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E X EC U T I V E  S U M M A RY  

Background and objectives 

Energy storage is currently en vogue in the energy world, and sometimes presented as a silver bullet in 

meeting the challenges on the path to a low carbon energy system. Storage technologies could indeed 

help address the structural changes our energy system is facing and smooth the transition. They can 

contribute to balancing mismatches between supply and demand, and can support the deployment of 

renewables. However, deployment of storage aimed at facilitating renewables integration has, thus far, 

been limited. 

This study has aimed to identify policy-relevant issues relating to renewables and storage that could 

affect the transition to a largely renewable energy system, and also the types of policy interventions 

that could optimise the role of storage in this transition. 

The issues involved in the energy system transition are complex and multi-dimensional and 

accompanied by much uncertainty. Energy related regulations, market structures, policies and 

infrastructure vary dramatically from country to country and even locally within countries. The direction 

and path of the system transition is still unclear. What is clear is that evolution is towards an increasingly 

interconnected and interdependent system. 

Guided by interviews with stakeholders, four important perspectives were identified that help allow 

some of the complexity to be set aside and shed light on key issues relevant to the deployment of 

storage technologies in conjunction with renewables:  

1. An effective energy system transition requires system approaches 

The energy transition is leading to more cross-sector integration in the energy system, blurring the 

boundaries between electricity, heat and transport policies. In applications like power-to-gas, vehicle-to-

grid, and thermal storage combined with heat pumps, energy storage acts as an enabling technology at 

the interface between sectors. Storage is consequently particularly reliant on coherent policy 

approaches across sectors. 

More generally, the energy transition is driven by top down strategic decisions and ambitions, and not 

by market forces. Effecting the transition will therefore require a comprehensive and coherent set of 

targeted policies. Further, the policy framework will need to be accompanied by changes to markets and 

regulations to align them with the chosen high-level objectives. 

2. The legacy system drives current market frameworks 

The market structures and regulations governing the electricity system are currently designed around 

the characteristics of large thermal generation plants and well established, largely passive, demand 

patterns. The introduction of renewables, distributed generation and cross-sectoral technologies such 

as electric vehicles affect the demand and supply profiles. They change both what is required to keep 

the system balanced and the capabilities available to balance it. But beyond perturbing the status quo, 

the new technologies – and in particular storage – also bring new capabilities and opportunities to 

improve system management and operation. Specifically, current markets are rarely designed to 
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incentivise the fast and accurate response characteristics that many storage technologies can provide – 

and that are particularly suitable for systems with high share of renewables.  

More generally, market liquidity is essential for storage participation in energy markets, as long term 

inflexible contracts fit poorly with the multi-faceted role storage can play on the electricity grid. Newer 

market instruments such as capacity mechanisms, already being rolled out to ensure adequate energy 

supply during the transition, can create new value streams for storage as a means of renewable 

technology integration. However, if these instruments are not designed to support the transition to low 

carbon technologies, they may unintentionally favour incumbent fossil-fuelled options. Similarly, the 

legacy grid fee structure can penalize storage assets that are used to provide grid services, and so may 

need to be adapted. 

3. Uncertainty around the performance of storage technologies affects adoption 

On the technology side, uncertainty clouds the technical and commercial performance of storage, since 

most of the technologies and applications that are relevant to the transition are new and evolving. In 

many cases it is not even possible to assess the benefits that storage could bring: market structures, 

regulations and technical uncertainty all stand in the way. 

4. System operators have a privileged position in storage deployment 

System operators occupy a unique and privileged position in the electricity system that provides them 

with unmatched insight into system needs. This could allow them to pull together value streams that 

could contribute significantly to the viability of storage – but which are not accessible to other actors. In 

many cases, however, regulations limit the way that system operators can engage with storage. 

Recommendations for policy makers 

Providing detailed and specific recommendations to address the different aspects of the problems 

identified above requires individual analysis of local situations. The complexity created by the multiple 

system linkages, different technologies, legacy systems and even local weather means generic solutions 

will rarely be specifically relevant. Useful approaches can however be made when considering two 

overarching principles: taking a systems approach on the one hand, and by increasing market 

flexibility and transparency on the other.  

These principles should allow decisions to be taken to improve the performance of the energy system in 

the ways desired, while reducing the risk of unintended negative consequences. They should help in 

addressing immediate barriers faced by energy storage, but are primarily aimed at allowing clear 

identification of its benefits, and subsequently allowing deployment of storage that is beneficial to 

renewables. 

The direction, speed and end-state of the desired energy systems transition in any given jurisdiction 

must be clearly articulated. Roadmaps, addressing the barriers to achieving overall policy targets, 

should be developed for the overall system and subsequently – and coherently – for the individual 

sectors such as electricity, heat and transport. Crossover effects caused by new technologies such as 

power-to-gas should be specifically explored and resolved. System operators, who have the best 

understanding of many of the impacts on – and requirements of – the different parts of the grid, must 

be closely involved and share this knowledge openly. Once these roadmaps are in place, analysis of the 

barriers to achieving the transition can be undertaken, and measures put in place to overcome these 
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barriers. Specific attention should be paid to identification and removal of technical requirements, 

regulatory and market structures that are obsolete in the evolving system. 

Standardised use cases allowing technology performance to be fairly compared, appropriate 

performance indicators, and operational strategies for representative storage applications should be 

developed, to allow systematic benchmarking and comparison of options. Regulations, codes, standards 

and market structures should be opened up as far as possible to allow storage solutions to be applied 

whenever they are the most effective. 

Hand-in-hand with this systems approach is a need to create greater market flexibility and 

transparency. Increased use of regulated power exchanges should lead to greater access to price and 

volume information, and allow stronger competition by encouraging new technologies and entrants. 

Market mechanisms should reflect the technical needs of the system (e.g., by rewarding short-term 

flexibility provision more than symmetric load/generation capability), and should be adapted to changes 

in those needs. Asset class definitions (whether storage is a generator, a load, or perhaps a new class) 

should be changed when appropriate, along with allowable ownership and operation – for instance 

allowing systems operators to own, or at least to contract, the services of storage assets when this is 

beneficial to the system. Grid fees should reflect system needs, and reward assets that can service those 

needs, which will in some cases directly benefit storage. 

As things stand, many storage technologies are immature and cannot compete on cost in current 

markets, but can provide valuable services that are currently poorly rewarded. Mechanisms to allow 

these technologies to compete fairly, by valuing the services they do provide, would enable them to 

come down the cost curve and ultimately be fully cost-competitive. 

While deployment and use of storage can inevitably support deployment of renewables, supporting it in 

a way that is fair, transparent, cost-effective and coherent with much larger energy system 

considerations is a complex and lengthy undertaking, with implications that ripple throughout that 

system. 

This study provides recommendations for how stakeholders can engage around energy storage to 

ensure that decisions and policies regarding the energy system transition are informed by a clear and 

consistent systems perspective, and that barriers to the deployment of storage are reduced or 

eliminated. 
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1 .  I N T RO D UC TI O N  

Environmental concerns and technology and market evolution are changing our energy system. The 

technology mix is changing, with renewable technologies such as solar thermal, photovoltaics (PV) and 

wind power extensively deployed to provide heat and electricity. Biomass resources are being exploited 

for energy, fuels and chemicals. Transport electrification is coming through battery, plug-in hybrid and 

fuel cell vehicles. Each of these affects supply and demand profiles, changes the balance of the energy 

system as a whole, and shifts load between energy vectors. These changes and other aspects of the 

transition may be smoothed by the use of different types of energy storage – balancing mismatches 

between supply and demand, but also allowing the integration of more renewables and joining other 

currently less well-connected systems such as heat and transport. 

The overarching objectives of this study are to identify policy-relevant issues relating to renewables 

and storage that could affect the transition to a largely renewable energy system, and to identify the 

types of policy interventions that could optimise the role of storage in this transition. The takes into 

consideration the characteristics of storage technologies, ways in which storage could help renewables 

deployment, barriers preventing it from doing so, and ways of addressing these barriers. 

Many of the changes in the energy transition, in particular the deployment of variable renewable 

energy sources (VRE) and the electrification of heat and transport, have direct and significant impacts 

on the energy system, and especially on the electricity system. Its unique ‘instantaneous’ and 

interconnected nature means that even localised changes can affect the system as a whole. Storage is 

well suited to address many of these broader system impacts, whether by buffering the system from 

local changes in load or supply, or by shifting such changes, either in time, or to a different energy 

vector or network, e.g. gas, heat or transport fuel. But the time constants of thermal systems are 

significantly longer than those of electric systems, and so at the interface between electric and thermal 

systems, the requirements of the electricity system usually define the performance requirements for 

storage. The discussion in this report thus focuses mainly on the electricity system. Topics such as 

thermal storage are addressed in particular where they affect the broader energy system. 

The issues involved in the energy system transition are complex and multi-dimensional. For instance, 

the potential of one technology to deliver benefits is often linked to the suitable deployment of another 

(e.g., deployment of fuel cell vehicles also requires the deployment of hydrogen production and 

refuelling infrastructure and can enable the integration of power-to-gas). In addition, energy related 

regulations, market structures, policies and infrastructure vary dramatically from country to country and 

even locally within countries. Given this complexity, we have chosen to explore the issues through the 

use of ‘Perspectives’ in chapter 3. Each ‘Perspective’ provides a specific viewpoint from which to 

examine the energy system and its transition, allowing some of the complexity to be set aside. 
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2 .  S TO R A G E  I N  A N E VO LV IN G  E N E RGY  
SYS T E M  

An energy system largely based on renewable energy is expected to have significant fractions of VRE – 

whether electric or thermal – and will need to accommodate often rapid fluctuations in production 

output due to these technologies. The system must therefore manage both these fluctuations and 

energy flows in different directions, over a range of physical scales, times and durations. One important 

option for adding flexibility to the system is to add storage capacity. In the subsections below we discuss 

the need for flexibility, and the different means of providing that flexibility. 

2 . 1 .  T H E  E V O LV I N G  N E E D  F O R  F L E X I B I L I T Y  

2.1.1. Renewable generation output largely depends on external factors  

In the legacy electricity system, the necessary balance between supply and demand is largely secured 

through dispatchable generation assets. A low carbon electricity system is likely to include significant 

VRE sources, such as solar photovoltaics (PV) and wind turbines, for which the output capacity is 

governed by the sun or wind. VRE are hence not dispatchable or controllable in the same way, creating 

the need for an additional degree of freedom on the grid in order to balance demand and supply. This 

need for flexibility is amplified as the amount of conventional flexibility resource provided by thermal 

generators drops with increasing shares of VRE. 

The variability and uncertainty of VRE comprises the following superposing elements: 

 Daily periodicity: solar energy in particular has a regular daily generation profile, peaking around 

mid-day and not generating during the night, though locally affected by weather.  

 Seasonal periodicity: solar and wind resources can vary strongly depending on the season. In France, 

for instance, solar generation in summer is, on average, three times higher than in winter, while wind 

generation in winter is, on average double what it is in summer (RTE, 2015). This variation tends to 

follow repeating patterns. The daily generation profile of solar power also changes seasonally, 

particularly far from the equator.  

 Stochastic variability: Both solar and wind output varies stochastically with weather, such as cloud 

cover and wind force. Wind generators are affected more than solar, with a sizeable impact on 

available generation capacity.  

While weather patterns are broadly predictable up to a few days in advance, forecasting inaccuracies 

will create uncertainty in a grid hosting large shares of VRE. For example, in Spain in 2012 the mean 

absolute deviation between the forecast wind power output only one hour before real time and the 

actual output was about 6% (IEA, 2014). As forecasting inaccuracies are distributed stochastically in 

space, effects are reduced in large interconnected grids, where independent forecast errors from 

different places are superposed. Locally, or on small islanded grids, impacts can be strong. 

2.1.2. Renewables change the nature of grid requirements  

The nature of the flexibility required in an RE-rich system also differs from that required in a 

conventional energy system. For instance, an increased need for grid flexibility arises through the lack of 

inertia of VRE sources. Unlike a system based on large scale thermal generators, one primarily based on 

VRE has no mechanical inertia. The rotating masses of synchronous generators counteract rapid 
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frequency change, as they resist positive or negative acceleration caused by a rapid load or generation 

changes. VRE assets, connected to the grid through inverters, do not normally provide this resistance. 

This is likely to create a greater need for faster reacting frequency regulation in the future.  

Experience suggests that 5-10% VRE contribution to the annual electricity generation can be achieved 

without much added flexibility resource, and studies suggest that up to 40% can be dealt with by the a 

wide range of systems, assuming some level of VRE curtailment and sufficient grid capacity (IEA, 2014). 

But ultimately flexibility will be needed, although the extent cannot be easily predicted. Such needs 

tend to appear first in islanded systems, in regions undergoing a substantial change (e.g., the addition of 

large wind capacity), and at a local level, e.g. through residential PV uptake or locally-significant demand 

assets such as electric vehicles (EVs) on the distribution grid. Such cases have already been observed in 

places like southern Italy and the Italian main islands (see Text box 5), Texas, and certain areas in north-

eastern Germany. 

2.1.3. Storage in thermal systems 

The drivers for storage in thermal systems are different than in the electricity system. Given the longer 

time constants of thermal systems, balancing supply and demand instantaneously is rarely needed. 

