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ABOUT CEEW 

 
The Council on Energy, Environment and Water is an independent, not-for-profit policy research 

institution. CEEW addresses pressing global challenges through an integrated and internationally 

focused approach. It does so through high quality research, partnerships with public and private 

institutions, and engagement with and outreach to the wider public. In June 2013, the International 

Centre for Climate Governance ranked CEEW 15
th

 globally in its first ranking of climate-related 

think-tanks and number 1 in India.  

 

In under three years of operation, CEEW has: published the 584-page National Water Resources 

Framework Study for India’s 12th Five Year Plan; written India’s first report on global governance, 

submitted to the National Security Adviser; undertaken the first independent assessment of India’s 22 

gigawatt solar mission; developed an innovation ecosystem framework for India; facilitated the $125 

million India-U.S. Joint Clean Energy R&D Centre; worked on geoengineering governance (with 

UK’s Royal Society and the IPCC); created the Maharashtra-Guangdong partnership on sustainability; 

published research on energy-trade-climate linkages (including on governing clean energy subsidies 

for Rio+20); produced comprehensive reports and briefed negotiators on climate finance; designed 

financial instruments for energy access for the World Bank; supported Bihar (one of India’s poorest 

states) with minor irrigation reform and for water-climate adaptation frameworks; and published a 

business case for phasing down HFCs in Indian industry.  

 

Among other initiatives, CEEW’s current projects include: developing a countrywide network of 

renewable energy stakeholders for energy access; modelling India’s long-term energy scenarios; 

supporting the Ministry of Water Resources with India’s National Water Mission; advising India’s 

national security establishment on the food-energy-water-climate nexus; developing a framework for 

strategic industries and technologies for India; developing the business case for greater energy 

efficiency and emissions reductions in the cement industry; and a multi-stakeholder initiative to target 

challenges of urban water management. 

 

CEEW’s work covers all levels of governance: at the global/regional level, these include 

sustainability finance, energy-trade-climate linkages, technology horizons, and bilateral collaborations 

with China, Israel, Pakistan, and the United States; at the national level, it covers resource efficiency 

and security, water resources management, and renewable energy policies; and at the state/local level, 

CEEW develops integrated energy, environment and water plans, and facilitates industry action to 

reduce emissions or increase R&D investments in clean technologies. More information about CEEW 

is available at: http://ceew.in/. 
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ENERGY STORAGE FOR OFF-GRID RENEWABLES IN INDIA:  

Understanding options and challenges for entrepreneurs 
  

The intermittent nature of renewable energy sources, such as the sun and wind, leads to large 

fluctuations in the generation of electricity. Energy storage subsequently becomes important 

to tap renewable energy in an efficient manner. It is estimated that by 2020, the market 

potential for energy storage systems in renewable energy applications would be in the 

vicinity of nearly 6000 MW. Of this, more than 2000 MW would be in the off-grid renewable 

energy market (IESA 2013).  

 

Currently off-grid entrepreneurs are faced with storage choices that are largely driven by cost, 

forcing them to disregard other options that exist. Alternative storage options, which are often 

left in the periphery, offer a range of the benefits for the consumer and the environment at 

large. While trade-offs are inherent in any technology choice, there must be a comprehensive 

understanding of the various desirable attributes of storage system, the benefits and potential 

pitfalls of any choice and most importantly a long term goal on which to focus. By expanding 

the horizon of choices, off-grid entrepreneurs could examine new applications and business 

models using various energy storage technologies, support more sustainable environmental 

management of batteries, and promote innovation in emerging technologies.  

 

This paper seeks to take lay out the available storage technologies in India, discuss challenges 

faced in moving towards more efficient technologies, and identify potential points of 

engagement that the Renewable Energy Working Group (REWG) may like to pursue.   

 

1. Energy Storage: Which functions, what scale and at what cost?   

 

Storage technologies are varied and no single solution can score high on all the attributes 

desired from an ideal storage system. Capacities vary from small scale storage (in the 

magnitude of few Wh e.g. mobile phone batteries, clocks, remote etc.) to medium size 

storage (in magnitude of kWh e.g. residential storage) to large sized storage (magnitudes of 

MWh e.g. grid level storage)  

 

The choice may broadly depend, inter alia, on the size of system, the nature of demand from 

the system, the alternative electricity sources and the marginal cost of peak electricity (IEA-

ETSAP 2012). Table 1 broadly identifies a number of available storage technologies. Some 

are deployed at a commercial scale and others that have demonstrated potential but are yet to 

be deployed in large numbers. 
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The scale argument for battery based storage 

 

Most off-grid renewable energy products and systems are in the range of a few Watts to a few 

hundred kW, and rely on batteries as storage technology. Technologies such as Pumped 

Storage Hydro (PSH), which represents nearly 99% of the bulk storage capacity in the world 

(Economist 2012), and Compressed Air Energy Storage are not suited for small scale 

renewable energy systems due to their scale requirements. There are only three commercial 
                                                      
1
 NGK Insulators: http://www.ngk.co.jp/english/products/power/nas/application/index.html  

 

Table 1: Possible storage technologies 

 

Energy Storage System Typical Application Scale / Example  

Pumped storage hydro(PSH) Large energy storage from grid-

connected sources at times of low 

demand 

1 MW - > 1000 MW (Bath County 

Pumped Storage Station, USA – 

3000 MW) 

Compressed air energy storage 

(CAES) 

Large energy storage from grid-

connected sources  

1 MW – 300 MW 

(Gaines, TX, USA – 2 MW) 

Superconducting magnetic energy 

storage (SMES) 

Grid stabilisation and frequency 

control 

1 MWh – 200 MWh 

Flywheels Grid energy storage, motive power, 

large scale UPS services (labs, etc.) 

