 

ancillary services management bylaws' (henceforth 'two bylaws') that followed put forth by 

Northeast China (Heilongjiang, Jilin, Liaoning), Northwest China (Shaanxi, Gansu,, Qinghai, 

Ningxia, Xinjiang), North China (Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia), East China 

(Anhui, Fujian, Jiangsu, Jiangxi, Shandong, Zhejiang, Shanghai), and Southern (Guangdong, 

Guangxi, Hainan, Hong Kong, Macau) SERC. 

The Two Bylaws set the ancillary services by the provinces and above mentioned electricity 

dispatch transaction mechanisms for direct dispatch supplied by grid connected thermal and hydro 

power plants. Grid dispatch, according to 'on demand allocation' principle, arranges the ancillary 

service handled by the generators, as well as compensation and penalties according to the actual 

dispatch result. 

The frequency regulation provided by the units, divided in two types, primary frequency 

regulation and secondary regulation (AGC), as set by the 'Two Bylaws.' Primary frequency 

regulation is the ancillary service which must be provided by the generator. It is not compensated, 

and the generator will be penalized or fined (money taken from an existing, already set aside pool) 

if they do not meet these requirements due to internal causes.  AGC ancillary service provided by 

generators can receive compensation, with different compensation standards in each region. 

Similarly, the generator is fined or penalized if it fails to provide the service at standard due to its 

own causes. 

Energy storage cannot presently participate as an independent power source in China's 

ancillary service market. For energy storage to participate in this market, it must find a particular 

channel, such as combining with the operations of an existing power plant. The Beijing 

Shijingshan Power Plant energy storage station project uses an energy storage battery - power 

plant combined operation mode, providing frequency regulation ancillary service to North China's 

grid, and is presently the only such successful example. 

It should be noted that as policies are revised and improved, energy storage opportunities in 

ancillary service participation will slowly emerge. For example, in the North China grid, wind 

power will be brought into the ancillary service category. As wind power is difficult to control, it 

is fundamentally almost unable to provide frequency regulation and other ancillary services. As 

this would lead to fines and penalties, the installation of energy storage facilities would its 

frequency regulation operations, potentially turning fines and penalties into earnings and benefits. 
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Benefit analysis of energy storage applications in frequency 

regulation ancillary service 

benefit analysis 

There are three types of earnings for frequency regulation: primary frequency regulation fines 

and penalty expense, AGC fines and penalties expense, and AGC variable compensation fees. 

Under the current market conditions in China, as energy storage is not permitted to act as an 

independent power source participating in the ancillary services market, combining operations 

with power plants within the scope of ancillary service rules and regulations is the best potential 

way for energy storage to provide ancillary services. In this method, energy storage revenues can 

be divided into three parts: decreasing primary frequency regulation fines and penalty expense, 

decreasing AGC fines and penalty expense, and AGC compensation fees. 

Under normal circumstances, the performance of energy storage batteries greatly surpasses 

that of thermal turbines. If thermal power plants take the same fines and penalty targets, then such 

fees for energy storage batteries could reasonably be considered as negligible. However, as this is 

a joint operation with the thermal power plant, the amount that can be saved depends on the 

generator's frequency regulation participation, which closely relates to its capacity, energy storage 

capacity, the performance of the turbines, and other factors. 

In AGC compensation, each regional grid has differences, which can be roughly divided as 

such: available capacity compensation; variable power compensation; and variable power 

compensation taking into account the variable performance of the turbines. 

In addition, under joint operations with a generator, energy storage must frequently respond 

to the grid's signal, allowing the generator unit to operate in more stable working conditions, thus 

improving the generation unit's operational untilization rate and lessening wear and tear. These are 

also benefits of energy storage providing frequency regulation service. At present, these benefits 

lack standards for calculation and are very difficult to measure. 