Rather, storage is used to shift supply or demand over longer periods of time. Examples include 

capturing waste heat from industrial processes to supply district heating; operating cooling or 

refrigeration plants at night, when lower ambient temperatures give a higher coefficient of performance 

(COP); enabling more flexible operation of combined heat and power (CHP) facilities; or enabling solar 

thermal installations to provide heat when the sun is not shining. In such applications the objective can 

be to improve waste heat or equipment utilisation, to allow more demand to be met from a renewable 

source, or to improve energy efficiency (taking into account losses associated with storage). In Denmark 

for instance, multi-MW thermal heat storage projects enable the integration of large quantities of solar 

thermal in district heating schemes and provide seasonal storage capacity. 

While a few exceptions exist, heat is generally not used as a system-level energy vector nor transported 

over long distances. The interaction between thermal systems and the broader energy system is 

therefore limited to those thermal systems with a direct interface to and effect on the electricity system. 

We therefore only discuss the interactions of thermal storage with the electricity system in this section. 

2 . 2 .  C A N  E N E R G Y  S T O R A G E  P R O V I D E  G O O D  F L E X I B I L I T Y ?  

Energy storage can potentially provide a wide range of services, at different levels of the grid, as 

summarised in Figure 1. 

Energy storage however encompasses many different technologies, with different specific capabilities, 

and not all are equally good at providing each service. Exhaustive lists of technologies and their 

characteristics can be found in e.g. (EASE & EERA, 2013).  

For storage to be economically viable, it must be possible to monetise the services it can or does 

provide. In most current cases commercial viability requires revenues from different services to be 

combined – ‘benefit stacking’ (IEA, 2014). An example of this could be using an electrolyser making fuel 

at a hydrogen refuelling station to also provide ancillary grid services. To make this possible, the stacked 

services need to be operationally and technically compatible, and it must be possible to monetise them 

through the market (EPRI, 2013). Some of the value of storage, like the environmental benefits of 

avoided power plant emissions or the benefits of avoided grid investments, cannot easily be translated 
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into paid-for services in the current market framework. This is sometimes referred to as “hidden value” 

of storage. 

Benefit stacking is likely to remain important in creating the storage business case, as the versatility of 

storage assets enables them to provide different services depending on price signals.  

 

Figure 1: Possible services provided by storage in a system with high shares of VRE (adapted from (EASE, 
2015) and (IRENA, 2015)) 

2.2.1. Grid level storage (conventional technologies) 

Setting aside large energy stores such as coal piles, and strategic gas and petrol reserves, pumped hydro 

storage (PHS) has historically been the main form of grid-related energy storage. PHS assets can typically 

generate hundreds of MW and may have 6h or more of storage capacity (EASE & EERA, 2013). They 

traditionally ensured a baseload demand at night, and could also provide ancillary services. Their 

revenues however came mainly from arbitrage, and profiting from this has become more difficult due to 
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the effect of VRE on wholesale electricity prices: high levels of solar in particular increase the supply of 

daytime electricity and reduce peak to off-peak price spreads. 

2.2.2. Grid level storage (new technologies) 

Many new technologies are being demonstrated in grid-scale energy storage projects. Technologies 

used range from different solid-state and flow batteries to more novel concepts such as cryogenic (ice) 

storage or pumped heat energy storage, compressed air energy storage (CAES), or flywheels and 

(super)capacitors (EASE & EERA, 2013) and provide a range of different capabilities and services. Little 

CAES has been deployed to date1, so though this is not strictly a new technology, it has not yet become 

mainstream. 

Storage assets play a similar role to conventional grid scale assets, vary greatly in both energy and 

power capacity, and may offer different grid services. For example batteries and flywheels can provide 

very fast and accurate frequency response, while pumped heat cannot. These assets can be located at 

different grid interconnection voltage levels depending on their character and purpose (e.g. increasing 

power quality, eliminating local bottlenecks, providing ancillary services etc.). Their capacity varies 

depending on the intended application but is generally much smaller than a typical PHS plant, both in 

time and power. 

2.2.3. Grid level storage (cross-sector) 

Energy storage also encompasses routes which transform electric energy into other forms or vectors, 

such as gas or heat. Unlike conventional storage, these need not necessarily be used for (re-)generating 

electricity. 

 In ‘power-to-gas’ hydrogen is electrolysed from water. The hydrogen can be used directly in the 

heating or transport sector2, further synthesised to methane or chemicals, or re-converted to 

electricity. The hydrogen or methane can be stored at very large scale, for instance in salt caverns or 

in the existing gas infrastructure. This is particularly interesting for seasonal storage. 

 Thermal storage as sensible heat, in phase change materials, or using a thermo-chemical process, 

allows electric energy to be ‘stored’ in the heating sector, linking the two. As heat can be stored for a 

day-long or even longer cycle, the heat store charging process is time-flexible. This principle has been 

used for many years in some countries to use otherwise superfluous night-time baseload electricity, 

and could contribute further flexibility to the future electricity system. Combined heat and power 

systems can also use thermal storage to enable greater operational flexibility and the provision of 

system services. 

 ‘Vehicle-to-grid’ is the typical appellation of a cross-sector application akin to energy storage. Battery 

or fuel cell electric vehicles (EVs) can act to some extent like ‘behind the meter’ batteries (see section 

2.2.4) if connected to the grid, and act as loads or generators. Given large scale uptake of EVs, this 

could represent a large total storage capacity that, when aggregated, could provide broader system-

level services.  

                                                           

1 Two plants are in operation worldwide (EASE & EERA, 2013) 

2 In March 2016, IEA-RETD commissioned a study that looks at the use of P2G to generate fuels for non-individual transport 
(RE-P2G). The report for this study is expected to be published in summer 2016. 
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2.2.4. End-user level storage 

Small-scale energy storage assets, particularly batteries, are often connected on the consumer side of 

the meter. Frequently used in combination with a residential or small commercial scale PV system to 

buffer energy, this adds flexibility to the demand and generation profile of an individual consumer. It is 

mostly used to shift demand or supply in time, either to optimise electricity costs for consumers or to 

reduce local stress on the grid. Behind-the-meter storage could also help stabilise the wider grid 

through the provision of ancillary services, though the assets would need to be aggregated and 

operated in a coordinated way (see Section 3.2.2). Residential behind-the-meter batteries typically have 

a capacity of half an hour to several hours of the dwelling’s average demand. 

‘Behind-the-meter storage’ also encompasses storage used for load shifting or to improve power quality 

for industrial consumers. This can potentially provide ancillary services to the grid, and will likely help 

enable flexible industrial demand-side response. 

2.2.5. Comparing centralised and decentralised storage  

Centralised and decentralised storage have quite different functions and use cases and provide different 

benefits. They are therefore difficult to compare directly. 

Decentralised storage is well suited to support the integration of distributed generation assets such as 

PV, and to help manage new distributed loads such as heat pumps and electric vehicles. As it potentially 

gives a grid-connected system a degree of freedom in how it transmits its demand or supply to the grid, 

decentralised storage can be useful in minimizing the grid impacts of those systems (see discussion of 

“good citizenship” throughout Section 3). To provide grid-level services, however, a large number of 

decentralised assets would need to be aggregated. 

Centralised storage, on the other hand, will not require aggregation to provide grid level services, is easy 

to control centrally, and can do more to alleviate local grid constraints. 

Seasonal storage may be possible with large, centralised storage assets although the inherently low 

utilisation of any such asset makes them frequently uncompetitive. The limited capacity of 

decentralised storage means that it is extremely unlikely to be suitable for seasonal storage. 

2 . 3 .  A LT E R N AT I V E  F L E X I B I L I T Y  O P T I O N S  

Energy storage is not the only option to give the electricity system the flexibility required in a future 

with high shares of renewables. The overall flexibility required in the end state of a clean electricity 

system will probably be provided by a mix of technologies. A few key characteristics of different 

flexibility options are introduced below, but a detailed description of all flexibility options, provided in 

other reports (Ecofys, 2014; IEA, 2014), is beyond the scope of this study.  
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2.3.1. Additional transmission and distribution infrastructure, including 
interconnection 

Extending or upgrading the grid’s transmission and distribution infrastructure can reduce other 

flexibility needs, by enabling a shift of power in location rather than time, while storage tends to allow 

the latter. This has several effects that enhance flexibility: 

 Increased interconnection increases the number of options by which imbalances in the system can be 

compensated; 

 Stochastic variability effects can, in part, be smoothed out over larger areas; 

 The effects of diurnal periodicity can be flattened by interconnecting large areas; 

 Regional imbalances between supply and demand, caused for instance when new VRE capacity is 

deployed away from large demand centres, can be reduced; 

 Upgraded infrastructure at the distribution grid level can alleviate the challenges of potential demand 

spikes caused by, e.g., a large deployment of EV charging infrastructure. 

The main challenge of grid infrastructure development lies in its large scale. Transmission grid 

extensions in particular represent very large projects, often confronted with strong public opposition 

and very time-consuming permitting processes (Renewable Grid Initiative, 2012). 

2.3.2. Demand side response (DSR) 

Demand side response can introduce flexibility by adapting loads dynamically to system needs. 

Industrial load-shedding has been used for many years as a last resort for grid stabilisation, but 

technological advances make it possible at much smaller – even residential – level. Smaller, 

decentralised demand side response, which can adapt load in response to price or other signals from 

system operators is increasingly being deployed, for instance for residential customers. For example, 

though individually insignificant, aggregated and managed home appliances could provide valuable 

services to the grid. 

Market structures in the US are increasingly open to demand side response, and EU markets are starting 

to enable these services, notably in France (SEDC, 2015). However, regulatory and market design 

barriers still need to be eliminated for DSR to meaningfully contribute to flexibility enhancements. 

2.3.3. Flexible thermal generation plants 

Conventional power plants have been by far the main source of flexibility in the electricity system. While 

their role in a system with a high share of renewables would by definition be diminished, dispatchable 

conventional power plants are likely to remain a valuable source of flexibility in the transitional system. 

With evolving flexibility requirements, the plants will likely require faster ramping capabilities and more 

flexible operating ranges. New open cycle gas turbines, with ramping capabilities of up to 20%/min 

(Ecofys, 2014), seem well suited for this role of ‘peaker plants’. Diesel or gas fired internal combustion 

engine gensets are also very fast ramping, and can provide valuable flexibility services. However, the use 

of peaker plants for flexibility purposes may run counter to decarbonisation targets, as in most cases 

they are fired by fossil fuels. While the use of biogas as fuel can reduce the greenhouse gas (GHG) 

impact, it usually increases the operating cost.  
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2.3.4. Current market status of flexibility options 

Flexibility options range in maturity from nascent to fully commercial. Most flexibility services are 

currently provided by conventional assets, such as peaker plants, which earn revenue from the spot and 

ancillary services markets, though demand side response has been used extensively with industrial 

clients – typically as a measure of last resort – by the system operators. The ability to shed industrial 

loads is most usually built-in to the industrial tariff structure. Demand side response at a residential 

level is however emerging, particularly with the deployment of smart metering. This is typically 

implemented through an aggregator, which may be the local utility or a third party, and is incentivised 

by a fee for the service provided. Transmission and distribution grid infrastructure is deployed following 

grid development plans developed by the system operators and their regulators, based on expected 

longer term needs. Infrastructure deployment does not, therefore, directly follow signals from 

electricity markets. 

Commercial deployment of storage assets is already taking place, but not always for RE integration. In 

some regions however (e.g., Germany, Australia, California), this is specifically the purpose of 

extensively deployed behind-the-meter storage, mostly to increase self-consumption of residential PV 

installations or to decrease reliance on the grid. Storage is also increasingly deployed in island systems. 

The IEA-RETD report RE-REMOTE (IEA-RETD, 2012) discusses certain aspects of the role of storage in 

such systems. Commercial and industrial behind-the-meter storage is also being deployed in Europe, but 

is typically motivated by cost minimisation or power quality improvement rather than to integrate RE 

sources. 

As previously discussed, thermal storage has already been deployed extensively, although again rarely 

for RE integration. In France, electric storage water heaters provide baseload for nuclear plants at night. 

Conventional residential heating and hot water systems typically also include some level of storage, to 

improve the efficiency of boiler operation and ensure continuous availability of heat. District heating 

systems include some too, to allow operational flexibility for any CHP facilities providing heat to the 

system, and this can also support the integration of solar thermal inputs. 



RE-STORAGE - Policies for Storing Renewable Energy, March 2016 

 

  Page 18 

3 .  FO U R  IM P O RTA N T  P E RS P EC T I V ES  O N  
E NE RGY  S TO R A G E   

As part of this study we interviewed different actors in the market, from storage developers to system 

operators and utilities. This contributed to the following set of perspectives. The perspectives are 

intended to illustrate certain aspects of storage – relevant to policy makers – while avoiding 

entanglement in the inherent complexities of the wider energy system context. The issues viewed 

through these lenses in part stem from the same root cause, leading to some overlap between the 

sections, but the problems are treated from different viewpoints. The perspectives illustrate the 

following aspects: 

1. An effective energy system transition requires system approaches 

2. The legacy system drives current market frameworks 

3. Uncertainty around the performance of storage technologies affects behaviour 

4. System operators have a privileged position in storage deployment 

3 . 1 .  A N  E F F E C T I V E  E N E R G Y  S Y S T E M  T R A N S I T I O N  R E Q U I R E S  
S Y S T E M  A P P R O A C H E S  

3.1.1. Overview 

A major challenge in designing policies intended to support the deployment of VREs through flexibility 

measures – and through energy storage in particular – is that they must be effective through the various 

stages of the energy system transition, and accommodate evolving energy system requirements. Policies 

must be stable enough to provide the involved actors with sufficient long-term certainty, but need to be 

adaptable in case of technological, economic or societal shift. Energy storage, as an enabler technology 

at the border between sectors, is particularly affected by system changes and suffers from concomitant 

uncertainty. The situation of energy storage generally, and electricity storage in particular, is discussed in 

the following sections. 