3kWh – 5 MWh 

Capacitors and super capacitors UPS for short interruptions in 

conjunction with other batteries 

 

Fuel Cells Large scale energy storage  0 – 50 MW; 10 kW Fuel cell at 

Nakskov, Denmark to store Wind 

Energy from a 600 kW plant 

Batteries 

 

  

Lead Acid Automobiles, household backup, 

industrial backup and grid storage 

 

Varying sizes with the possibility 

to increase voltage supplied (2 V 

cells) 

Nickel-cadmium 

 

Portable electronics, power tools, 

emergency lighting 

Grid energy storage 

 

Varying sizes with the possibility 

to increase voltage supplied (2 V 

cells) 

 

Sodium-sulphur 

 

RE stabilization,  ancillary services 

 

250kWh – 300 MWh 

(Rokkasho, Japan – 34 MW)
1
 

 

Lithium-ion 

 

Portable devices, power tools, 

electric vehicles 

 

Varying sizes with the possibility 

to increase voltage supplied (2 V 

cells) 

 

Flow Batteries 

 Zinc-bromide 

 Vanadium redox batteries 

 

UPS, peak shaving, load balancing  

 

1 kWh – 10 MWh 

Source: CEEW compilation from multiple sources 

http://www.ngk.co.jp/english/products/power/nas/application/index.html
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scale CAES projects that have been implemented and much research is needed to improve the 

efficiency associated with CAES. Superconducting magnetic energy storage (SMES) and super 

capacitors also have high implementation costs and are relatively new technologies (Nair 

2010). Flywheels are mostly deployed for uninterrupted power supply and power 

conditioning. An important (and undesirable) feature of flywheels is their high self-discharge 

rate of between 55% and 100% over a 24-hr period (Beaudin 2010). Scale of implementation 

and maturity of technologies play an important role in the choice of the appropriate 

technology. Off-grid entrepreneurs must balance these factors when choosing a storage 

technology, but often their choices are driven by upfront costs.  

 

The cost argument for battery based storage 

 

The off-grid renewable energy application of energy storage is primarily for solar power 

based home systems in rural areas, simple lighting and charging solutions or roof-top solar 

applications in urban areas. The high costs associated with all storage technologies (including 

batteries) is the most significant barrier to their implementation. While it is difficult to 

compare cost factors across the various storage solutions listed in Table 1 on account of the 

variations observed depending on nature of use and charging, we resort to a rudimentary 

comparison based on cost of these various technologies per unit of power (stored). PSH and 

CAES exhibit relatively low installation costs and are more economical than most (current) 

battery based storage solutions with costs in the range of USD 5-100 per kW of installed 

power capacity. The lowest cost electrochemical storage technologies (i.e. batteries) start at 

USD 100 per kW (Lead acid, Vanadium Redox) and rises up to a few USD 100 per kW 

(Nickel based batteries, Sodium sulphur (NaS)) and even USD 1000 per kW (or more) in the 

case of Li-ion batteries, flow batteries and other technologies such fly-wheels, super 

capacitors, magnetic energy storage, etc.  

 

Given the combination of scale and cost constraints faced by off-grid entrepreneurs, battery 

storage becomes a de-facto choice. Batteries are most commonly used for small scale 

electricity storage because of their high energy densities and relative ease of use (Nair 2010). 

They are most often used as UPS (uninterruptable power systems) at a household level and 

for frequency and voltage regulation at the grid/ utility scale.  

 

The following section will focus on the assessment of the various battery storage options 

available to off-grid entrepreneurs. We discuss the attributes of those batteries which have 

widely found acceptance for use in off-grid and other small scale applications. Sodium-

sulphur and flow batteries have not been discussed as they are geared (currently) for utility 

scale applications. We will also discuss potential points of intervention that may help 

establish an environment conducive to the development of efficient and cost-effective energy 

storage systems for off-grid entrepreneurs.
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2. Technology Assessment 
 

It has been observed that early users have had a less than satisfactory experience with the first 

generation of off-grid renewable solutions (including energy storage). Solar systems have 

failed due to lack of after sales service and due to inappropriate operation of the associated 

components (specifically batteries).
2
 This has led to users taking a cautious approach when 

buying new systems. Batteries, being a crucial part of the system, require users to follow 

‗text-book‘ procedures while charging and discharging batteries to ensure their longevity and 

so that critical parameters
3
 are within the operational envelope.  

 

Batteries used with renewable energy systems have to charge in an unpredictable manner due 

to sudden variation of sunshine, wind speed or water flow. Often these batteries work on 

partial charge for few days in a stretch, leading to frequent deep discharge or lack of charge. 