If: energy storage could participate in frequency regulation as an independent power source; 

the ancillary service market fines and compensation methods are not changed; and if the current 

standards are kept in place: due to the vast superiority of energy storage battery signal response 

performance over thermal and hydro turbines, energy storage stations could reasonably be 

assumed to incur no fines or penalties, and gain revenues from providing AGC services. 

At present, a set profitable business model must take shape and a series of reforms and policy 

changes must take be put in place for energy storage batteries to participate in China's present 

frequency regulation ancillary services. 

China cases studies 

On September 16, 2013, the Beijing Shijingshan Power Plant energy storage freqeuncy 

regulation system formally began grid-connected operation. The project is the first energy storage 
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battery project to provide frequency regulation ancillary service to the grid in China. It was 

developed and is operated by Ray Power, and employs a 2 MW / 0.5 MWh system with an A123 

battery system and ABB control system. 

US usage cases 

FERC (US Federal Energy Regulatory Commission) defines frequency regulation ancillary 

service as an electric resource that is a rapid response system operational requirement, uses 

automated generator control to bring about rapid output changes (MW/minute), resolves minute 

scale system load and generation fluctuations, and can be automatically controlled online. 

Traditionally, frequency regulation ancillary service was provided by generators, with each 

generator providing a quota of 2% of its capacity for frequency regulation. The rules and 

regulations of each RTO/ISO use a bidding mechanism to determine the price of and who supplies 

frequency regulation ancillary service. 

Over the last five years, as many types of emerging energy storage technologies entered the 

electric system's AGC frequency regulation domain, the US electric market began to gradually 

adapt and launched new policies, such as FERC's Order No. 755 (2011) and Order No. 784 

(2013). These made it such that energy storage could get more appropriate compensation, and 

strengthened their competitive advantage in frequency regulation ancillary service. 

The PJM ISO is the largest frequency regulation market in the US. Power sources, including 

energy storage stations, that fulfill PJM's requirements and related testing use the online platform 

eMKT to provide frequency regulation services to PJM, going through three steps: competitive 

pricing/bidding, ranking, and settlement/payment price determination. 

Beacon Power's 20MW/5MWh flywheel frequency regulation plant in Hazle Township, 

Pennsylvania, (within PJM) is a good example. The first 6 MW entered operation in October 

2013. Under the provisions set out in FERC Order 755 and PJM's related policies, the project is 

already commercially feasible for providing frequency regulation ancillary service. 

This White Paper, based on PJM's pricing system, simulates that a 20 MW flywheel station 

could make yearly revenues of $6.6M. This is significantly profitable. 

5. Analysis of energy storage in demand response 

applications 

Demand response is one of the cornerstones of a Smart Grid. In 2012, FERC defined demand 

response as: Power customers, repsonding to price signals and incentives, changing their power 

consumption behavior during peak demand periods or times of grid instability. Demand response 

brings greater flexibility to electicity customers and provides a direct and effective method of 

reducing electricity use and solving the supply and demand gap. 



                                                              

25 

 

1) The status of demand response applications 

Demand response can be provided to a variety of electric power customers, including 

residential customers, industrial customers and commercial customers, and there is a complex 

variety of technology types. Currently these types can be categorized into price mechanism-based 

demand repsonse and incentive-based demand response. 

Price-based demand response refers to customers changing their electricity use habits based 

on changes in the price of electricity in order to lower electricity costs. Currently, this type of 

demand response is generally used by residential customers. 

Incentive-based demand response mainly includes demand repsonse resources participating 

in ancillary services markets and contract agreements to help grids manage deal with emergency 

situations. In this situation, an incentive mechanism is generally needed to promote this form of 

demand response, such as a subsidy, reward, or punishment. This type of demand response 

resource generally comes from commercial and industrial customers, or from open electricity 

market trading. 

North America is and for a long time will be the leading market for demand response. 

However, more and more governments and utilities will start to pay attention and gradually 

implement demand response demonstration projects. Demand response projects in Asia, Europe 

and the Middle East are on the rise and will jointly help to promote the rapid development of the 

technology. 