This report focuses on the storage relevant aspects of energy transition policies. Policies for the 

transition to a system with high shares of renewables are discussed in IEA-RETD reports such as RES-E-

NEXT (IEA-RETD, 2013), RE-OPTIMUM (IEA-RETD, 2014) and RE-TRANSITION (IEA-RETD, forthcoming). 

3.1.2. Managing blurred system boundaries in the transition  

Challenges and opportunities 

The different sectors – electricity, heat and transport – have historically been broadly operated 

independently. This modus operandi becomes increasingly difficult with the advent of new technologies 

and efforts to decarbonise heating and transport. Cross-sectoral technologies such as electric vehicles 

(through vehicle-to-grid capabilities), power-to-gas and electric heating (e.g. through heat pumps) could 

help decarbonise the heating and transport sectors using clean electricity as “primary” energy. These 

approaches also allow the conversion of renewable electricity into chemical forms of energy, more 

easily and more durably stored than electrons, and usable also as transportable fuel and as a renewable 

feedstock for chemicals. 
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However, connecting relatively independent sectors is not trivial. It is likely to require a high level of 

coordination supporting overarching high level policy goals. The potential for incoherence in policies 

between different sectors (see Section 3.1.3) is a major risk in a system relying on cross-sector energy 

exchanges. With different sectors often under the jurisdiction of different parts of government, with 

different sector targets, this risk is higher than if it were purely within the electricity system. At the same 

time, many cross-sector approaches require parallel development in both sectors, so policy barriers in 

either sector, or incoherence between the policy frameworks, can slow them down or stop them dead.  

 

 

Figure 2: Representation of the interaction of different energy storage options with the policy framework  

Co-evolution of the electricity and transport sectors 

Large scale deployment of vehicles charged via the electricity grid would have a sizeable impact on 

stability, whether they are used to actively manage the grid or not. Uncoordinated charging of large 

numbers of vehicles, especially fast-charging, could lead to high ramp rates and high localised stress. 

Equally, large electric vehicle pools would represent a significant energy store3, and could under certain 

conditions contribute to grid stabilisation. These vehicle batteries would likely be virtually aggregated to 

help regulate the grid as a consolidated asset. 

                                                           

3 A Tesla Model S typically has a 60 kWh pack and 100,000 cars have been sold to end Dec 2015 – or 6 GWh total storage. Only 
a small amount of this could be used without compromising the vehicle range, but it serves to illustrate the case. 

Thermal 

storage

Vehicle 

to grid

Power to gas

Pure 

electricity 

storage

Gas 

storage

Pure heat 

storage

System wide policy targets

Source: E4tech

Gas policy
Electricity 

policy

Heat policy

Transport policy



RE-STORAGE - Policies for Storing Renewable Energy, March 2016 

 

  Page 20 

EVs could play a similar role as behind-the-meter stationary batteries, but their specific characteristics 

affect the way they may be operated as grid assets, e.g.: 

 They are not always available, nor always at the same location; 

 They are constrained in terms of admissible state of charge; 

 The state of charge at the time of connecting the battery to the grid cannot be controlled; 

 Providing grid services is not the primary objective of the user, and hence not prioritised. 

The IEA-RETD report RE-TRANS (IEA-RETD, 2010) examines the potential synergies between electric 

vehicles and renewables and approaches to coordinate policies in those sectors. 

Power to gas 

Power to gas is an all-encompassing term for a hybrid between storage and a generation ‘sink’. 

Electricity, ideally from renewable sources, is used to generate hydrogen gas, which can be injected into 

the natural gas grid – either as pure hydrogen, or, after chemical transformation, as synthetic methane –

reconverted into electricity, or used as an energy vector in other energy related sectors, such as 

transport and heating, or even for chemicals and industry. The transport aspect will be addressed in 

more depth in a forthcoming IEA-RETD report (RE-P2G). 

Injecting small amounts of hydrogen into the natural gas grid is technically simple and comparatively 

low-cost, and likely the most realistic option for initial applications. It is already being demonstrated in 

several small-scale projects, though it is restricted by technical and regulatory factors such as limits on 

allowable hydrogen concentrations in natural gas. The currently high cost of electrolysers is a further 

limitation. 

Policy on the gas and electricity sides is rarely aligned however. For instance, in many jurisdictions, it is 

unclear if hydrogen generated from certified renewable electricity has the status of renewable gas. This 

is also true for renewable hydrogen in a further processed form, like methanol or methane, or in 

petrochemical refining. These processes could reduce the environmental impact of transport fuels, but 

mechanisms to trace the renewable origin of hydrogen are currently lacking, and would require 

adaptations of national and international regulation. 

Electrolytic hydrogen from renewable sources is already used in transport and heating in limited 

amounts, due to a lack of infrastructure and end-use devices in these sectors. Also, policies designed to 

help develop these early-stage sectors often only consider the benefits of the technologies piecemeal: 

e.g. synergistic effects with the electricity grid are rarely considered when designing hydrogen policy. 

For example, electrolysers making hydrogen for hydrogen refuelling stations could in principle act as 

controllable demand to make use of RE that may otherwise be curtailed, though the economics are 

currently poor (Bertuccioli, et al., 2014). 

Power-to-gas is seen as one of the more practicable options for bulk seasonal storage of electricity, 

which can be a key enabler of a system with very high shares of renewables. This is especially true 

where resources vary greatly on a seasonal basis and this variation cannot be compensated by other 

renewable generation technologies.  
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Co-evolution of the electricity and heat sectors  

Decarbonising heat is considered one of the hardest challenges in reducing overall system carbon 

footprint. Several decarbonisation options for heating, such as the use of heat pumps and hydrogen 

from power-to-gas, link to the electricity sector. Achieving this would most likely involve storage of some 

form, allowing heat demand to be temporally decoupled from electricity demand. On the electricity 

side, heat storage can enable electric heating systems, including heat pumps, to provide demand side 

services. 

These technologies, potentially extended through smart metering capabilities, could be used in a more 

differentiated way to provide grid services in a system with large shares of VRE. A heat store could be 

charged at times most beneficial for the grid (e.g. when electricity supply exceeds demand). However, 

this flexibility is limited by the heat requirements of the system, and electricity policies need to be 

coordinated with the policies promoting these approaches if they are to be taken up in large numbers.  

Heating efficiency policies could even conflict with such approaches. While an energy efficiency policy 

that banned the use of inefficient electric water heaters is sound in the context of the heating sector, in 

France, for instance, such a policy could deprive the electricity grid of an existing large-scale flexibility 

provision. 

This example shows one of the complexities of cross-sector storage, and storage more generally. Electric 

heating combined with thermal storage only significantly contributes to decarbonisation if the 

electricity comes from renewable (or at least low carbon) sources. While the French electric thermal 

storage pool does represent a large flexibility potential for RE integration, it has to date primarily been 

used to store baseload nuclear energy at night. A rollout of such technologies in other countries may 

similarly benefit large thermal plants (e.g. coal or nuclear based), as the electric heat demand could 

similarly be used as additional baseload demand, in which case it would not drive RE integration.  

This example further shows that policies depend heavily on the characteristics of the local energy 

system at the point of their introduction. If a “clean slate” heating system were to be created today, 

heat pumps would probably be favoured over the electric resistive heaters used in France. However, as 

those heaters are already installed in large numbers, and can be adapted to contribute to the coupling 

of renewable electricity and heat, it is a sound policy to use this potential. This does not contradict a 

longer term strategy towards more efficient heating technologies. 

Thermal storage can also be used in combination with Combined Heat and Power (CHP) assets. Adding a 

thermal buffer increases the asset’s operational flexibility, effectively enabling CHP plants to follow the 

demand on the electricity side rather than the heat demand. In a decentralised generation system 

paradigm such assets, potentially based on biofuels or clean hydrogen, could provide an interesting 

source of flexibility. 

Another form of thermal storage is the storage of cold. Southern California Edison, for instance, has met 

25 MW of their 250 MW storage mandate (see Text box 7) with air conditioning units that produce ice 

during times of high availability of electricity. This reduces their consumption when cooling is needed. 

As this tends to coincide with times of peak demand, this contributes to balancing the grid. 
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Possible solutions 

Many cross-sector storage options require strategic infrastructure and technology choices in the 

affected sectors. These choices are likely to require top-down commitment from policy makers. To 

unleash the potential for useful synergies, policies must thus be developed in a coherent way across 

sectors. The specifics strongly depend on individual cases but, as a general rule, impact assessments 

considering cross-sector effects for proposed policy measures should reduce the risk of unintended 

consequences. 

To avoid unintended negative consequences (e.g. residential batteries used to generate revenue 

through grid-level arbitrage actually lower the system efficiency and increase emissions), policies 

supporting such technology must link to stringent electricity system decarbonisation targets. Equally, 

thermal storage assets need to be combined with technology that enables flexible operation (e.g. smart 

meters). Market conditions may also need to be adapted, to ensure operators of such thermal stores are 

incentivised to provide services that benefit the integration of (V)RE. For instance, the pricing structure 

for electricity used for such devices would need to be more granular than current time-of-use pricing 

mechanisms, instead being coupled to real-time electricity grid conditions.  

This argument more generally also applies to other forms of storage. In fact, most current storage 

capacity initially served the purpose of providing baseload demand for large scale inflexible thermal 

generators (e.g. nuclear plants), or to ensure high capacity factors of thermal generators responding to 

unplanned outages. To use this capacity for VRE integration, where required, these assets should be 

retrofitted to ensure sufficient flexibility. Chapter 3.2 discusses market design aspects which can ensure 

market conditions that incentivise storage assets to provide the flexibility needed to integrate 

renewables. 

While few stakeholders see fundamental barriers to cross-sector storage options, a deep understanding 

of adjacent sectors and the implications of cross-sector technologies is often lacking. To improve 

awareness of potential risks and issues, policy makers should task regulators and industry actors from 

the sectors concerned to cooperate closely in the development and adaptation of Regulations, Codes 

and Standards (RCS) where they require provisions for linkages to other sectors. To inform that process, 

studies specifically analysing interface impacts and requirements are needed. The process should also 

be informed by demonstration projects to measure both the technical and commercial challenges of 

novel cross-sector technologies.  

Approaches that define bounds for “good citizenship”4 at sector interfaces can help to both limit the 

perturbations that arise, and to create market mechanisms to help manage cross-sector interfaces. 

                                                           

4 “Good citizenship” is used in this report as a general term for an operational behaviour that benefits grid stability and 
generally reduces stress on the grid. Good citizenship bounds could, for instance, limit allowable ramp rates or peak power for 
a system connected to the grid. 
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3.1.3. Implementing transition strategies for the electricity system through holistic 
policies 

Challenges and opportunities 

Many of the decisions shaping the energy system transition, resulting from objectives such as reducing 

grid carbon intensity or exiting from nuclear, are top-down strategic decisions rather than driven by the 

market. Policies that can drive the system towards the desired state need thus to be comprehensive, 

and markets and regulations must be adapted to mirror the requirements of the high level targets. For 

example, if a country supports the introduction of Carbon Capture and Storage (CCS) technologies, this 

would lead to a very different decarbonisation pathway, with very different flexibility needs, than in a 

country only encouraging large scale deployment of VRE. The instruments to encourage flexibility would 

equally be different in each case. 

The strategic importance of system level decisions is particularly relevant on an overall energy system 

level. The decarbonisation of the heat sector is a good example. The majority of options (electrifying the 

heat supply, using hydrogen CHP boilers, or using biogas or biomass) rely on changes in adjacent parts 

of the energy system. Electrifying heat would shift electricity demand patterns and likely require a 

strengthening of local distribution networks; hydrogen-based approaches require a source of ‘clean’ 

hydrogen to bring a true environmental benefit; and biomass for heat decarbonisation requires suitable 

available biomass. 

Existing policies fostering the deployment of VREs are already creating both space- and time-localised 

challenges to electricity system operation, with an emerging need for flexibility services not foreseen in 

the legacy system framework. Such knock-on effects of transformative policies cannot easily be avoided, 

and can represent both a challenge and an opportunity through triggering change in the system. 

Policies to implement high level strategies must also consider the services expected to be needed in the 

future energy system, and ensure that the technologies to provide these are both available and on a 

clear path to become cost-effective by the time they are needed. Some renewable energy technologies 

(e.g., PV, wind) have already matured significantly and are close to cost parity with established fossil 

fuelled technologies. Other technologies, including essentially all emerging storage technologies, are at 

an earlier stage of development and will require maturation before they can compete commercially 

beyond niche applications. 

Possible solutions 

Any energy transition is likely to be, in part, driven by policy changes. The deployment of such policies 

should be based on a thorough analysis of potential consequences, using for example system modelling 

and impact assessments. The development of both sectoral and cross-sector roadmaps can help to 

identify particular sector needs and the possible knock-on effects of policy intervention. Assessing 

cross-sector knock- on effects and avoiding silo approaches is especially important. 