The entrepreneurs, whom we have consulted, vary between implementing battery solutions 

that require limited maintenance, but with a reduced lifetime and more hands-on solutions 

that require regular maintenance, for example topping up with distilled water. Choosing the 

appropriate storage technology for an off-grid project requires a balance of desirable 

attributes associated with an efficient storage system. Some of these desirable attributes are 

listed below (Figure 1). 

Figure 1: Factors to be taken into account while choosing storage technology 

 
 

Source : CEEW analysis 

                                                      
2
 CEEW interaction with stakeholders and users 

3
 As explained in Table 1 

Overall Cost 
Attributes 

Upfront and 
Installation 

Engineering 
and Balance 
of System 

Maintenance 

Transport and 
Disposal 

Technical 
Attributes 

Storage 
Capacity 

Charge/ 
Discharge 

Rates 

Lifetime 

Efficiency 

Energy 
Density 

Environmental 
Impact and 

Supply  

Environme
ntal Impact 

Safety and 
Health 

Hazards 

Availability 
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The technical attributes listed in Figure 1 have been detailed in the table below (Table 2) 

 

 

Table 2 : Parameters for Performance 

 

Parameter Description  

Energy storage capacity (kWh) Amount of energy that can be stored in the system 

Charge and discharge rates (kW) How fast energy can be charged/discharged 

Response time (seconds, minutes) Time lag between the demand and supply 

Lifetime It is given as the number of cycles, years or stored/provided 

energy(kWh), depending on specific technology 

Efficiency It is the ratio of energy discharged by the system to the energy needed to 

charge it at each cycle and accounts for energy lost in the storage cycle 

Energy density (kWh/kg, 

kWh/m
3
, Wh/l) or Power Density 

(kW/kg, kW/m
3
) 

Energy density matters for applications where space is a premium. 

 

 

Source : IEA-ETSAP-(2012) Electricity Storage :Technology Brief, International Energy Agency 

 

Lead-acid batteries 

 

In use for over a century, lead-acid batteries are the oldest and most mature technology 

available. They have traditionally been used in a number of commercial applications due to 

their low upfront cost, high reliability and efficiency (70-80%). However lead-acid batteries 

also have their own limitations in terms of short life cycle (500-2000 cycles) and low energy 

density (30Wh/kg to 50Wh/kg) due to high density of lead. Lead acid batteries are primarily 

used for two major applications: 1) Starting and ignition requiring short bursts of strong 

power e.g. car engine batteries and; 2) Deep cycle, low steady power over an extended 

duration in UPS for urban homes, solar home systems in rural areas (IEA 2011).  

 

With no single design suitable for all applications, usage specific design is required. Lead-

acid batteries can fall within two major categories:  

1. Flooded  

2. Sealed/valve regulated (SLA or VRLA) 

a. Gel batteries 

b. Absorbed Glass Mat (AGM) 

 

Flooded lead acid batteries have the following limitations. Their orientation should be upright 

in order to prevent electrolyte leakage and a well-ventilated environment is required to 

diffuse any gases that might be emitted during the charging or discharging cycle (Albright 

2012). Most crucially, the electrolyte concentration needs to be monitored at regular intervals 

and demineralised water needs to be provided to ensure this. Flooded batteries have been 

extensively been used for deep cycle applications for many years. 
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On the other hand, VRLA batteries have been developed for standby power with low depth of 

discharge characteristics. They do not require addition of water, which makes it low 

maintenance. This feature enables VRLA batteries to be installed at locations where access is 

difficult, especially in remote areas. However, it increases the cost and decreases the life of 

the battery, both undesirable outcomes. One related factor that reduces battery life is ambient 

temperature. An 8-10 degree Celsius rise in temperature can reduce useful life (in cycles) by 

nearly half, since water that is incorporated within the gel tends to be consumed at a faster 

rate than for which it has been designed. 

 

Environmental and Health Impact: The high lead content and the use of sulphuric acid make 

lead acid batteries environmentally unfriendly. On account of their low energy density and 

bulkiness, lead acid batteries consume larger amount of raw materials (especially when 

compared to Li-ion batteries), making a much larger impact on the environment across the 

entire process chain (cradle to grave). The lead processing industry is also energy intensive 

and leads to large amount of pollution due to limited controls over the process.  

 

Recyclability: Lead acid batteries can be easily recycled by following the right disposal and 

handling practices. Recyclers crush the batteries into small pieces and separate the plastic 

component. The plastic is recycled and the purified lead is delivered to battery manufacturers 

and other industry. A typical lead-acid battery contains 60%-80% recycled lead and plastic 

(USEPA 2013). 

 

The Ministry of Environment and Forests notified the ‗Batteries (Management and Handling) 

Rules, 2001‘, which stipulates that 90% of the batteries are to be collected back through 

dealers. (MoEF 2001). As of September 2010,
4
 there were 353 lead acid battery recyclers 

registered with Central Pollution Control Board (CPCB 2010). However, continuous supply 

of used batteries at competitive price is a challenge for large scale environmentally sound 

recycling facilities. They face tough competition from small scale recyclers who operate 

under greatly reduced efficiencies. These small scale and unregulated recyclers do not face 

costs pertaining to environmental contamination and the health of over-exposed workers. 