2) The influence of current policies on demand response 

applications 

Government policies have always been an important driver for the developmemt of demand 

response. For example, the development process of demand response in the U.S. has followed a 

series of supporting policies such as "Energy Policy Act" (EPACT, 1992), "Energy Policy Act" 

(EPACT, 2005), FERC Order No. 888, etc. 

In order to solve growing electricity demand problems, China has also released a series of 

demend response-related policies, such as "Electric Power Demand Response Management 

Approach" released in late 2010 and "Orderly Power Management Approach" released in April 

2011. Additionally, in order to promote the implementation of demand response, the National 

Development and Reform Commission has selected Beijing, Tangshan Suzhou and Foshan as sites 

for energy efficiency and load management testing that is mainly aimed at reducing commercial 

and industrial peak load and enhancing power efficiency. 

Although a series of policies have been released in recent years, neither China's demand side 

management, or demand response, have seen satisfactory development; there is still quite a ways 

to go for China to reach the true essence of demand response technology. In all policies, coercive 

measures such as administrative measures and load control equipment are the most commonly 
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seen load management methods. Although these are effective ways of rapidly decreasing peak 

demand, forcing enterprises to stop normal operation causes very significant economic losses. 

Demand response still need a more effective means of regulating the market and better price 

mechanisms before it can develop further. 

3) The role and prospects for energy storage in demand response 

applications 

Energy storage and demand response are both complementary to one another and competitive 

with one another. First, without using energy storage, demand response can lower peak loads 

thtrough changing customers electricity use patterns, directly competing with energy storage that 

can similarly reduce peak load and balance loads. On the other hand, theortically, energy storage 

can realize the same functions that demand response can. Energy storage can serve as a 

technology that provides demand response by helping electric power customers lower their peak 

demand and earning revenue through participation in demand response.  

Currently, because of the high costs of energy storage, the majority of demand response 

projects have not used battery energy storage technology (although cold and heat storage have 

been considered). Because of this, in the process of demand response implementation, electric 

power customers must change their power use behavior by shutting off equipment or shifting the 

time of energy use. For some core power usage areas such as hospitals, financial facilities and 

high-tech production bases, temporarily reducing power usage can have very large impacts, so 

these areas are generally not able to participate in demand response. 

Using energy storage for demand response has some obvious advantages. For example, using 

energy storage along with demand response technology, load reduction can be achieved while not 

needing to change electricity use patterns, providing continuous power use for the customer, 

providing a more complete functionality. 

In areas that have experienced rapid growth in demand response, demand repsonse providers 

have already started to use energy storage batteries to participate in demand response services. For 

example, Alstom has recently released its MaxSine eStorage energy storage integrated system. 

Through use of a 2MW energy storage battery (that can be increased to up to 12MW), this system 

can be applied on the generation side, transmission and distribution or the end-user side to provide 

frequency regulation, peak shaving and demand response functions. Following the future advances 

of energy storage technology, price reductions and increased grid demands  for system 

management and flexibility energy storage will have a clearer and possibly major role in demand 

response technology. 
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4) Discussion of the benefits of energy storage in demand response 

applications 

There are many factors influencing the benefits of demand response. Benefits must be 

analyzed based on the electricity prices and incentive policies of specific locations. But no matter 

what kind of demand response project, the main participant is the electricity customer. There are 

two majors situations driving a customer to implement a demand response project. One is to lower 

local electricity costs and another is to use existing load resources to directly make a profit. These 

two cases include practically all of the existing commercial demand response models. 

Demand repsonse technology and policies are both relatively mature in North America. This 

region has seen the formation of sound business models. Following energy storage cost 

reductions, some demand response solutions will incorporate energy storage technology and will 

be able to acheive high especially high value in certain scenarios. 