Many of the consequences of policies and the details of the evolution of the energy system context 

cannot be predicted with certainty. Policies need to be designed in such a way that they can be 

adapted to unintended consequences and unforeseen developments. As an example, technology 

subsidies designed to lower technology costs should be designed so that the incentive diminishes as the 

technology advances along the development and cost curve, ensuring a reasonable balance between 

cost to the public authorities and benefit to technology developers. In the case of batteries, for which 



RE-STORAGE - Policies for Storing Renewable Energy, March 2016 

 

  Page 24 

the current technological development is primarily driven by transport and consumer electronics rather 

than storage applications, it will be particularly important to consider and review this issue. 

 

As discussed in more depth in section 3.2, more granular and flexible market structures would facilitate 

the dynamic adaptation of market incentives to new system needs. To be continuously effective, such 

policies should include mechanisms enabling – even forcing – adaptation. 

Market reforms, such as the definition of suitable operational bounds for grid connected assets (part of 

“good citizenship”), and the transition to closer to real-time markets can also serve to make the grid and 

markets more resilient to unintended policy consequences. Restricting the maximum output of PV plus 

battery systems benefiting from an incentive programme is an example of a policy that includes “good 

citizenship” requirements (see Text box 1). 

3.1.4. The challenges of technology-neutral flexibility policies 

Challenges and opportunities 

Policy makers are sending increasingly clear signals of the phase out of fossil technologies in the long 

run, as widely demonstrated at COP5 21 in Paris in December 2015. Policy measures should thus be 

                                                           

5 UNFCCC Conference of the Parties 

Text box 1: German support for residential batteries fulfilling “good citizenship” requirements 

In 2013, Germany introduced a loan and subsidy scheme for batteries coupled to PV generation 

systems. A low interest loan can be granted for up to 100% of the cost of the installed battery, and 

up to 30% of this can be a subsidy, provided certain performance criteria are met (KfW, 2015). 

Systems that benefit from this scheme must adhere to conditions of “good citizenship”. The most 

important is that the output of the system onto the grid must be limited to 60% of the installed PV 

capacity. This limitation applies for the full lifetime of the PV installation (minimum 20 years), even 

if the subsidised battery system is decommissioned earlier. Furthermore, the inverter parameters 

must be controllable remotely by the system operator, although changes can only be applied with 

the consent of the PV + storage operator.  

Around 10,000 installations occurred in the first two years (Kairies et al., 2015). Uptake grew in 

part because of decreasing battery prices and large price differentials between the feed-in-tariff for 

solar (0.15 €/kWh) and the price for grid electricity (~0.27 €/kWh).  

Estimates suggest, however, that only 50-60% of the installed residential storage systems in 

Germany are funded through this programme. This aligns with the results of customer surveys, 

which suggest that non-financial factors play an important role in the decision to install storage 

(Kairies et al., 2015). In this context, the requirements for “good citizenship” beyond the lifetime of 

the battery, although positive from a grid point of view, may be seen as a restrictive long term 

commitment by some. 
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designed to guide a transition to renewable energy technologies, though should not be prescriptive of 

the exact path to a low carbon energy system.  

Creating policy signals leading to an optimal mix of different flexibility technologies is hard, especially 

across sectors. Given the central role of the electricity sector in the transition to RE, electricity policy 

and market regulations need a particular focus on appropriate technology neutrality, but designing such 

policies is complex.  

New power line construction, for instance, is unlikely to be triggered directly by electricity market 

signals. Such infrastructure decisions on the regulated side of the system are guided through network 

development plans – but they affect the need for other means of flexibility such as storage, and hence 

influence the design of market based instruments intended to source system flexibility. 

Also critical for the development of technology neutral instruments is the different maturity of the 

different technologies. More mature technologies often have a competitive advantage on a pure cost 

basis. If centred on cost performance, a system using market based instruments may not give new 

technologies room to come down the cost curve. As they produce very little or no local noise and 

pollution emissions, and potentially limit the frequency of start-ups and ramp-ups of peaker plants, 

storage assets, such as batteries, bring environmental benefits not remunerated by markets. Such 

desirable characteristics, not directly linked to cost, are thus rarely encouraged appropriately in 

technology-neutral markets. The capacity auctions in the UK (see Text box 3 ) are an example of a 

technology neutral market design which provides adequate support for incumbent solutions, but is not 

perceived to provide strong enough incentives for novel technologies. 

Possible solutions 

Markets will be one of the driving forces of the energy transition. Technology neutrality is often cited as 

an important characteristic of markets, in particular in a transitional context with different competing 

technologies, but markets are rarely technology neutral in practice and in fact may need to favour 

new technologies in some instances or those will never become competitive. To level the playing field 

with incumbent technologies, current market designs – rooted in a legacy technology context – must be 

adapted to appropriately balance these requirements.  

As discussed in Section 3.2, removing existing market entry barriers is an essential step to enable the 

transition to a close to technology-neutral and efficient market framework, as this approach is less likely 

to lead to unintended consequences than adding specific regulation. New policy and regulations 

should in general be defined in terms of functional and performance metrics, clearly aligned with 

system needs rather than supporting specific technologies. Existing metrics should be examined to 

assess whether they reflect real system requirements or simply reflect the legacy system. The functional 

requirement metrics must also be coherent with the overarching strategic objectives of the energy 

system transition.  

Returning to the example of capacity markets, functional requirements around GHG intensity could, for 

instance, help shift markets towards solutions in line with the overarching goal of reducing the GHG 

intensity of the grid, such as storage assets, and thus contribute to driving the technology transition. 
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3.1.5. Addressing regional and locational needs as they emerge 

Challenges and opportunities 

The shift to cleaner energy will not occur at the same pace in every region or country. The starting point 

of the transition, as well as the available natural resources, are also different in every part of the world. 

Consequently, both the path and the end point of the transition are likely to be specific to every locale.  

The need for storage to integrate renewables will depend on the nature and timing of the transition, 

and on the local energy system infrastructure. This prevents the formulation of generally applicable 

recommendations for sound storage-related policies. Re-applying successful storage policies to a new 

context may consequently also not succeed. Policies need to address actual needs of an individual 

system to be effective. 

Adding to this, sound policies must not only address emerging technical needs, they must also be 

compatible with wider national policies. This goes beyond just energy policy, as the industrial and 

commercial priorities of a country, as well as the research and industry related capabilities, must be 

considered in decisions over technology support. A country wanting to support the development of a 

particular storage technology for primarily industrial reasons would introduce very different (potentially 

more research and development-focused) policies than a country primarily looking to deploy storage – 

from any provider – for grid stabilisation purposes.  

The particular example of batteries illustrates how technology and deployment support is not always 

aligned. Research in Li-ion battery technology is currently mainly driven by the high performance, safety 

and cost requirements of electric vehicles and consumer electronics. Batteries for stationary use have 

low performance requirements in comparison. Stationary battery storage technologies have thus far 

been ‘technology takers’, benefiting from the advances in automotive and mobile batteries rather than 

driving development. The successful deployment of stationary batteries, however, requires 

developments in the grid and system integration of batteries, which is not the object of conventional 

battery R&D. 

Possible solutions 

Any policy action targeting storage must take into consideration the specific local and national 

situation. Storage can complement renewables by providing the flexibility required to integrate them 

into the grid. However, storage is not an end in itself, and, with the wrong incentives, can actually have a 

destabilising effect (see Text box 1). Direct incentives for storage hence need to mirror actual system 

needs, and as described in section 3.2, the market framework must provide adequate signals to allow 

this.  

So to reach a position from which they can suitably design policy, decision-takers need studies 

evaluating the specific need for flexibility likely to occur in their particular context. They would further 

benefit from monitoring system characteristics, such as the amount of curtailed generation and the 

frequency of power outages, in order to recognise possible needs for storage early on. 

Section 3.1.4 discussed the importance and challenges of a technology-neutral approach to implement 

flexibility. If decision makers choose instead to put technology-specific incentives in place, to facilitate 

the path to market of a particular solution, they must consider all the drivers of technological 

development. To foster battery technologies for grid integration, for instance, support for integration 
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technologies may be more constructive than support of core battery development, as the latter is 

driven by other sectors with higher performance requirements. 

3 . 2 .  T H E  L E G A C Y  S Y S T E M  D R I V E S  C U R R E N T  M A R K E T  
F R A M E W O R K S   

3.2.1. Overview 

The energy transition is likely to include a trend to electrification of both heating and transport. This 

evolution, along with the structural changes to the electricity market caused by increasing shares of 

(V)RE, will fundamentally affect the electricity system. Market structures and regulations, currently 

designed around large thermal generation plants and passive demand patterns, will have to be adapted 

to allow this large scale transition. The role and prospects of energy storage – electricity storage in 

particular – will be strongly dependant on how the transition evolves.  

Error! Reference source not found. shows how both legacy and novel factors influence the future 

electricity market structure. 
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Figure 3: Factors influencing the future electricity market structure 

While the specific capabilities (ramp rates, capacities etc.) of different thermal generators vary, they 
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scale, with larger assets proportionally more economical to run. They are usually of the order of 
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forward markets conservatively (only bidding moderate amounts of capacity which they can definitely 

deliver) or at high risk. Nevertheless, to reduce grid carbon intensity, market mechanisms such as power 

purchase agreements (PPAs) have been put in place to allow renewable generation assets to be 

integrated into the generating portfolio.  

Energy storage assets suffer from a similar challenge with forward contracts. Their system value is 

maximised when combining several services, which requires operational flexibility. A need to reserve 

capacity, by bidding into forward markets without visibility on the state of charge at delivery (and hence 
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the capacity to deliver the services), limits this operational flexibility, and hence increases the cost of 

service provision. Specific policies for storage, designed to facilitate its introduction into forward 

markets, are rarely in place.  

In fact both VRE and storage would benefit from a general shift to market clearing times closer to 

real-time. With a shift to high shares of VRE, larger shares of energy are likely to be traded as closer to 

real-time products, aligning well with the needs of energy storage. This would also hinder the ability of 

fossil and nuclear baseload plants to contract for all of the generation in advance, thus forcing VRE to be 

curtailed instead of dispatched. 

In the following, the different challenges and opportunities in relation to storage regarding different 

aspects of the electricity market are discussed: ancillary and energy markets, as well as capacity 

mechanisms and grid fees. 

3.2.2. Storage can provide valuable ancillary services – if the markets enable it  

The quick reactivity and dispatchability of many storage technologies make them technically well suited 

to provide grid ancillary services. Specific market designs for those services vary between countries. But 

common features of many markets, designed for thermal generation assets, prevent storage from 

delivering its full system stabilisation potential. 

Challenges and opportunities for storage 

Current market frameworks are, in general, designed around the capabilities of large scale generation 

assets, rarely offering provisions for demand side services. But storage assets can provide both. Unlike 

demand side response, storage is able to flexibly decrease and increase demand without being 

restricted by an independent process. This capability is potentially valuable, as high VRE systems are 

likely to have significant excess peak capacity, so actual electricity production capacity may regularly 

surpass demand. 

Conventional assets provide balancing services by either increasing or decreasing their output by an 

amount specified by the system operator. In many market frameworks (e.g. Germany, France and 

Scandinavia), balancing service providers must provide symmetric services (ENTSO-E, 2015): any ramp-

up capacity needs to be offered with a matching ramp-down capacity. For storage assets, regulation 

capacity depends both on the current operating point and on the state of charge. Requiring symmetry 

will limit the operating strategies for storage assets, and likely reduce the value they can bring.6 While 

this symmetry simplifies the market structure, it is not inherently needed by the system operator at the 

level of a single asset, provided sufficient up and down regulation resources are collectively available.  

Both minimum capacity requirements and the minimum time periods for which services must be 

delivered can lead to the exclusion of small scale storage assets. Although some of these restrictions are 

justified through technical system needs, others are grounded in legacy system characteristics and are 

an unnecessary barrier.  

                                                           

6 If, for instance, an individual storage asset is charging, drawing x kW at a moment when it needs to deliver power for 
frequency response, it can inject its discharge power plus relieve the grid of the x kW of charging power. If the battery is 
discharging at that moment, it can only deliver the difference between its maximum and its current discharge power.  
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Resolution requirements have the advantage of limiting the number of operational entities and 

contractual partners for system operators. In the legacy system, where most ancillary services are 

provided by a small number of large scale generators, system operators can easily contract directly with 

service providers. If a large number of players enter ancillary markets – e.g. tens or even hundreds of 

thousands of residential batteries – this relationship structure will need to change.  

With an evolution to more intermittent generation technologies, the requirements for ancillary services 

are also likely to change – from frequency regulation and balancing the effects of unplanned generation 

outages and demand variations, to compensation of ramp rates of VRE, and eventual long term storage 

of excess renewable energy in periods of high production. Given the presence of stabilising inertia in the 

legacy system (see Section 2.1), frequency response products have not had to cover very short term 

(<15 sec) stabilisation. And in well interconnected large systems, such as the European continental grid, 

reduced inertia is not considered a threat to system stability in the short run. However, in weakly 

interconnected systems and islanded grids, such as the UK grid or the main Italian islands, a need to 

compensate for this reduced inertia in periods of high renewable generation and/or low demand is 

already arising.  

Certain energy storage technologies, such as batteries, flywheels and capacitors are particularly suited 

for very short reaction times (less than one second). In a system facing low inertia, this represents a 

clear value-add compared to the conventional plants. Such storage assets can further respond to 

frequency regulation signals in a much more precise fashion than conventional plants, making them 

more suitable for the provision of high quality frequency containment services. Broadly speaking 

however, current ancillary service market structures and products do not contain categories for these 

higher quality services nor are there price mechanisms that can reward their greater value (although 

the first changes in these markets are beginning to appear, see Text box 2). 