Hence, they are able to provide better buyback rates to people who are disposing their used 

batteries, as compared to larger and licensed recyclers. Several studies have also confirmed 

high lead exposures in nearby communities where such recyclers operate. They also observed 

that despite regulations in place, only a small percentage of total used batteries are being 

collected by battery manufacturers (via their dealers and aggregators). There is no penalty for 

manufacturers who fail to meet the regulatory requirements (Occupation Knowledge 

International 2010).  

 

                                                      
4
 No later data available 
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Though lead is highly toxic, the methods used in the manufacturing and packaging of 

batteries makes the risk to humans negligible (Albright 2012). However, it does pose a 

serious health hazard if handled in an improper manner in backyard recycling units, which 

flaunt most procedural norms in pursuit of low cost recycling. 

 

Lithium-ion batteries 

 

Lithium-ion batteries are ―deemed‖ one of the most promising solutions for both large and 

small scale electricity storage. At present, they are predominantly used in mobile phone, 

laptops and electric vehicles, but would need further development for application for power 

storage in other applications.  

 

Lithium-ion batteries have a lithiated metal oxide (LiCoO2, LiMO2, LiNiO2, etc.) as cathode 

and graphitic carbon as anode. Lithium salts dissolved in organic carbonates serve as an 

electrolyte. These batteries have high efficiencies of over 90%, long life cycle of 1500-2000 

cycles and high energy density of 200Wh/kg, lowest self-discharge (5-8% per month at 21°C, 

15% at 40°C, and 31% at 60°C) and have no memory effect (Beaudin 2010). Lithium-ion 

batteries face a major hurdle in terms of high cost due to special packaging and internal 

overcharge protection circuits. Several companies are working to reduce the manufacturing 

cost of these batteries to capture large energy markets (IEA 2011). 

 

Lithium-ion batteries can exhibit discharge times ranging from seconds to weeks making it 

more flexible and a universal storage technology. Easy monitoring and control of the state of 

charge is possible. Lithium-ion batteries must be controlled with a monitoring unit to 

maintain its stability and lifespan. Often internal components and systems are installed 

providing protection for over-charging, over-discharging, over-current, over-temperature and 

relief valves to avoid gas over pressure due to over-charging. Although these systems ensure 

safety, they add volume and complexity, leading to increase in cost (IEA-ETSAP 2012).               

 

Globally, an annual investment of $1 billion is expected in research and development for Li-

ion batteries. Most of the R&D for Li-ion batteries is aimed at reducing the upfront cost and 

further improving the performance of this technology leading to broader use. 

 

In July 2012, Panasonic inaugurated a lithium-ion battery manufacturing unit in China, which 

would cater to the demand of renewable energy powered households in Europe. These battery 

modules would have a nominal capacity of 1.35 kWh with a battery management system to 

control charging and discharging (JCN 2012). Panasonic aims to cut costs by increasing 

production ratio, procuring materials locally and reducing logistics cost (Panasonic 2012). 

Some industry study predictions estimate that the prices of Li-ion batteries could fall from the 

present $500-$600/kWh to $200/kWh by 2020 and $160/kWh by 2025 (McKinsey 2012). 
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In India, R&D into Li-Ion batteries has been initiated by the National Centre for Photovoltaic 

Research and Education (NCPRE) at the Indian Institute of Technology, Bombay. During the 

five-year project, which started in 2009, NCPRE aims to increase the life cycles of the 

batteries and develop a prototype lithium-ion cell for high energy density applications 

(NCPRE 2012). 

 

Recyclability: Currently, it does not make economic sense to recycle Li-ion batteries to 

recover lithium since they contain only small amount of lithium carbonate. The average 

lithium cost associated with Li-ion batteries is less than three per cent. The lithium produced 

from recycling is also five times more costly than that produced from the cheapest brine-

based process (Waste Management World n.d.). Other cell materials have shown high ability 

for recovery and recyclability. It is more valuable to recover costlier metals such as cobalt 

and nickel from these batteries (Albright 2012). Safe disposal is the best way to handle Li-

based batteries at the end of their useful life. 

 

Environmental and Health Impact: Li-ion batteries have shown some impact on humans, due 

to the lithium and copper mining processes. It has also been observed that Li-ion batteries 

have the highest impacts on metal depletion (when compared to Lead acid, Ni-Cd and Ni-

MH) and is one of the most energy intensive batteries in terms of their production along with 

Ni-MH batteries (McManus 2012). 

 

Primary lithium batteries, which contain metallic lithium,
5
  react violently when they come in 

contact with moisture. For example, heavy equipment operating in disposal sites could 

potentially crush and expose a charged lithium-ion battery, causing a fire. Hence, before 

recycling a full discharge must be applied to consume the lithium metal (Battery University 

n.d.). Lithium ion batteries are safe for human health and heating related failures and hazards 

in individual cells are rare (Battery University n.d.). However it must be remembered that 

large battery banks operate with thousands of cells (within the bank) and even with a low 

probability of failure, can still pose a potential threat. 

 

Availability Risks: The major components of Li-ion batteries require the mining of lithium 

carbonate, copper, aluminium and iron ore. Lithium is considered a scarce material since it 

occurs in concentrations lower than 0.01% in the earth‘s crust. Lithium mining is resource 

intensive but could consume lesser energy if extracted from brines. Although Lithium is only 

a minor portion of the battery cell as indicated in Table 3 (below), the low recyclability of Li 

based batteries significantly increases supply risks.  