Because demand response is still a very new application, related research work has only just 

begun. Therefore, there is still no mature benefits evaluation method. In Europe and the U.S., 

some authoratative research organizations are currently carrying out research. With support from 

the Department of Energy, some major U.S. National Labs are working on a research project titled 

"Demand Response and Energy Storage Integration Study". Participants include Sandia National 

Lab, Nantional Renewable Energy Laboratory, Lawrence Berkeley National Labs and Oakridge 

National Labs. 

Currently, some professional demand response service providers have began to appear. These 

companies provide total solutions that take advantage of local electricity prices and incentives to 

make a profit and do not require the user to operate the demand repsonse technology. For example, 

SolarCity has developed a product called DemandLogic that combines solar PV and energy 

storage equipment to reduce an electricity comstomers demand charges and also provide backup 

power. 

6. Analysis of energy storage applications in smart 

buildings 

1) The role of energy storage in smart buildings 

According to PRC Ministry of Construction's 2007 "Intelligent Building Design Standards" 

(GB/T50314-2006), intelligent buildings combine information facilities, IT applications, building 

equipment management systems and public safety systems. Structure, systems, services, 

management and related optimization are integrated together to provide people with safe, 

efficienct, convenient, energy-saving, environmental and healthy buildings. IBM believes that 
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being "intelligent", an intelligent building integrates integrated systems, modern computing 

technology, modern communications technology, modern control technology and modern organic 

architectual design to provide owners with reasonable investment for a safe, efficient, comfortable, 

convenient and flexible building envirnoment. 

Energy systems for intelligent buildings often include energy production and delivery 

systems, energy storage systems, user-end energy use systems and smart energy service systems. 

The role of energy storage systems in intelligent buildings can is summarized below:  

(1) Provide the building with a high-efficiency, safte and reliable power source, ensure the 

uninterupted operation of equipment and instruments and improve power quality 

(2) Work together with small scale solar PV or wind in a distributed micro grid system, 

optimize the power structure and reduce electricity costs. Fuel cells can also provide a power 

source for buildings, safeguarding a building's power supply.  

(3) Thermal storage systems shift peak electricity consumption and save on electricity 

costsfor the building owner under TOU pricing policies. 

2) Domestic and international development status 

Since the construction of the City Place building in Hartford, Connecticut, smart buildings 

have swept across the world in a very short period of time. In the 21st century, while globalization 

continues to accelerate, intelligent buildings are becoming an important part element of modern 

cities and are gradually integrating into larger "Intelligent City" development models, gaining a 

wider space for development, and displaying different characteristics in different regions. 

The development of intelligent buildings in the U.S. mainly follows the development of 

Smart Citiy construction and demonstrations that rely on Smart Grid development. For example, 

the Boulder, Colorado Smart City project is composed of the Smart Grid, distributed solar PV, 

electric vehciles, residential energy storage systems and energy management services. 

The development of Intelligent Buildings in Japan is mainly focused around the development 

of the Smart Grid and Smart Cities. Japan began the construction of intelligent buildings in 1985, 

establishing development plans for Smart devices, Smart homes, Smart buildings and Smart 

Cities. For example, Yokohama City, Toyota City, Kansai Science City (Kyoto) and Kitakyushu 

are the sites of ongoing empirical projects with the goal of exploring the role of the smart grid and 

smart cities in Japan's urban environments. 

Europe's Intelligent building development is also based on the development of Smart Cities. 

Stockholm, Amsterdam, Lyon, Malaga and other cities are actively exploring and attempting to 

build intelligent buildings. "Energy positive buildings" are taking advantage of solar PV, battery 

systems and energy conservation eqiupment. Also, smart charging stations for electric vehicles are 

providing effective controls for the supply and demand at the regional level through the 

introduction of electrical controls and community energy management networks. 

Compared to other regions of the world, the field of intelligent buildings in China is mainly 
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focused on large public buildings such as office buildings, convention centers and libraries. There 

is less of an emphasis on Smart Cities and regional energy intergration. Currently, China is 

developing in the direction of green energy conserving buildings and intelligent communities, led 

by the example of the Tianjin Sino-Singaporean Eco-City's new industrial park. Following the 

acceleration of China's new urban development models, intelligent buildings based on smart 

controls and supply systems and Smart Cities will have broad room for development. 