Some frequency reserve markets are based on capacity auctioned days, months or even a year ahead of 

real-time. In these cases, the price paid for grid stabilisation services is thus not directly linked to real-

time grid needs, nor can it be influenced by the real-time opportunity cost of individual assets to 

provide a service. While a minor issue for large thermal generators with predictable running costs, 

storage asset costs to deliver a certain service depend on state of charge and on alternative uses at a 

given time. Requesting a discharge for frequency response purposes at a time of low spot market prices 

removes the opportunity for a storage asset to store low cost electricity, potentially reducing the energy 

available to provide other services at a later point. 

Possible solutions 

Ancillary service market frameworks will need to be adapted to ensure the ‘new’ RE-dominated grid can 

be adequately stabilised. Appropriate rewards could help unlock the full system value of storage. Market 

structures and hence policy actions vary from country to country, but all can consider common 

guidelines to facilitate the contribution of storage assets to providing ancillary services to a high VRE 

grid: 

Removing technical requirements not rooted in physical system needs would open the markets to 

more players, enabling more product diversity and market liquidity. Requirements should be reviewed 

for their relevance to good system operation – for instance the minimum time and capacity 

requirements. One pathway to reduce those requirements, starting to emerge in countries such as 

France or the UK, would be to enable and facilitate the aggregation of small scale resources, both 
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keeping the number of contractual partners for the system operator low and smoothing the variability 

and uncertainty of individual assets. Information and communication technology facilitate the technical 

implementation of asset aggregation, as well as the more flexible management of all ancillary services 

assets. Ideally, market entry requirements should be broadened rather than tightened, so that 

additional classes of assets can enter, without excluding those that currently serve the market.  

Commercial requirements ought also to be adapted to take into account the specific qualities of new 

technologies. Given the often limited capacity of individual storage assets, market liquidity is 

particularly important for their efficient market integration. For example, instead of fixed pricing based 

on regulated terms, or on auctions held weeks or months ahead of real-time, mechanisms should allow 

market participants to react to system needs just days or hours ahead of real-time. Such approaches will 

increase market transparency and liquidity and should ultimately contribute to lowering the overall cost 

to the system of acquiring ancillary services. This would also be beneficial to the integration of storage 

assets, as their contribution to system stability can be maximised if their capacity can be dynamically 

allocated to different grid services7.  

Developing market mechanisms to remunerate response accuracy and rapidity for frequency 

containment8 reserves can lower the subsequent need for frequency restoration9 and replacement 

reserves and respond to system needs caused by high VRE, such as illustrated by the Federal Energy 

Regulatory Commission (FERC) orders 755 & 784 (see Text box 2) in the USA, and the UK National Grid’s 

tender for Enhanced Frequency Response (National Grid, 2015). 

                                                           

7 There is nothing wrong with the ancillary services provided by conventional generators in a system dominated by 
conventional generators. However, where higher shares of RE come in, the capabilities of batteries to react within seconds and 
to follow demand curves very precisely is better suited to provide ancillary services 

Frequency containment and restoration (ENSTO-E terminology) are used here to generally refer to the fastest and second 
fastest category of frequency response. Similar services exist in other areas under different names.  

8ENTSO-E definition: Frequency containment reserves are operating reserves necessary for constant containment of frequency 
deviations (fluctuations) from nominal value in order to constantly maintain the power balance in the whole synchronously 
interconnected system. Activation of these reserves results in a restored power balance at a frequency deviating from nominal 
value. This category typically includes operating reserves with the activation time up to 30 seconds. Operating reserves of this 
category are usually activated automatically and locally. (ENTSO-E, 2016). 

9 ENTSO-E definition: Frequency restoration reserves are operating reserves necessary to restore frequency to the nominal value 
after sudden system disturbance occurrence and consequently replace FCR if the frequency deviation lasts longer than 30 
seconds. This category includes operating reserves with an activation time typically between 30 seconds up to 15 minutes. 
Operating reserves of this category are typically activated centrally and can be activated automatically or manually (ENTSO-E, 
2016). 
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3.2.3. Market liquidity is essential for storage participation in energy markets  

The ability for storage to participate and be remunerated across energy markets in a timely manner will 

be required if they are to be used more widely. 

Challenges and opportunities 

Like the ancillary services market, the existing energy market is based on future contracts and delivery 

guarantees. The bulk of the trading is based on long term bilateral contracts well suited to the business 

model and operating characteristics of large thermal assets. Neither renewable nor storage assets fit 

well to this business model or contractual approach. Driven by the Renewable Portfolio Standard (RPS) 

requirements, wind and large PV projects in North America are increasingly selling through Power 

Purchase Agreements (PPA) to overcome this fundamental barrier. 

Storage (mainly pumped hydro storage) has historically been used for arbitrage, storing cheap electricity 

and selling it back at high spot market prices, and to ensure the grid reliability in case of a failure of a 

thermal plant. However, increased amounts of low marginal cost PV, which produces during peak 

Text box 2: FERC Orders 755 & 784 

Through Orders 755 and 784, the US Federal Energy Regulation Commission (FERC) improved the 

market conditions for fast and accurately responding energy storage resources like flywheels and 

batteries.  

755 says ‘[…]compensation methods for regulation service in [Regional Transmission Organization 

(RTO)] and [Independent System Operator (ISO)] markets fail to acknowledge the inherently greater 

amount of frequency regulation service being provided by faster-ramping resources.’ It requires that 

‘RTOs and ISOs compensate frequency regulation resources based on the actual service provided, 

including […] a payment for performance that reflects the quantity of frequency regulation service 

provided by a resource when the resource is accurately following the dispatch signal.’ (FERC, 2011)  

This was the first instance of a rule requiring RTOs and ISOs to pay more for the fast-ramping services 

that certain storage technologies can deliver, than for other types of ancillary services. 

This principle was further strengthened by Order 784, which requires ‘each public utility transmission 

provider to […] take into account the speed and accuracy of regulation resources in its determination 

of reserve requirements for Regulation and Frequency Response service’ meaning, in effect, that 

those operators using fast-ramping storage assets could satisfy their obligations with a reduced 

reserve capacity. 

The impact of FERC 755 and 784 on the deployment of battery storage to provide frequency 

regulation has primarily been observed in the PJM Interconnection, the regional transmission 

organisation (RTO) which covers a large section of the northeast US. This is the result of the different 

load and generation profiles but also how the order was implemented. For example, the capacity 

threshold for frequency response in PJM is 100kW while in NYISO and ISO-NE that threshold is 1MW. 

PJM was also the first ISO to implement the order. As a possible indicator of its success, of the 62 

megawatts of energy storage deployed in the USA in 2014, two-thirds of it was located in PJM 

territory (Clean Energy Group, 2015). 
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demand hours, has helped decrease base to peak electricity price spreads and greatly reduced the value 

of the arbitrage model. A shift from a demand-driven daily price profile to one strongly influenced by 

supply-side events is already apparent and is only likely to be reinforced as renewables penetration 

increases. The shift has been accompanied by an increase in price volatility, particularly downward, and 

by increased volumes of trading on the intra-day spot market to compensate for renewables-related 

forecast errors. 

This does not mean that storage assets will never again be operated for arbitrage. Average base to peak 

price spreads could increase, though likely due to supply variability rather than demand. This could 

allow a new arbitrage business model for storage, with its own operational profile and technical 

requirements. However, during the transition, the legacy peak to off-peak demand shift model 

underpinning current installed pumped hydro storage capacity will probably not drive additional storage 

deployment. Under that assumption, flexible market mechanisms are needed to reflect and remunerate 

the characteristics and services that the different forms of storage can provide to the system. 

Possible solutions 

In a high VRE system, an energy market dominated by long term forward contracts is not likely to be the 

most cost efficient solution. The trend to larger shares of closer to real-time trading, already observed in 

recent years, is likely to continue. Such a paradigm aligns well with the needs of storage assets, as it 

would increase their operational flexibility. A general shift to more near term trading is likely to lead to 

a dynamic market framework that would also be more responsive to the perturbations caused by 

forecast errors and other output uncertainties of renewables. 

Both the energy and ancillary services markets can have a significant impact on the Transmission System 

Operator (TSO) who must operate and balance the grid. While closer to real-time market products could 

make the TSO’s task less predictable, they could help address the changes in energy system 

characteristics (e.g., reduced inertia and increased supply volatility) accompanying the transformation 

of the generating asset pool. TSOs must be intimately involved in developing the new market products 

and rules, which must balance the needs of the TSO with those of other energy system actors. 

3.2.4. Suitably designed capacity mechanisms could support deployment of new 
technologies 

Capacity mechanisms, in the form of markets or targeted payments, are being deployed in many 

countries to ensure sufficient firm capacity is available in periods of peak demand. They are already in 

place in the UK and Ireland, and under consideration in France and Germany.  

Challenges and opportunities 

Capacity mechanisms work to correct the problem that current energy markets do not provide 

sufficiently strong price signals to guarantee adequate capacity in periods of very high demand. This is in 

part attributed to increasing VRE on the grid, which influences price signals under the current 

framework. While capacity mechanisms are often perceived as an incentive to keep dispatchable 

thermal generators online, they are not necessarily aimed at any particular technology.  
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These markets are a potential opportunity for storage, which could provide additional capacity during 

high demand, but their relevance depends on a number of factors: 

 Requirements of newly-built storage differ from the requirements of existing assets that require 

additional revenue streams to remain operational. Markets purely focused on cost may be more 

attractive for existing assets and not well suited to support investment into novel technologies. 

Recent experience with cheap natural gas in North America shows that the cost base of fossil fuel 

plants can shift quite dramatically, reducing (or enhancing) the need for additional capacity incentives 

considerably.  

 Particular strengths of storage as additional capacity lie in its (locally) emissions-free operation, very 

short lead time relative to the alternatives, and flexibility. Capacity mechanisms typically do not 

feature an incentive for these attributes, which lowers their attractiveness for storage assets. 

 Specific storage characteristics, including finite capacity and uncertain state of charge at any given 

time, are a risk to their availability and hence to addressing the purpose of a capacity market. These 

limitations can be addressed in the framework of the capacity mechanism – for instance through the 

provision of advanced warning before expected events of particularly high demand, or by attributing 

a capacity factor to storage assets – to create an opportunity for storage to help fill the gap. 

 Capacity mechanisms interact with the remainder of the electricity market by adding remuneration 

streams. For a transition, this is both a risk, as the market can be skewed towards polluting 

technologies, and a potential opportunity for novel technologies. Storage could directly benefit from 

capacity revenue, or indirectly from the facilitation of the transition of the core electricity markets to 

a framework more adapted to storage and renewables.  

 

Possible solutions: 

As a temporary measure to better integrate flexibility measures such as storage while the remaining 

system is being reformed, capacity mechanisms can help conventional generators to remain online until 

the system is ready for them to be phased out. If they remain an important part of future electricity 

Text box 3 UK capacity auction 

A first capacity market, based on a competitive and technology neutral auction was decided in 

the UK in 2014. In late December, National Grid organised the auction, sourcing capacity for a 

one year period starting 1 October, 2018. 49.26 GW of capacity were sourced, at 

£19.40/kW/year. 

6% of the capacity was made up by storage assets, but exclusively PHS. The auction was 

generally not considered attractive by the developers of new projects, as the clearing price 

was expected to be too low compared to the requirements. 

Overall only 5% of the sourced capacity (25% in terms of number of assets) was sourced from 

newly developed projects. Demand side response, which has to fulfil slightly different 

requirements than generation and storage assets, only represented 1% of the sourced capacity 

(5% of the assets) (National Grid, 2015). 

While this auction will be complemented by a second round one year before delivery, it seems 

that the first round of auction has not delivered sufficient incentive to trigger investment in 

large numbers of new projects, especially for storage technologies. 
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markets, they should be designed to be coherent with the wider energy transition context. This would 

include emission limits, and possibly even specific provisions to facilitate the inclusion of technologies 

such as storage. For example, advance warnings of high demand would enable storage to offer 

maximum capacity when required, while outside of these periods, storage assets could operate more 

freely, using their capacity for whichever services were most required by the grid.  

To help the future market framework, capacity mechanisms would need to facilitate the development of 

new projects through suitable provisions, such as long term visibility on revenues. 

The storage mandates in California (see Text box 7) were created for a similar reason to the capacity 

mechanism in the UK and can be considered as an alternative solution to the resource adequacy 

problem. 

3.2.5. Grid fees can harm the business case of storage 

Challenges and opportunities 

Given its natural monopoly position, the cost of developing, maintaining and operating the electricity 

grid is generally not conveyed through competitive market mechanisms. Users contribute to costs 

through grid fees, or transmission and distribution tariffs and in the US via high cost Locational Marginal 

Pricing (LMP) in areas where there is high congestion. These are paid by consumers, typically on the 

basis of their consumption, but in some cases on the basis of their connected capacity or through fixed 

monthly fees, or shared between consumers and generators. It has been argued that a shift to time- or 

location-based price signals could encourage grid-friendly behaviour (ENTSO-E, 2014). The purpose of 

the grid fees depends on national frameworks, in many cases including the cost of sourcing ancillary 

services and transmission and distribution losses (ENTSO-E, 2014). 

Storage assets, acting as both generation and demand, may be subject to double grid fees in certain 

cases; this is historically true for PHS assets. This seems particularly counterintuitive for storage 

primarily used to reduce the stress on the grid, or to provide the very services financed through grid 

fees. But as long as those assets could generate strong revenues from foreseeable and constant price 

differentials, the double fee issue could be managed. With today’s more volatile and differentiated price 

signals, double grid fees are a burden, and several countries have recognised the need to either fully or 

partly exempt PHS, or storage more generally (European Commission, 2012; ENTSO-E, 2014). 