  

                                                      
5
 cell phone and laptops batteries do not contain metallic lithium 
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Table 3 : Approximate material composition of Li-Ion batteries 

 

Component Percentage 

Cathode active material 22-28%% 

Anode active material 15-18% 
6
 

Carbon 2-4% 

Binder 3-4% 

Copper parts 13% 

Aluminium parts 12-14% 

Aluminium casing 8-9% 

Electrolyte solvent 11-14% 

Plastics 3-4% 

Steel 0.1% 

Thermal insulation 1% 

Electronic parts 0.2-0.4% 

Note: 1. Composition of electrode may vary according to battery manufacturer 

Source : Gaines, Linda, Sullivan, Bumham and Belharouak (2011) ―Life cycle analysis for 

lithium-ion battery production and recycling‖ 90
th

 annual meeting of the transportation 

research board, Washington DC: 11-3891 

 

Nickel based batteries 

 

Nickel-Cadmium (Ni-Cd) batteries  

 

A Ni-Cd battery is made up of a positive electrode with nickel oxy-hydroxide as the active 

material and a negative electrode composed of metal cadmium. They are separated by a nylon 

divider (Connolly 2010). Nickel-cadmium batteries were invented as early as 1899 but were 

introduced in large volumes only in the 1960s. Their small size and high rate of discharge 

capacity revolutionised the usage of portable tools and other consumer appliances for the first 

time. Ni-Cd batteries are known for their robustness, reliability and service life. They can be 

operated over a large range of temperature, last for large number of cycles with a long storage 

life and require only minimal maintenance (Saft Batteries). 

 

Ni-Cd batteries have efficiencies up to 60%-80% and their life span can range upto 10-15 

years. These batteries have life of up to 1000 charging/discharging cycles, can respond to full 

power within milliseconds, and operate over a wider range of temperatures (Connolly,2010; 

Chen, 2009). 

 

However Ni-Cd batteries have some major limitations in form of high cost (upto 

$1000/kWh), low energy density and memory effect, thus requiring periodic full discharge to 
                                                      
6
 Lithium constitutes 1-2% of the electrode element 
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retain capacity (Battery University n.a.). Since renewable energy often includes forecast error 

and variability, Ni-cd batteries cannot operate economically without creating problems 

caused by memory effect (Beaudin 2010). However, proper battery management procedures 

can help overcome these challenges (Chen 2009). Ni-Cd batteries have higher self-discharge 

rate than either of the options discussed in the section. 

 

Despite such shortcomings Ni-cd batteries are a competitive replacement to lead-acid 

batteries due to their ability to supply continuous power for long durations and also for their 

use in applications that require instantaneous power (Nair 2010). 

Environmental and Health Impact: Cadmium is highly toxic and can accumulate in the 

environment by entering into ground and surface water, and can pass to humans through the 

food chain. It is also responsible for numerous lung and kidney related illness. If absorbed, it 

can remain the body for decades (Fishbein n.d.). 

Nickel-metal-hydride (Ni-MH) batteries 

 

Ni-MH batteries are very similar to Ni-Cd batteries and the only difference between them is 

that instead of cadmium, hydrogen is used as the active element at the hydrogen-absorbing 

negative electrode. (Electropaedia n.a.) Ni-MH batteries were patented in 1986 and saw 

massive advancements later. Since 1991, the energy density has doubled the life span has 

expanded. Despite price and safety advantages over Li-ion batteries, it is feared that the hype 

over Li-ion batteries have reduced the popularity of Ni-MH batteries. 

 

Compared to Ni-Cd batteries they have a 25%-30% higher energy density (Nair 2010), are 

less prone to memory effect and are environmentally friendly due to absence of cadmium. 

These batteries can be profitably recycled (Battery University n.a.).  Ni-MH has its 

limitations in terms of higher self-discharge rate (higher than Ni-Cd), low energy density 

(compared to Li-ion batteries), deteriorates during long time storage and should not be stored 

at high temperatures (Electropaedia n.a.). 

 

Environmental and Health Impact: Ni-MH batteries contain nickel and electrolyte which is 

considered to be mildly toxic. However, in absence of disposal services it can be discarded with 

household waste.  
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Box 1: Technologies under development 

 

Two up and coming technologies which have the potential to provide long-life and 

environmentally safe battery solutions are discussed below: 

 

1. Flow assisted Nickel Zinc (Ni-Zn): Flow assisted Ni-Zn batteries are very similar in 

design to other nickel batteries with nickel and zinc as electrodes and an alkaline 

electrolyte. Conventional Ni-Zn batteries had shorter life due to dendrite growth (on the Zn 

anode), which led to electrical shorting. Improvement in electrolyte flow has reduced this 

problem and these batteries are being considered again for commercial uses (UEP 2013). 

 

They have higher energy density in comparison to other nickel-based batteries, provide 

higher voltage and operate over a wide temperature. Few manufacturers have 

demonstrated the cost to be as low as 25% when compared to lead acid batteries and larger 

number of life cycles (>5000). These batteries are abuse tolerant, making them safe for 

usage rugged usage. Both nickel and zinc are non-toxic and can be inexpensively recycled, 

making them environmentally friendly and a potential replacement for both lead and 

cadmium batteries. (PowerGenix n.d.) 