3) Typical Case Analysis 

In 2010, Japan began the Yokohama Taisei Technology Center project. This project is based 

on a group of five buildings in the in the Taisei Group's "Taisei Technology Center" located in the 

Totsuka District of Yokohama City. Under the control of an intelligent building control system, the 

project acheives harmonization of three major energy-related objectives: Production (generation 

and heating), Storage (electrical energy storage and thermal storage) and use (equipment use). 

This project is equipped with a 40kW solar PV system, a peak shaving-oriented 72kWh 

battery energy storage system and another 33kWh energy storage-oriented energy storage system. 

The peak shaving-oriented lithium-ion battery energy storage system partipates in demand 

response through rapid charging and discharging to solve the buildings peak load problems. The 

energy storage-oriented system is capable of storing electricity generated by solar PV panels and 

uses this stored electricity for backup power. 

Additionally, the project also includes a thermal storage system that uses sunlight to heat 

water and directly feed it into the building’s heating system, which significantly reduces the 

building’s heating load. 

7. Energy Storage in Smart Transportation 

1) The role of energy storage in smart transportation 

Intelligent Transportation System (ITS), is an advanced comprehensive transportation 

management system integrating information technology, rapid data transmission technology, 

electronic sensing technology, control technology, and computer technology. Thus, building a real-

time, accurate, and highly effective integrated transportation management system with a large 

scope and all-around functionality. 

EVs, due to their high efficiency, low noise and pollusion levels, simpler design, and control 

functionality, etc, have become a major development orientation of the transportation industry 

over the past few years for all modes of transportation. Building on ICT, EVs can be made into 

smart energy vehicles, advancing integration and fit between them and the energy grid and 

transportation network. This is becoming the development orientation of the future intelligent 

transportation system. 
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Energy storage applications in this field center primarily on bringing EVs to realization. EVs, 

in addition to being a type of load, are also an extremely valuable energy storage resourse, 

regardless of whether the battery is being used in the vehicle or in a secondary market application 

(after its useful life as a propulsion battery is over).  Their stored energy is a fantastic resource for 

ensuring and optimizing grid operations. Applications of EVs and their batteries in the energy 

storage field mainly include V2G (vehicle to grid) and secondary market uses. 

2) Foreign and domestic development status 

V2G foreign and domestic development status 

EVs are both a type of load and an energy storage facility. As a transportion tool, they are 

parked for over 85% of the day. As plug-in hybrids and PEVs enter the market en masse, parked 

EVs will have enormous energy storage capacity. 

Using EV batteries as grid energy storage units and integrating them with the electric system 

is not only technologically feasible, but also very economically advantageous: 

 For EV owners, providing smart, individualized charging increases the economical 

benefits of EV ownership; 

 The ability to regulate and control EV charging behavior reduces its impact on the grid, 

ensuring a reliable power supply for the EVs; 

 Increasing grid stability and reliability, optimizing utilization rates of electric facilities, 

increasing grid operation efficiency, reducing costs of grid operation; 

 Providing power supply buffers, resolving fluctuation issues of wind, solar, and other 

intermittent renewable generation, and increasing the utilization rates of renewable 

power; 

 Reducing the greenhouse gas emissions of the transportation and electricity industries, 

improving overall energy efficiency and emissions reduction benefits, and bringing 

about the economic sustainable development of society. 

There are many technology and business model issues to be resolved for V2G.  

On the technology side, intelligent dispatch technology, information communications 

systems, smart charge/discharge mangement technology, battery management technology, and 

others are all key fields awaiting breakthroughs. V2G demonstration projects in operation mainly 

employ one-dimensional strategies, and have been unable to establish a unified strategy and mode. 

V2G's impact on battery functionality and user behavior is not often given much consideration. 