The emergence of behind-the-meter generation and storage gives rise to a grid fee issue on a different 

level. In systems where grid fees are based on consumed kWh, power-generating end-users (prosumers) 

using behind-the-meter storage to support self-consumption reduce grid fee income for system 

operators, as less electricity is transported on the grid. However, these costumers still depend on that 

grid, and many of the costs do not scale with the amount of electricity transported. In fact, strain on the 

grid can even be increased through the presence of storage (see Text box 4). 
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Possible solutions 

A more differentiated approach to grid fees may help integrate storage assets, which are not 

functionally clearly either demand or generation, and are able to adapt their behaviour to provide grid 

services. A fee structure encouraging behaviour that contributes to grid stability could create an 

incentive for storage assets to behave according to principles of “good citizenship” and ultimately to 

contribute to a more efficiently run grid. Ways to achieve this include defining different fees in different 

operative bands (e.g. ramp rates, maximal output etc.), introducing a locational element, or having 

more differentiated time-of-use elements to grid fees. 

Text box 4: Behind-the-meter storage - a blessing or a curse for the electricity grid? 

Behind the meter storage units (e.g., batteries coupled to PV installations) may increase rather than 

reduce stress on the electricity grid, if operated in an uncontrolled manner. Battery systems 

optimised for maximising self-consumption will start charging as soon as the PV panels generate 

more than the on-site demand. On a typical sunny day, this will reduce the PV generation seen by 

the grid early on. Once the battery is charged, PV output exceeding on-site demand will be fed 

directly into the grid. If the battery size means this occurs in the middle of the day, during strong 

solar radiation but low demand, very steep ramp rates for solar generation will arise. Similarly, much 

of the residential demand in the evening is likely to be met by stored energy, leading to very steep 

step changes in residual load as the batteries kick-in and then exhaust their stored energy. 

Figure 4 shows the load and VRE supply profiles in a hypothetical case of millions of uncontrolled 

batteries acting together. Although it represents a worst case scenario, not considering differences 

in the operating profile of individual systems, it illustrates the risks. 

 

Figure 4 Potential impact on supply and demand curve in Germany of uncontrolled operation of 
millions of house battery systems optimised for self-consumption (Agora Energiewende, 2015) 

If behind the meter storage is used to reduce ramp rates of solar generation and to reduce peak 

generation output during relatively low demand, it can benefit the grid and enable the integration 

of more distributed PV. The charge and discharge profile for a system friendly approach could either 

be controlled on an individual installation level, e.g., by limiting ramp rates and in- or output power 

levels, or on an aggregated level by coordinating a pool of systems, taking into consideration factors 

such as weather forecasts, demand forecasts and local grid constraints. 
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The effect of increased self-consumption on grid fees needs to be considered in the context of the larger 

discussion around the impact of net metering schemes and feed in tariffs for decentralised generation 

assets. These often encourage maximisation of output, regardless of grid considerations. Possible 

adaptations include fixed fees for consumers, or minimum monthly charges, but mostly do not address 

the question of “good citizenship”. The IEA-RETD RE-PROSUMERS (IEA-RETD, 2014) report discusses the 

role of PV prosumers in more depth.  

3 . 3 .  U N C E R TA I N T Y  R E G A R D I N G  T H E  P E R F O R M A N C E  O F  
S T O R A G E  T E C H N O L O G I E S  A F F E C T S  A D O P T I O N  

Large-scale transmission level-connected electricity storage, and thermal storage for industrial and 

residential heating purposes, have been a part of energy systems around the world for a long time. 

Energy storage in its emerging function as an enabler for the integration of VRE is relatively new in 

deployment. This introduces uncertainty regarding the technical capabilities and requirements and also 

the commercial prospects of storage assets, affecting their deployment. 

3.3.1. Uncertainty exists on technical requirements and characteristics  

Challenges and opportunities 

Much storage technology is still evolving, so the performance characteristics, particularly under real-

world operating conditions, are not entirely known. Given the complex operational space of energy 

storage, and the dependence of performance characteristics of many storage technologies on the 

charge and discharge parameters, the definition of standardised performance metrics is hard. Multiple 

technologies, with very different performance characteristics, further complicate the issue.  

At the same time, applications and usage profiles of storage technology in the transitional and future 

energy system are not yet clearly defined, and are still evolving. These operational characteristics have a 

strong influence on the technical performance of storage assets. Insight from the legacy application of 

PHS for spot market arbitrage does not necessarily help in assessing emerging storage applications and 

technologies, and may lead to the wrong conclusions for storage for VRE integration. 

Performance and cost analyses of storage technologies – batteries in particular – suggest that storage 

costs will drop considerably as technologies get deployed more widely. For batteries, the cost evolution 

does not only depend on stationary products, but is expected to be driven by other sectors, such as 

consumer electronics and electric vehicles (Nykvist & Nilsson, 2015). Matching those forecasts with 

uncertain operational conditions for the services best suited to storage (e.g., the need for the different 

types of frequency regulation and load shifting), is particularly hard. For conservative actors like electric 

utilities, these uncertainties about storage performance are a major risk and may limit the application of 

new technologies.  

Possible Solutions 

To minimise uncertainty, standardised use cases, test cycles and performance indicators are needed. 

This would ensure a minimum level of comparability between storage assets of the same technology 

family – and possibly between different types of storage. The development of interconnection and 

communication standards, and storage standards and codes more generally, would also help increase 

clarity on the technical requirement and performance of storage. Efforts to drive the Regulations, Codes 

and Standards (RCS) of grid connected storage are already under way (see Table 1). Such efforts are 
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most useful if coordinated and harmonised across different countries and regions, allowing wide 

technology applicability. 

Table 1 Examples of bodies developing RCS for storage with a global scope 

 DNV GL led GRIDSTOR10 

consortium 

EPRI Energy Storage 

Integration council (ESIC)11 

IEC Technical Committee 

12012 

Focus Create Recommended Practice 

guidelines for Electrical Energy 

Storage (EES) asset safety and 

performance protocols and 

EES legal aspects. Focus on 

technology specification 

standards. 

Create common lifetime 

guidelines and develop 

StorageVET, a publically 

available free cost/benefit 

analysis tool that enables the 

modelling and analysis of an 

EES project. 

The standardisation of EES for 

the integration into systems 

and the communication and 

control of these assets. Less 

focus on EES technologies. 

Defined 

Working 

Groups 

 System safety: design, 

legal, installation 

 Operation: control, 

battery state of charge 

and health 

 Performance: validation, 

specifications, data 

handling, requirements 

 Applications: 

requirements 

 Performance: metrics, 

tests 

 System Development: 

safety, specs 

 Grid Integration: control, 

installation 

 Analysis: data, modelling 

 EES terminology 

 Unit parameters and 

testing methods 

 EES planning and 

installation 

 Environmental issues 

 Safety considerations 

Common 

objectives 

Identify gaps in standards, develop common performance measures, installation guidelines, 

standardised commissioning and decommissioning,  

 

The most reliable real-life technical requirements and performance learnings come out of pilot and 

demonstration projects. Such projects are particularly valuable in the light of the variety of storage 

technologies and the specificity of the technical requirements (see Text box 5). Sharing results widely 

can efficiently improve the understanding of real-life conditions for storage and hence achieve more 

targeted development efforts. The US Department of Energy (DoE) database (DoE, 2015), and the EASE 

Energy Storage Database (EASE, 2015) are good examples of tools to help disseminating knowledge 

about ongoing projects. These databases could, however, be made more useful if they also reported on 

the performance, reliability and causes of outages of storage assets.  

A further useful tool to identify knowledge gaps and priorities are roadmaps for technology 

development. Numerous roadmaps lay out the requirements of storage (IEA, 2014; EASE & EERA, 2013; 

                                                           

10 GRIDSTOR https://www.dnvgl.com/energy/feature-articles/gridstor.html  

11 EPRI EISC http://www.epri.com/Pages/EPRI-Energy-Storage-Integration-Council-(ESIC).aspx  

12 IEC TC120 http://www.iec.ch/dyn/www/f?p=103:7:0::::FSP_ORG_ID:9463  

https://www.dnvgl.com/energy/feature-articles/gridstor.html
http://www.epri.com/Pages/EPRI-Energy-Storage-Integration-Council-(ESIC).aspx
http://www.iec.ch/dyn/www/f?p=103:7:0::::FSP_ORG_ID:9463
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ADEME, 2011), and can serve as valuable guidelines to define deployment targets. But as discussed in 

section 3.1.3, such roadmaps must be harmonised with technology deployment roadmaps of adjacent 

technologies and sectors. Such roadmaps also support the identification of priorities for support of 

novel technologies. Suitable support can be critical to help new technologies come down in cost and 

become market competitive.  

 

One uncertainty more prominent for storage than for many other novel technologies in the energy 

sector is its integration into grids and markets. Demonstration projects evaluating possible business 

models of storage and the consequences of particular market specificities on operational requirements 

can help fill this knowledge gap. While such projects are key to the commercialisation of any technology, 

both technical and commercial demonstrators are important for storage, given its unusual status and 

potential in the wider energy system. 

 

3.3.2. Uncertainty exists on costs and financial performance 

Beyond the technical uncertainties, the considerable uncertainties regarding the investment cost and 

commercial environment of energy storage affect the successful deployment of assets. As discussed in 

section 3.2, some potential target markets for storage, such as ancillary services and the energy spot 

Text box 5: Terna battery storage projects 

Faced simultaneously with dropping demand during the economic crisis, and rapid growth of 

variable generation driven by falling costs of solar panels and generous incentives, Italian 

Transmission System Operator Terna had two different forms of technical challenges in the early 

2010s: an “energy problem” in the southern parts of the mainland and a “power problem” on 

Sardinia and Sicily. 

The “energy problem” was due to high amounts of wind and, to a lesser extent, solar, which had 

priority dispatch. The slowing energy demand meant a substantial mismatch between supply and 

demand and very high levels of curtailment (~500 GWh in 2010).  

On Sardinia and Sicily though there were power quality problems, as the increased VRE reduced 

the amount of conventional generators on the grid. On these small island grids, weakly 

interconnected to the mainland, the resulting lack of inertia in the system limited the frequency 

reserve capacity. To address this, Terna installed 75 MW of battery storage in two different 

demonstration projects: 

 To address the “power problem”, storage lab was put in place. Nine different battery 

technologies totalling 16 MW were installed with the aim of comparing their 

performance. Final results will feed into the choice of technology for the installation of an 

additional 24 MW of storage for frequency regulation. 

 For the “energy problem” on the mainland, 35 MW of NaS batteries are being deployed. 

This deployment is scheduled to be achieved by December 2015.  

While it is too early to draw conclusions, these projects should bring valuable learning on the real-

life performance of different battery technologies for frequency regulation and on NaS batteries 

for curtailment minimisation and congestion relief on a congested grid.  
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market are particularly affected by the transition to larger shares of VRE. This reduces the general 

predictability of revenue streams in those markets and particularly hurts new entrants, struggling with 

an additional level of uncertainty on their potential role. Storage projects, often designed on a 5-20 year 

timeframe, require stability and predictability in revenue streams to be successfully developed. 

Potential investors face both uncertainty about the technology capabilities and requirements of storage 

and a lack of transparency of potential revenue streams, which is particularly critical when different 

revenues streams need to be stacked. And the specifics of storage related markets vary between 

countries, so learnings from investment in one are not necessarily applicable to another. This lack of 

certainty and clarity unavoidably has an impact on the willingness of investors to engage and on the cost 

of capital for developing such projects.  

Policy can add further uncertainty. Storage projects depend on a complex policy framework, potentially 

across several sectors, and typically have a 5-20 year lifetime. To commit, investors require some 

assurance that policy changes will not fundamentally alter the expected returns of their project.  

Possible Solutions 

Uncertainty around novel technology, especially in a transitioning market framework, is inevitable. As a 

challenge for any new technology, policy makers can help address some of the uncertainty issues facing 

storage.  

To create more market opportunities for storage developers, and more market clarity overall, 

harmonisation of requirements, use cases, regulations and market frameworks over different regions 

and countries could be encouraged. This would enable storage developers to design more widely 

applicable products, and enter a wider range of markets. Consolidated regulations and frameworks 

would ideally provide clear market signals for the services required to maintain system performance, 

safety and reliability as the system characteristics and requirements evolve (see chapter 3.2). Increased 

market transparency, and a general move to broad market instruments rather than bilateral contracts 

can further improve conditions. 

System-level analyses and simulations should be conducted to improve the understanding of the need 

for and value of storage, both on a global and localised level. Ideally these will involve the regulators, 

TSOs, DSOs, utilities, technology developers and other system stakeholders, and identify technical and 

operational requirements for system stabilisation, viable business models, and deployment strategies. 

Any specific policies put in place must be sustainable both for the businesses developing an activity 

based on them, and for the public authorities backing them politically or economically. Policies must 

hence be developed in line with wider system targets, with their implications for other parts of the 

energy system assessed before implementation, and monitored. 

More concretely, system operators could define lists of pre-qualified storage assets and vendors, which 

would inform project developers of storage solutions that meet system requirements. A similar 

approach has been used for the New York State Energy Research and Development Authority’s 

(NYSERDA) CHP accelerator programme, successfully increasing consumer confidence.  