 

2. Lithium Air batteries: For batteries to compete with fossil fuel-based electricity 

generation, energy density levels need to be around 1000 Wh/kg. Even doubling the 

density of current Li-ion technology moves it only to 400 Wh/kg. Lithium-air batteries can 

offer up to ten times the storage capacity of the Li-ion battery. However, to date these 

batteries have significant challenges for use in anything outside of highly-controlled 

laboratory environments. Though these are being developed with electric vehicles in mind, 

they offer a paradigm shift from what is available today (IEEE 2013). 
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3. Options for Indian entrepreneurs and consumers 

 

It has been well established in the literature and through our conversations with entrepreneurs 

and manufacturers that most of the renewable energy systems use the traditional lead acid 

batteries to store energy. As mentioned earlier, lead acid batteries have been commercially 

used for over a century and are the most mature technology available. Though these batteries 

are low cost and have high reliability, they have drawbacks in the form of heavy weight, short 

life, regular maintenance requirement, low energy density and even the occasional health 

hazard from acid-fumes. Inefficient charging and discharging can further decrease the useful 

life of batteries. This is prevalent in many existing installations where users opt for deep 

discharges to get the maximum out of every charging cycle. 

 

Conventional lead acid batteries require periodic monitoring for water levels and require a 

top up. This poses a problem in areas where maintenance is not feasible or there is poor 

consumer/vendor follow up. Low-maintenance gel batteries have been developed where 

sulphuric acid is mixed with silica fume, which causes it to stiffen. This reduces the weight of 

the battery by 15%-20% but increases the cost by 25%-30%.  

 

Lithium-ion batteries offer the best energy density (upto 630 Wh/l), efficiency (90%) and 

durability with low self-discharge rates (5%-8% per month at 21°C). They clearly score well 

on their technical attributes. However Li-ion batteries are still expensive at round USD 500 

per kWh and there is some way to go before complete safety of the battery has been 

established (IEA-ETSAP 2012). Nickel-based batteries suffer from a similar cost 

disadvantage as the price of nickel, which is used in significant quantities, is high and India is 

not a large producer of the metal.  

 

In the absence of a commercial alternative, lead acid batteries have been recommended by the 

Ministry of New and Renewable Energy. The government provides a 40% subsidy on 

benchmark prices for small systems (for pre-approved systems below 210Wp). The subsidy 

also covers the cost of batteries. While the solar panels have a warranty of twenty years, 

batteries have a five year warranty at best and this is realised only with good care and 

practices. Users who own these systems face challenges in accessing upfront finance and find 

it very difficult to replace batteries. Some enterprises encourage users to periodically set aside 

a small amount for battery replacement. 
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Table 4: Desirable attributes when choosing a storage technology for off-grid solutions in 

India 

 

Overall criteria Attributes Why and where is it desirable? 

 

 

Cost  

 

 

Affordability 

 

Given the market being served, the most crucial element in choice of a 

suitable battery (Lead acid leads the way) 

Low maintenance 

requirement 

 

In areas where periodic maintenance is not possible or not desirable 

these batteries perform better but not without a loss in life span 

(VRLA, Li-ion and Ni-based batteries all are good options) 

Technical  

  

High energy 

density 

 

Mobile applications imply that low weight and easy of transportation 

score high on the desirability chart. Renting models involving women 

customers also necessitates the need for a lighter battery (Li-ion 

batteries well ahead of the curve) 

Ability to handle 

intermittency of 

charging 

 

Given the stop and start nature of solar and wind power, a battery may 

not go through a steady charging cycle. In areas of high variation, this 

attribute is crucial (Li-ion and Ni-MH are well adapted to this) 

Minimum memory 

effect 

 

Only nickel batteries exhibit this trait and frequent cycles of full 

discharge would be needed. However all batteries exhibit loss of life 

cycle as a result of partial discharging and charging (Lead Acid, 

Lithium Ion do not exhibit memory effect) 

Low self-discharge 

rate 

 

In remote areas where charging cycles are not frequent and use is 

intermittent, it is necessary for charged batteries to maintain the stored 

energy for the longest duration possible (Lead acid and Li-ion score 

high) 

Resilient to ambient 

temperature 

variations observed 

in India 

 

Most batteries lose crucial life cycle when used at ambient 

temperatures which are frequently seen across the Indian landmass. It 

is necessary to choose a battery that performs well in the local 

conditions, especially the maintenance free varieties (VRLA most 

susceptible and Li-ion the least) 

Environmental 

Impact and 

Supply  

 

Post use handling 

processes 

 

After the useful life of the battery, there must be suitable processes in 

place to return the battery to an authorised recycling or disposal 

facility. Users must be informed about these options (Lead acid 

batteries pose the biggest challenge. The others, can be disposed along 

with conventional wastes) 

Health and safety  

 

During regular use (and sometimes during extraordinary 

circumstances), the battery must not pose any risks to the health and 

safety of users by way of harmful fumes, fires, short-circuits, etc. 