When comprehensive, highly efficient, low cost, consistent technology platforms and design 

standards are established, V2G technology will spread to all types of different vehicles, grid 

systems, and usage fields. 

For business models, current electric policies are unable to provide sufficient incentivize for 

EV owners to participate in V2G. How to improve V2G participation, profitability, and incentive 
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without effecting EV usability, as well as policy measures and market participation mechanisms 

need to be resolved. 

In December 2013, California released its California Vehicle-Grid Integration (VGI) 

Roadmap: Enabling vehicle-based grid services, outlining the following steps. The first step is to 

clarify the value and development potential of V2G technology. Step 2 is to set the policies, rules 

and regulations, and business operation modes necessary to promote the development of V2G 

technology. The third step is the backing of technology R&D and testing, and demonstration 

projects. 

EV battery second life applications foreign and domestic development 

status 

The development potential of EV battery second life energy storage applications are outlined 

as follows:  

 EVs play a major role in emissions reduction, improving energy security, and reducing 

petroleum consumption. All countries are paying very close attention to EV 

development, and EVs will reach an equally signficant scale; 

 Lithium ion batteries, while having already been improved greatly in terms functionality 

and lifespan, are still rather costly. Second life applications could reduce total system 

costs by 50%, which would greatly promote new energy vehicle market development; 

 The untreated, unrecycled direct disposal of EV batteries harms the environment and 

wastes resources; 

 The rapid expansion of wind, solar, and other new energy technologies causes electrical 

stochasticity and fluctuation issues to become more and more prominent, greatly 

increasing demand for energy storage systems.  

 Peak shifting, backup power, and other energy storage applications do not require rapid 

charge/discharge rates, so it is very likely that second-life batteries could effectively 

address such uses. 

As the EV industry enters a rapid development phase, the value vehicle makers are placing 

on second-life applications is constantly increasing. The majority are cooperating with battery 

companies, developing second-life research and demonstration efforts. For example, Sumitomo 

and Nissan jointly established 4R Energy Corporation, which built one of the first large scale 

stationary ESSs using worn-out EV batteries. Ford Motor Company installed a 50 kWh ESS made 

from worn-out EV batteries to support the 500 kW rooftop solar PV system at its Michigan plant. 

BMW and Vattenfall jointly developed second-life uses for MINI E and BMW ActiveE batteries. 

It should be noted that, under normal usage conditions, existing EV batteries can operate for 

6-10 years. The EV industry is still in its initial expansion and usage stage, and the amount of EV 

batteries that have reached the end of their first-life cycle and can be used for such research is very 

limited. There is sufficient data and experimentation to evaluate battery functionality, explore 



                                                              

32 

 

usage areas, establish business models, and gain economic benefits. 

3) Representative cases 

In 2009, Demark lauched the EDISON project (Electric vehicles in a Distributed and 

Integrated market using Sustainable energy and Open Networks) to study and demonstrate the 

roles of intelligent EV grid integration for renewable energy modulation in both centralized and 

decentalized electric markets and scenarios. It is built in Bornholm. 

EDISON includes four project: 

(1) Virtual power plant (VPP) usage in the unified management of EVs; 

(2)  Using EVs to resolve wind integration and output fluctuation issues; 

(3) Optimizing charging/discharging systems, studying different charging technologies, 

charging control strategies, EV connection scales, business models, etc, and their effects on 

existing electric systems. Breaking through technological bottlenecks restricting EV development. 

(4) Conducting real-life testing on Bornholm Island (40,000 residents), studying how an 

increased amount of EVs will effect the power system, and ascertaining suitable EV development 

scales. 

EDISON's research results show that every EV can provide energy storage capacity about 

90% of the time each day, participating in frequency regulation and other services to the electric 

system. Analysis shows that using EVs to provide frequency regulation is very economically 

beneficial. Considering operation and maintenance costs, an EV battery with 20 kW 

charge/discharge rated power providing 5 kWh of frequency regulation can have a payback period 

of only 2 years. These results prove that EVs have great economic potential. 