A further element of policy certainty for storage developers is a clear signal of the direction of the 

overarching system changes. Clear timelines for tightening the allowable emission levels, for instance, 
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would reassure stakeholders that the most polluting types of generation assets are unlikely to be 

available to balance the grid in the long run.  

 

3 . 4 .  S Y S T E M  O P E R AT O R S  H AV E  A  P R I V I L E G E D  P O S I T I O N  I N  
S T O R A G E  D E P L O Y M E N T  

The system operators at both the transmission and distribution levels inhabit a privileged, natural 

monopoly position in the system. As the entities responsible for the shared transmission and 

distribution grid infrastructure – in some instances just for its operation, in others also as owners – they 

have unique insight into the performance, requirements and needs of the current system, its limitations, 

and its expected evolution. In some countries the TSO also runs the ancillary services market. The 

system operators are thus best positioned to define and understand the current and future needs of the 

system in terms of services and infrastructure, and are naturally best placed to recognise the role 

storage can play in grid stabilisation from both infrastructure and operational points of view. 

A large part of the ‘hidden value’ of storage, e.g., the ability to enable the deferral of grid investments, 

or to improve local grid power quality, directly affects or is first seen by the system operators. They can 

hence most readily pull together all these various value streams into a single value proposition for the 

deployment of storage. However, the regulatory and market frameworks under which system operators 

function vary significantly from country to country. Very few generalisations can be made about 

required changes to those frameworks. 

Two major facets of the system operator role, described below, have implications for energy storage 

deployment, and face various challenges and opportunities. Possible solutions to these challenges are 

common to both and are thus described in a single section rather than subsection by subsection as for 

the other themes. 

Text box 6: UK Power Networks - Smarter Network Storage 

UK Power Networks, the UK Distribution Network operator (DNO), initiated the Smarter Network 

Storage project to better understand the impact of current regulation on distribution level storage 

assets. As in many countries, the experience base for storage on the distribution grid is limited in 

the UK, as adequate technologies are just starting to emerge and the needs for distribution level 

flexibility starting to evolve.  

The project aims to identify barriers to storage deployment at the physical connection level, and 

during operation. It will allow several possible business models for storage to be tested in 

practice, and real-life implications and barriers to such business models to be identified. These 

business models comprise four different ownership and operation structures ranging from full 

DNO ownership and operational control, to the DNO setting price signals for peak shaving that 

reflect the value of reinforcement. 

The intent is to formulate recommendations for storage deployment based on learnings from the 

installation and operation of a storage asset under real-life conditions.  
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Figure 5: The role of storage assets on different grid levels 

 

3.4.1. System operators have insight into multiple storage value streams  
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TSOs are typically responsible for forecasting and defining the needs in terms of transmission grid 
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maintaining and operating the distribution infrastructure. 

The system operators are therefore the natural locus for information regarding the evolving electricity 

system and the possible value of different assets and services. They are uniquely positioned to realise 

the benefit stacking expected to be possible with storage assets, and to build viable value propositions 

by combining multiple value streams. However, both TSOs and DSOs are regulated entities with clearly 
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markets, unbundling generally prevents TSOs and DSOs from owning or operating assets that could 

influence market prices. Electricity storage assets, which can shift supply and demand in time, can 
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operating them (See Text box 8). 
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3.4.2. Storage is likely to play a role in the distribution system as well 

Challenges and opportunities 

In the legacy electricity system, flows were predominantly unidirectional – from centralised generation 

through the transmission system to the distribution grid for delivery to meet demand. There is now an 

increasing presence of both generation assets (such as PV panels) and controllable demand on the 

distribution system, increasing both the capability for and the value of more active management. In fact, 

the new loads and generation capacity that have been added may require some active management to 

avoid the creation of stresses on the grid (see an example of this in Text box 4). Storage assets on the 

distribution system can be useful in such active management enabling DSOs to, e.g.: 

 Reduce local congestion; 

 Buffer energy to reduce impacts to or from the transmission grid; 

 Enable grid islanding in the case of transmission system outages. 

But as regulated entities DSOs are limited in the classes of assets they can own and operate, although 

limitations vary significantly by country. These limitations may need to be changed to enable DSOs to 

realise storage value on the distribution grid 

Possible solutions 

Policy makers should work with regulators and system operators to implement framework conditions 

allowing the operators to convert their unique insight in to the system needs (both assets and services) 

into market signals to help support the energy system transition. What seems clear is that system 

operators will need some measure of regulatory and contractual flexibility to enable them to respond to 

the evolving system needs, and to find solutions to obtaining the services that they require to effectively 

operate the system. 

These increases in flexibility could take various forms, depending on the local regulatory and market 

framework. They could include: 

 Changes to asset ownership models: It is not always clear if system operators in liberalised 

markets can own storage assets. Concerns about system operator ownership must be 

Text box 7: CPUC storage mandate in California 

While uncertainty about the status of energy storage in policy is cited as a major concern by many 

stakeholders, storage-specific policies are beginning to emerge. 

The most prominently cited example of a storage-specific policy comes from California. A law by the 

California Public Utilities Commission (CPUC) requires the state’s big three investor-owned utilities 

(IOUs) to add 1.3 GW of energy storage to their grids by 2020. The law defines quotas for storage on 

different grid levels, but does not prescribe a specific technology or application for the assets.  

Procurement of this capacity will occur through auctions, providing the utilities with some flexibility 

to reach the targets. Individual projects developed under this framework are not required to prove 

cost effectiveness, but have to compete on cost in the auctions. This definition was preceded by cost 

effectiveness studies by EPRI (Kaun & Chen, 2013) and DNV KEMA (Fioravanti, et al., 2013), and 

stakeholder consultations. 
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addressed, and ownership and operation models defined, which allow the system value of 

storage to be realised while not creating unfair advantages. 

 Changes to the definitions of asset classes or creation of new classes: Storage falls between 

supply and demand side asset classes, leading to a lack of regulatory clarity. Some stakeholders 

suggest storage is defined as a separate asset class, to enable specific policies addressing its 

particular needs and offerings. 

 Creation of new market mechanisms or products or even new markets: The value of storage 

often lies in aspects not rewarded by the current market framework (e.g., response accuracy 

and rapidity, avoidance of grid investments, etc.). This value could be unlocked through adapted 

market structures. 

 Changes to the rules governing system operator contracting: Flexibility for system operators to 

contract non-standardised products enables them to source required services, and understand 

the capabilities of service providers before a formal product is elaborated. 

 Changes to the technical requirements for market mechanisms and products: Technical 

requirements should reflect real system needs, and must be realistically achievable by the 

technologies that could address those needs.  

Policy makers should engage with regulators and operators to ensure that the framework conditions are 

adapted to reflect the needs of the intended energy system. To increase transparency, DSO should 

publish (non-proprietary) distribution plans looking at anticipated grid needs 5-10 years ahead. These 

should address areas – and locations – where energy storage could provide grid or reliability support, or 

where they can lead to avoided or deferred infrastructure investments. In the US, DSOs are starting to 

do this: in California, for instance, Investor Owned Utilities (IOU) are now required to conduct and 

report a multi-year distribution plan and specifically look for areas where energy storage could reduce 

the need for other investments.  

In the area managed by the Regional Transmission Organization PJM interconnection (encompassing 

large parts of the north east of the United States), the system operator conducts multi-year planning 

needs of the resources and the network needs. These plans reflect transmission investment needs for 

reliability, taking into account RE developments. They also indicate the risks of local congestion, which 

under the PJM regime translates into locational marginal pricing signals, affecting end-users directly. 

Energy storage, along with other solutions, such as demand response or distributed generation, could 

alleviate those issues and lower costs to consumers. Transparent reporting of possible congestion areas 

helps to informing decisions about the roll-out of storage.  
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Text box 8 Oncor proposal in Texas 

In the ERCOT (Electricity Reliability Council of Texas) region, about 90% of the electricity load of 

Texas, recent system evolutions have triggered an increased interest in storage. A rapid growth of 

wind resources, from 4.8 MW installed in 2007 to 12.5 MW in 2015 and planned to reach 21.8 

MW by 2017, adds a need for system flexibility.  

A study, commissioned by Transmission and Distribution (T&D) utility Oncor (The Brattle Group, 

2015), concluded that storage deployment could have a positive payback and could lower cost to 

consumers. The analysis showed that that the system-wide (and societal) benefits could be 

maximised through the installation of ~5,000 MW (15,000 MWh) of storage, assumed to have all-

in costs of $350/kWh. However, this value depends both on the value of investment deferral on 

the regulated T&D side of the system, and on the merchant / market value of stored energy for 

unregulated players on the market.  

But storage has not yet been deployed based on this study, because assets that participate in the 

wholesale electricity markets cannot be owned and operated by regulated utilities under Texas 

market rules. This principle, which also applies to some markets in Europe, prevents regulated 

actors from directly deploying storage assets that combine value from the regulated and 

unregulated side of the system.  

Oncor hence found it challenging to realise the T&D value of storage. The identification of 

congested locations, where the value of storage would be highest, relies on data that T&D 

utilities cannot easily share for commercial, operational and security related reasons. 

Furthermore, storage for grid investment deferral would often be placed in substation locations, 

where third party equipment could typically not be operated. For this reason, an ownership 

model where the T&D utility owns the storage asset, but is forced to auction the capacity not 

required for grid stabilisation purposes to third parties as “warehouse capacity” was proposed 

(The Brattle Group, 2015). The third party could use this capacity for any purpose, but the T&D 

utility would be prevented from directly influencing the unregulated market. Any money earned 

through these auctions would be fed back to rate payers. 

This proposed model is not currently in place, as it is not compatible with current laws, but 

represents a possible way forward should these laws be changed. 
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4 .  S U M M A RY  O F  R ECO M M E N D AT I O N S  

The context of this study is the ongoing transition to an energy system containing higher shares of 

renewables. The highest level objective is to identify no-regrets interventions that could support 

increased shares of renewables in the energy system, through enabling the use of storage technologies. 

Vast differences in regulatory structures, market dynamics, network architectures and other 

considerations mean that such policy suggestions are inevitably also quite high level. Very specific 

recommendations, for example to do with allowing certain types of storage in certain locations in 

certain market conditions, are relevant only to very few cases. Attempting to make the 

recommendations more generic risks push-back from actors facing other, different, local conditions. 

Conversely the primary barriers to achieving these objectives, while highlighted through people’s 

attempts to install storage, tend to also affect many other parts of the system. 

Simply put, increased storage is not always the solution to increasing RE penetration, but in many 

cases it is not even possible to assess its benefits. Market structures, regulations and technical 

uncertainty, inter alia, stand in the way. The focus of the recommendations is hence on identifying and 

then removing barriers to storage deployment that could support renewables within a specific context, 

and on creating the regulatory and market framework conditions that will allow markets to more readily 

drive that deployment. Not all recommendations are relevant to all countries, given the different 

framework conditions. The underlying principles that drive those recommendations should, however be 

generally applicable. 

The recommendations can be grouped into two categories: 

 Ensuring that policy maker and stakeholder decisions are based on a clear and consistent systems 

perspective regarding the energy transition; 

 Increasing market and regulatory transparency and flexibility so that sector actors can respond 

effectively to the challenges of the energy system transition. 

4 . 1 .  TA K I N G  A  S Y S T E M S  P E R S P E C T I V E  

Many of the issues surrounding storage and RE deployment are inherently system issues and must be 

informed by systems thinking. The top-down strategic policy objectives behind the energy transition – 

reducing carbon emissions or exiting nuclear – play a central role in driving the deployment of new 

energy technologies. They also drive adaptation of the market, regulatory and policy frameworks to 

resolve the challenges of integrating large shares of RE in a legacy electricity system designed around 

conventional thermal generators. These challenges include the increased variability of the generation 

mix as well as very specific technical characteristics such as reduced system inertia. It is therefore 

incumbent on policy makers to ensure that the strategic objectives that they set are clear and 

consistent, that the system implications are understood, and that implementing policies define a 

coherent path to the desired end state. To achieve this, policy-makers and others must be well 

informed. 

 Define system roadmaps and targets: For those aspects of the system transition defined by strategic 

policy objectives, clear roadmaps will help to guide stakeholders and serve as boundary conditions to 

other, more specific studies. An overarching roadmap on the system transition (e.g., to a zero-carbon 

electricity system by 2050) should thus ideally be complemented by specific roadmaps for different 
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relevant sectors. These would include VRE in general and specific types of VRE in particular; the role 

and place for storage; support for and integration of different new technologies. Crossover effects 

into other sectors (transport, heat, gas networks) should be clearly identified and families of 

roadmaps produced for these sectors too. Evidently these roadmaps need to be coherent – using 

storage through EVs to support the electricity transition must also be reflected in policy on EV rollout 

itself. Numerous storage technologies are positioned in a particularly complex space, often between 

sectors, and hence particularly rely on such coherence.  

 Highlight system operator value: The system operators will be essential in providing insight to these 

roadmaps and in other areas such as market structures. They should conduct and make available 

detailed assessments and forecasts of the system flexibility needs as the generation and demand 

mixes change. They should use them to clarify what strategic policy objectives have implications for 

the evolution of the energy system, and what those implications are. 

 Take into account actual grid requirements: Specific technologies and policies will have noticeably 

different impacts in different regions. Informing all of these will inevitably require specific system 

studies to: 

o Assess the system implications of the defined strategic policy objectives: Renewable energy 

targets are defined at various levels of government as well as through international 

agreement. Reaching the targets will require system adaptation, down to the operational level. 