Users must be instructed on the right procedures to charge, discharge 

and store the battery and other components (Lead acid batteries pose 

highest risk, especially at the manufacturing and recycling stages for 

people involved in the industry) 

Source: CEEW analysis 
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A few enterprises have also successfully implemented a rental model for solar lighting. An 

entrepreneur owns a kiosk where he/she charges the battery in the day time and rents them in 

the evening or the consumer visits the kiosk to rent the battery. Since the batteries are heavy, 

transportation becomes a tiring process for both entrepreneurs and consumers, especially 

female entrepreneurs. It also increases transportation costs if the batteries are supplied by 

motorised vehicles. 

 

Challenges such as short life, after sales maintenance and heavy weight pose a major 

drawback for battery storage solutions. These challenges may be overcome if technologies 

such as nickel batteries, lithium-ion, lithium air, fuel cells, etc. become commercially viable. 

Though each technology has its own limitations, batteries with longer life and minimum after 

sales service may hold the key to increasing the sale of renewable energy systems.  

 

A useful list of attributes to check for, both as users or vendors of battery storage is presented 

above (table 4). An indicative choice of battery, best suited to address each issue, is also 

provided. While the ranges (for the various parameters) have been discussed and summarised 

in this paper, it is necessary to establish these independently from a manufacturer, before 

choosing a specific battery technology for an application. 
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4. Policy & regulatory framework  

 

Potential interventions at the policymaker level could take place in three areas: attributes of 

battery technology, consumer practices, and innovation. 

 

1. A differentiated incentive mechanism to broaden the market for battery based storage 

and shift away from the current dominance of lead acid storage.  

 

The current system of benchmark prices leaves little room for people to opt for innovative 

solutions keeping in mind the long term impact of their choices. Instead it becomes a race 

to the bottom to find the cheapest possible battery solution to their storage needs. 

Government of India provides financial support for entrepreneurs through subsidies. The 

support depends on the size whether storage is built in or not. For pre-approved systems 

with battery storage (< 210 Wp with a battery backup of three days), the government 

provides 40% subsidy on the benchmark price of INR 270. For systems greater than the 

above capacity the government provides a capital subsidy of 30% on the benchmark prices 

and a soft loan of 5% with boundary conditions.
7
 The benchmark prices for systems have 

been illustrated below (Table 5). It can be seen that the top-up on the benchmark costs 

associated with the provision of battery is a mere INR 60 – INR 80 (per Wp). This 

essentially means that the government expects storage solutions to be procured at the 

lower end of the cost spectrum and not a choice based on what is the most suitable 

solution keeping in mind the various desirable attributes of a good energy storage system.  

 

 
Table 5 :  Benchmark prices of solar systems (November 2012) 

 
System Capacity With Battery (Rs/Wp) Without Battery 

(Rs/Wp) 

Difference (Rs/Wp) 

<210 Wp 270 160 110 

210Wp – 1kWp 240 160 80 

1kWp – 5kWp 220 160 60 

5kWp – 10kWp 220 140 80 

10kWp – 100kWp 200 140 60 

100kWp – 500kWp - 130  

Source : MNRE (2012) ―Amendment in the benchmark cost of Off-grid and Decentralised solar 

application programme‖ available at http://mnre.gov.in/file-manager/UserFiles/amendmends-

benchmarkcost-aa-jnnsm-2012-13.pdf; accessed 29 April 2013 

                                                      
7
 Availability of loans at a 5% depends on user type and capacity of the system installed. The details on the 

boundary conditions are available at http://nabard.org/pdf/Eng%201%20solar%20circular-01-11-

10%20with%20encl.pdf; accessed 31 May 2013.   

http://mnre.gov.in/file-manager/UserFiles/amendmends-benchmarkcost-aa-jnnsm-2012-13.pdf
http://mnre.gov.in/file-manager/UserFiles/amendmends-benchmarkcost-aa-jnnsm-2012-13.pdf
http://nabard.org/pdf/Eng%201%20solar%20circular-01-11-10%20with%20encl.pdf
http://nabard.org/pdf/Eng%201%20solar%20circular-01-11-10%20with%20encl.pdf
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In order to even consider alternative technologies, entrepreneurs and consumers have to be 

swayed away from the cost argument through other means that provide a benefit stream 

over the life of the battery either in monetary terms (via differential subsidies) or 

otherwise (viz. health benefits, ease of use, low maintenance level, etc.) 

 

2. Improve compliance among consumers in furthering environmentally sound practices 

when it comes to recycling 

 

Current measures by the Indian government to only allow licensed recyclers to bid for 

used imported batteries are a step in the right direction. However, as noted, domestically 

sold batteries are not fully recovered by licensed recyclers. It is necessary to come up with 

incentives to increase compliance among domestic buyers. For example: a scheme which 

charges a small refundable deposit at the time of purchase which will be returned along 

with a ‗recycle‘ value for the used battery. This approach could ensure that consumers are 

motivated to use accredited suppliers as well as certified recyclers. While the MNRE 

would be the nodal agency to issue such a directive the onus is very much on a mix of 

private entrepreneurs, manufacturers, aggregating agencies and the consuming public to 

ensure that compliance rates in recycling and recovery remain high, thereby reducing the 

environmental load of battery disposal. The state pollution control boards (SPCBs) would 

also need to play an important role in enforcing the standards. 