8. Energy Storage Development Status and Outlook 

1)  Global energy storage market status and outlook 

Global energy storage market status 

In 2013, the energy storage industry continued its development. According to CNESA's 

statistics, outside of pumped hydro, CAES, and thermal energy storage, energy storage projects 

reached a total installed capacity of 736 MW, a 12% increase over 2012.  

North America, Europe, and Asia Pacific saw the most project development.  

The US is home to half of the world's demonstration projects, commissioning several larger-

scale projects in 2013. These included AES's 40 MW frequency regulation project in Dayton, 

Ohio, (PJM), and its 10 MW wind farm project in Maui Island, Hawaii. For the first time, global 
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installed capacity exceeded that of Japan's, which still ranks number one. 

Europe, in recent years, planned to push forward great amounts of renewable energy 

generation, a very large prospect for ES development. Germany, the UK, France, Spain, and other 

countries in 2013 continued to install many projects, involving T&D (transmission and 

distribution), smart cities, island microgrids, and other fields. Germany stood out, especially 

following the launch of its ES subsidy policy incentivizing the home-use energy storage market 

with projects totalling 30 MW already receiving the subsidy. In addition, the government is in the 

process of deploying large scale frequency regulation ES projects. Very strong prospects for ES.   

Japan's installed ES capacity is second only to the US, though NGK's sodium sulfur (NaS) 

batteries make up a large part of this. The company has already installed over 300 MW across 

many projects, though as many of the company's demonstration projects began very early, several 

have already ceased operation. 

South Korea has been a hot spot for the last two years, entering smart grids, micro grids, 

EVs, fuel cell vehicles, and other fields. Samsung SDI, LG Chem, and other enterprises have 

successfully completed several projects in the European and North American markets, including 

the 6 MW / 10 MWh T&D project in Buzzard, UK. 

China's energy storage market has grown rapidly in the last 2 years, with several projects 

being deployed for the grid integration of renewables, distributed generation and micro grids, EVs, 

and fields. 

From an applications perspective, in terms of installed capacity, renewables integration is the 

largest field, accounting for 51%, with T&D, distributed generation and micro grids, and ancillary 

services making up 19%, 8%, and 16% respectively. 

In terms of technology choice, as of the end of 2013, NaS (sodium sulfur) batteries remained 

with the largest share of installed power (MW) of 45%, with lithium ion batteries and lead acid 

batteries making up 32% and 12%. 

Global energy storage market outlook 

Many well-known research companies have released reports on the energy storage market 

forecasts. 

 MarketsAndMarkets predicts that the market for advanced batteries in grid and T&D 

sectors will grow at a CAGR (compound annual growth rate) of 10% from 2013 to 

2018, reaching $10.8B in 2018.  

 Lux Research predicts that the grid scale energy storage market will reach $10.4B in 

2017. 

 Boston Consulting predicts that the grid scale energy storage market will reach $400B 

[sic] by 2020.  

While the forecasts vary greatly, there is a clear consensus that there will be wide-spread 

growth and promising prospects. 
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Regarding applications, a wide range are garnering interest, including wind storage, solar 

storage, micro grids, ancillary services, T&D investment deferment, EV energy storage 

applications, and demand response. 

 Energy storage systems integrating wind and solar generation with the grid are forecast 

to grow by 21.8 GW, according to Navigant. 

 Energy storage installed capacity in distributed generation and micro grid applications 

are forecast to grow from 817 MWh globally to 15182 MWh from 2014 to 2024, 

according to Navigant. 

 The global market for ancillary services is forecast to grow from 45 GW in 2012 to 55 

GW in 2022, of which 3-7 GW will be provided by energy storage systems, according to 

Pike Research (now Navigant). 

 The global market for utility scale energy storage applications is forecast to grow from 

$0.164B in 2013 to $2.5B by 2023, according to Navigant. 