 

3. Innovation and R&D in battery technology, specific to off-grid consumers’ needs, must 

be promoted actively  

 

The MNRE recognises that stand-alone systems today are monopolised by lead acid 

batteries. There is an understanding and a sense of urgency to enhance the battery cycle 

life to get at least 10 years of operating life. Further, it is also necessary to develop non-

lead acid batteries (MNRE 2012). However, much of this has not translated to research 

efforts on the ground. NCPRE, a research centre at IIT Bombay, focuses on this R&D and 

is supported by the MNRE. However, they are still in the early stages of developing 

prototypes. The broad objective of battery related R&D is ―to establish a minimum 

capability for testing and characterization of lithium-ion batteries and materials, to 

evolve indigenous methodologies for the production of battery-grade active materials‖ 

(NCPRE 2012). These are modest targets at best and there is no critical mass in the 

research community to increase the momentum of the process. The research happening in 

the private domain (under battery manufacturers) is currently catering to the demand from 

large consumers like mobile towers and power generators, who are consumers of large 

scale storage solutions. Innovation in this area, while beneficial to battery development, 

leaves the off-grid space in the periphery and government attention is required to ensure 

appropriate solutions are developed. Off-grid renewable energy applications account for 

only 10%-12% of the overall demand for energy storage by the year 2020 (IESA 2013)
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5. Role of the Renewable Energy Working Group 
 

Based on the above discussion and recognising REWG as a forum to collectively push for 

innovations in the policy framework for off-grid renewable energy, we recommend the 

following for its consideration. 

 

 Push for a stringent regime on environmental impact monitoring. In the absence of well 

enforced environmental regulations, neither the consumer nor the manufacturer has any 

incentive or faces any penalty upon non-conformance. In this situation, the burden of 

ethical use and disposal of lead acid batteries (or any battery) falls on renewable energy 

entrepreneurs. Therefore, it is in their interest to have a proper mechanism that lets them 

deliver the most efficient technologies at the best price without having to fret over the 

abuse of the products and environment at large.  

 

 Work towards the establishment (and enforcement) of performance benchmarks on 

battery manufacturers. The subsidy and financing structure to support RE entrepreneurs 

forces them to adopt less efficient battery technologies, albeit at the lowest cost. The 

inherent risks and inefficiencies associated with these technologies also have a negative 

impact (both financial and reputational) on the individuals and businesses if batteries 

regularly breakdown or have a truncated lifecycle.  

 

 Serve as a platform to understand potential new business models that could open up using 

alternative battery technologies. For example, it has been observed that the service 

network constraints of an enterprise can sometimes drive their choice of battery 

technology. A small enterprise with limited after sales support may prefer sealed lead acid 

batteries, with a trade-off in terms of reduced life and higher cost. On the other hand, an 

enterprise with a wide after sales network may prefer flooded lead acid batteries where 

water needs to be added periodically – either by a technician or informed end-users. 

Another group of entrepreneurs also rent out charged batteries, but are hampered by the 

weight of using lead-acid batteries – something that could be overcome by lighter li-ion 

batteries. Utilising REWG‘s platform would help to inform members about upcoming and 

alternative technologies and what it may mean for their business models, helping them 

make the most appropriate choices based on parameters other than cost  
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Appendix 1: Comparison of small scale storage technologies 
 

Technology Lead Acid Li-ion Ni-Cd Ni-MH 

Cost ($/kWh) 150-200 500-600 600 540 

Efficiency (%) 70-80 >90 60-70 60-80 

Lifetime (years) 4-8 3-7 < 10 < 10 

Lifetime (cycles) 500-1500 1500-2000 <1000 <1000 

Energy Density 

(Wh/kg) 

30-50 200-300 50-75 70-100 

Operating 

Temperature (°C) 

+10 to +30 -10 to +50 -30 to +60 -20 to +50 

Charging 

Temperature (°C) 

25 or less is 

recommended 

0 to 40 0 to 45 0 to 45 

Self-Discharge at 

25°C in % loss of 

charge per month 

5 10 20 30 

Maintenance 

Requirement 

Yes No Yes Low 

Environment and 

Health 

Implications 

Low if 

recycled 

Environmentally 

friendly 

High, due to 

presence of 

cadmium 

Low 

Recyclability Can be easily 

recycled 

Recycling of 

batteries is in 

infancy 

Should be 

recycled in 

dedicated 

facilities 

Recommended 

Note: The data points in the table have been compiled from multiple sources and may vary according to 

manufacturer and usage and should only be used as an illustrative comparison. 

Source: CEEW Compilation 
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Appendix 2: Scope of the paper 

1. Assess the current state of storage options for off-grid renewables in India, including 

technologies and scale of deployment. This assessment will also include a brief comparison 

of storage options used internationally and articulate what policies and regulations have 

resulted in the gradual evolution of batteries used in off-grid systems in India. 

2. Assess battery storage options that are being developed/ in existence around the world 

against the following criteria: 

a.       Costs 

b.      Technical / Performance (maturity and outlook) 

c.       Environment and Health Impacts (along with supply side) 

3. Identify potential policy and regulatory shifts required to facilitate a move towards more 

efficient and scalable battery technologies. 

4. Identify potential role for REWG members: policy advocacy for standardisation, 

certification etc.; and facilitating an ecosystem in the country focused on R&D and 

manufacturing of batteries for renewable energy. 
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