 V2G-capable (vehicle to grid) PEVs (plug-in EVs) will exceed 250,000 globally 2022, 

with nearly all of these V2G systems being able to participate in ancillary services 

markets, according to Navigant. 

2) China's energy storage market status and outlook 

China's energy storage market status 

According to CNESA's statistics on projects in operation and under construction, total 

installed capacity of energy storage projects increased from 47.7 MW in 2012 to 64.9 MW in 

2013, an increase of 36%.  

Renewables integration, and distributed generation and micro grids were the two most 

significant applications.  

Each of China's regions developed energy storage projects, with the most development 

occuring in North China (Beijing, Tianjin, Hebei, Shanxi, and Inner Mongolia), an average 

amount in Northeast China (Heiilongjiang, Jilin, and Liaoning), Northwest China (Shaanxi, 

Gansu, Qinghai, Ningxia, and Xinjiang), and South China (Guangdong, Guangxi, Hainan, Hong 

Kong, and Macau), and with the least development occuring in the Southwest China (Chongqing, 

Yunnan, Sichuan, Guizhou, and Tibet)  and Central China (Hubei, Hunan, Henan) regions 

Energy storage applications in North China are mainly in wind power and in distributed 

generation and micro grids. The region also hosts China's only frequency regulation energy 

storage station, the Shijingshan Power Plant energy storage station project. 

The major ES application in Northeast China is wind power. Major projects in this region 

include the Guodian Hefeng Beizhen Wind Farm Energy Storage Project and the Longyuan Faku 

Woniushi Energy Storage Project. 
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The major ES application in Northwest China is in distributed generation and micro grids, 

most of which are off-grid projects. 

In East China, island distributed generation and micro grids are most prevalant, such as the 

East Fushan Island Wind-Solar-Storage-Biofuel Integrated Desalination System of Zhoushan City, 

Zhejiang.  In addition, the region invested in mobile energy storage projects to address the electric 

shortage periods of particular locales, gaining great experience. Mobile lithium ion battery stations 

have been used for easing such electric supply shortage periods. 

In South China, most of the energy storage activity is in the distribution side. This includes 

the Southern Grid Baoqing Plant. Island distributed generation and micro grids also make up a 

larger share - such projects include the Zhuhai Dong'Ao Island Smart Grid Program, and the 

Hainan Sansha Micro Grid Project. 

As of the end of 2013, in terms of installed capacity, lithium ion batteries made up the largest 

share, 66%, followed by lead acid batteries and flow batteries with 20% and 14%, respectively. 

China energy storage market outlook 

As more and more demonstration projects become operational in China, China's interest in 

energy storage will similarly rise.  It is predicted that by 2020, the China energy storage market 

will 136.97 GW (including pumped hydro, thermal storage, and other technologies), making up 

7.6% of the 1800 GW of total installed generation capacity forecast for that year. Expansive 

development prospects exist for energy storage. 

Renewables integration, distributed generation and microgrids, T&D (transmission and 

distribution), ancillary services, and EV applications will continue to be the five major sectors for 

energy storage application in the future. 

Appendix: Technical Volume 

This white paper continues tracking of energy storage technology development, emphasizing 

hydrogen power storage and usage, and ice and cold storage technology. This includes technology 

theory, developing application conditions, global development structure, and representative 

producers. 

In addition to the above two technologies, in 2013, there was a great amount of R&D 

success, new technologies, and new products pushing towards the market, including lithium ion 

batteries, flow batteries, fuel cells, and other major technologies. This white paper will provide 

detailed summaries and conclusions on this content.  

In 2013, energy storage technology R&D gave rise to the following:  

 EVs became an important element in propulsion battery technology R&D; 

 Developing battery systems with greater energy density, longer life cycles, and lower 

costs have always been the focus of energy storage R&D; 
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 In stationary energy storage, flow batteries remain a focus of research and application 

 The development of large capacity propulsion batteries were supported; 

 Hydrogen and fuel cells became a focus and major value of many countries. 
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