The implications will vary greatly depending on the available resources and baseline 

infrastructure; 

o Better characterise the capabilities of the relevant cross sector technologies: Different 

starting points in terms of available infrastructure in different sectors will lead to different use 

of cross-sector technology. Power-to-gas, as a means of storing and transporting large 

quantities of initially electric energy through the gas grid, is for instance a more promising 

option in countries with a well-developed gas infrastructure and high usage of gas (such as the 

UK) than in countries with limited gas infrastructure (such as Sweden or Japan); 

o Identify and clarify the ideal role of these cross sector technologies within the context 

created by the strategic policy objectives: Storage, in particular in the context of cross-sector 

technologies, can be an enabler of integration but is not an end in itself. The role of the 

technologies (such as electric vehicles) that storage deployment enables and supports should 

be defined, and support for storage should be aligned with the support for these technologies.  

o Investigate and clarify the interface requirements: 

 At various levels of the electricity system, such as between transmission and distribution, 

or behind the domestic meter; 

 Between energy sectors, such as electricity and gas; 

 Between national systems 

o Provide insight based on the real technical needs of the emerging energy system, by 

 Identifying existing technical requirements that are no longer relevant or are expected 

to change: the transition to large shares of RE will change technical requirements on the 

grid. Obsolete requirements (e.g., the need for an asset to provide symmetric up and 

down frequency response capability) may hinder the deployment of new technologies, 

such as storage, which cannot always do this  

 Understanding new technical requirements that may emerge: Similarly, new 

requirements will emerge, and will need to be met, e.g., through new market products 

(e.g., <15 second balancing due to reduced system inertia) 

o Identify regulations, codes and standards (RCS) that specifically block the use of storage that 

could support VRE, and whether they can be relaxed, altered or removed: many storage 
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technologies have not yet been deployed on the grid commercially. Their properties differ 

from current technologies and need to be taken into consideration in RCS development.  

o Develop standardised use cases, performance indicators and operational strategies for 

representative storage applications: This will allow more systematic benchmarking and 

comparison of technology options 

 Harmonise regulations, codes and standards for both the system and for emerging technologies, 

building on the insight gained from the identification of RCS barriers above. The development of 

cross-sectoral RCS (e.g., for applications such as power-to-gas) may be a lengthy process, so should be 

prioritised as a comparatively low investment enabling step. 

4 . 2 .  I N C R E A S I N G  M A R K E T  F L E X I B I L I T Y  A N D  
T R A N S PA R E N C Y  

Different countries have taken different approaches to electricity markets and their liberalisation. Some 

have resulted in greater transparency, flexibility and liquidity than others. The general trend towards 

greater regional integration and harmonisation suggests that the market frameworks in most countries 

will need to undergo some adaptation. VREs and related storage assets will rely on this framework to 

develop. To support both the adaptation and the effective integration of VREs and of storage, both 

flexibility and transparency are as essential. Policy makers can contribute to driving those features in the 

market development if they: 

 Prioritise and support existing programmes targeted at improving market transparency and at 

harmonisation of market and network codes and regulations (e.g., those being driven by 

organisations such as ACER and ENTSO-e). This would increase market liquidity and transparency, 

making it easier for storage (as well as VRE assets) to participate in the general electricity markets. 

Approaches could include: 

o Encouraging the creation and use of regulated power exchanges, ideally at a regional level, 

which will increase access to price and volume information and reduce barriers to entry for 

new providers; 

o Tasking system operators and regulators to expedite processes to harmonise these areas, 

which will reduce uncertainty about the required technology performance and market access 

requirements and contribute to creating a more uniform market. 

 Encourage the development of market mechanisms that reflect true system technical requirements 

and that also look ahead to the expected evolution of the energy system. Insight on the technical 

requirements should be drawn for the systems analysis discussed earlier. Approaches could include: 

o Revising the technical market entry requirements for energy, spot and ancillary services 

markets where it will ensure that these are grounded in true system technical constraints 

rather than legacy conventions, and that they will meet the needs of the evolving energy 

system. These requirements should be monitored and revised again as and when they change. 

o Tasking system and ancillary services market operators and regulators to articulate any need 

for new market products, such as closer to real-time product categories as well as products 

with faster response time, to address, e.g., decreasing system inertia. These should then be 

implemented as relevant to the local context. 

 Ensure that system operators have the regulatory and/or contractual flexibility to translate their 

unique system insight into appropriate market signals for new types of services, in the context of 

local structures and constraints. The regulatory framework should be reviewed to identify current 

barriers, and changes designed and implemented. Relevant aspects of the framework include: 
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o Asset class definition: It may, for instance, be desirable to define new asset classes for storage 

which would allow specific policy for storage to be more easily designed. This approach could 

enable storage assets to provide and benefit from the services it can supply to both the 

regulated and unregulated sides of the system. This would facilitate ‘benefit stacking’ for 

storage assets and improve their competitiveness;  

o Asset ownership models and restrictions: clarifying the ownership and operation of storage 

assets by regulated players would remove uncertainty and could enable ways to unlock the 

value that storage can deliver to system operators (e.g., investment deferral); 

o The framework under which system operators are able to contract services. For instance, to 

enable TSOs to contract the services of storage assets – even if they are not allowed to own or 

operate such assets themselves; 

o The range of products in the current markets. It may be necessary, for instance, to create new 

markets (e.g., capacity mechanisms) or new market products (e.g., fast response frequency 

reserve). 

 Task regulators and operators with reviewing (and changing) the grid fee system. Such a review 

should produce forecasts of how grid fees and operating costs could evolve under different 

technology deployment scenarios, as well as assessments of new grid fee mechanisms that could 

address challenges created by the current model. One possible approach could be the development 

of allowable bands of, e.g., ramp rates at various network interfaces, accompanied by increased fees 

when those bands are exceeded. Such an approach, similar to current demand charges, would 

encourage “good grid citizenship”. It could also promote the deployment of control and storage 

technologies at various levels of the grid, while facilitating its overall management. 

4 . 3 .  C O N C L U S I O N S  

It is clear that storage policies cannot be considered independently from the wider energy policy 

context. The infrastructure, generation mix, geographic situation, natural resources and industrial 

capacity will all have an influence on what constitutes sound storage policies.  

Despite this complexity, some general principles can be applied to facilitate the useful contribution of 

storage to the energy transition. Although storage has been part of the energy system for a long time, 

the types of storage and the types of applications that are used to integrate renewables are mostly new. 

Their properties and requirements are often not well covered by the current regulatory and market 

framework. Adapting those frameworks to remove barriers for storage and facilitate its integration is 

a low cost, low regrets policy option. For example, market access requirements can be adapted where 

they are not dictated by technical needs, and the role of storage as both a demand- and supply-side 

asset can be considered in the design of grid fee structures, to avoid double payment of fees and 

charges.  

More generally, energy markets, designed for a system dominated by large assets, will require structural 

adaptations to suit a system largely based on (variable) renewables. The requirements of storage are 

relatively well aligned with those of VRE, as both would benefit from more market liquidity.  

The ability to shift energy delivery in time allows storage to add a degree of freedom to the system, 

which is likely to facilitate the expected increased integration of the energy sector with the heat and 

transport sectors. An increase of the use of electricity in transport and heat has been identified as a 

probable path to lowering the climate impact of these sectors. For storage to act as a link between 

sectors, the respective sector level policies need to be coherent and compatible. 
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Given the particularly crucial role of the electricity grid for cross-sectoral linkages, electricity system 

operators will play an important role in enabling cross-sector synergies. They are also ideally placed to 

identify the value that storage brings that is not covered by markets, such as the deferral or avoidance 

of grid upgrades. The operators’ ability to translate that value into signals for storage will be a critical 

factor in grid-level storage deployment. Currently, in many frameworks, whether the system operator 

can own or operate storage is unclear, holding back their involvement. 

With most storage technologies for emerging applications being relatively new additions to the system, 

uncertainty about their technical capabilities are holding back deployment and investment. Further 

uncertainty, about the commercial performance of storage in the context of transitioning energy 

markets and systems, is also contributing to a general wariness about these new technologies among 

investors and project developers. This study provides recommendations for how stakeholders can 

engage around energy storage to ensure that decisions and policies regarding the energy system 

transition are informed by a clear and consistent systems perspective, and that barriers to the 

deployment of storage are reduced or eliminated. 



RE-STORAGE - Policies for Storing Renewable Energy, March 2016 

 

  Page 51 

R E F E R E N C ES  

ADEME. (2011). Les systèmes de stockage d’énergie - Feuille de route stratégique. Angers: Agence de 

l'Environnement et de la Maîtrise de l'Energie. 

Agora Energiewende. (2015). What if… there were a nationwide rollout of PV battery systems? Berlin: 

Agora Energiewende. 

Bertuccioli, L., Chan, A., Hart, D., Lehner, F., Madden, B., & Standen, E. (2014). Development of Water 

Electrolysis in ther European Union. Brussels: Fuel Cells and Hydrogen Joint Undertaking. 

Center for Sustainable energy. (2015). 2015 Self-Generation Incentive Program Handbook. San 

Fransisco: California Public Utilities Commission. 

Clean Energy Group. (2015). Energy Storage and Electricity Markets - The value of storage to the power 

system and the importance of electricity markets in energy storage economics. Montpelier, VT: 

Clean Energy Group. 

CPUC. (2015). California Public Utility Commission - Self-Generation Incentive Programme. Retrieved 11 

19, 2015, from https://www.selfgenca.com/documents/reports/statewide_projects 

DoE. (2015). DOE Global Energy Storage Database. Retrieved 11 29, 2015, from 

http://www.energystorageexchange.org/ 

E4tech, UCL, Kiwa Gastech. (2015). Scenarios for deployment of hydrogen in contributing to meeting 

carbon budgets and the 2050 target. London: CCC – Committee on Climate Change. 

EASE & EERA. (2013). European Energy Storage Technology Development Roadmap Towards 2030. 

Brussels: EASE. 

EASE. (2015). Energy Storage Database. Retrieved 11 29, 2015, from http://www.ease-

storage.eu/demonstrator.html 

EASE. (2015). Segmentation of energy storage applications. Retrieved from EASE: http://www.ease-

storage.eu/applications.html 

Ecofys. (2014). Flexibility options in the electricity systems. Berlin: Ecofys. 

ENTSO-E. (2014). ENTSO-E Overview of transmission tariffs in Europe: Synthesis 2014. Brussels: ensto-e. 

ENTSO-E. (2015). Survey of Ancillary services procurement, Balancing market design 2014. Brussels: 

Entso-e. 

ENTSO-E. (2016). ENTSO-E Metadata Repository. Retrieved from ENTSO-E Definitions and Acronyms: 

https://emr.entsoe.eu/glossary/bin/view/GlossaryCode/GlossaryIndex 

EPRI. (2010). Electricity Energy Storage Technology Options - A White Paper Primer on Applications, 

Costs, and Benefits. Palo Alto: Electric Power Research Institute, Inc. 



RE-STORAGE - Policies for Storing Renewable Energy, March 2016 

 

  Page 52 

EPRI. (2013). Cost-Effectiveness of Energy Storage in California. Palo Alto, CA: Electric Power Research 

Institute. 

European Commission. (2012). DG Energy Working paper - The future role and challenges of Energy 

Storage. Brussels: European Commisson. 

FERC. (2011, October 20). Federal Energy Regulatory Commission - Order 755. 2011. Washington D.C. 

Fioravanti, R., Kleinberg, M., Katzenstein, W., Lahiri, S., Tong, N., Abrams, A., & Harrison, J. V. (2013). 

Energy Storage Cost‐effectiveness Methodology and Results. Sacramento, CA: California Energy 

Commission. 

IEA. (2014). Technolohy Roadmap Energy Storage. Paris: International Energy Agency. 

IEA. (2014). The Power of Transformation . Paris: OECD/IEA. 

IEA-ETSAP; IRENA. (2013). Thermal Energy Storage - Technology Brief (IEA-ETSAP and IRENA Technology 

Brief E17 – January 2013). IEA-ETSAP & IRENA. 

IEA-RETD. (2010). RE-TRANS - Opportunities for the Use of Renewable Energy in Road Transport - Policy 

Makers Report. Utrecht: IEA Implementing Agreement for Renewable Energy Technology 

Deployment (IEA-RETD). 

IEA-RETD. (2012). Renewable energies for remote areas and islands (REMOTE). Utrecht: IEA 

Implementing Agreement for Renewable Energy Technology Deployment (IEA-RETD). 

IEA-RETD. (2013). Next Generation of RES-E Policy Instruments (RES-E-NEXT). Utrecht: IEA Implementing 

Agreement for Renewable Energy Technology Deployment (IEA-RETD). 

IEA-RETD. (2014). Optimised use of renewable energy through improved system design (Optimum). 

Utrecht: Next Generation of RES-E Policy Instruments. 

IEA-RETD. (2014). Residential Prosumers - drivers and policy options (RE-PROSUMERS). Utrecht: IEA 

Implementing Agreement for Renewable Energy Technology Deployment (IEA-RETD). 

IRENA. (2015). Renewables and Electricity Storage - A technology roadmap for RE2030. Abu Dhabi: 

International Renewable Energy Agency. 

Kairies, K., Haberschusz, D. M., Leuthold, M., Badeda, J., & Sauer, D. (2015). Wissenschaftliches Mess- 

und Evaluierungsprogramm Solarstromspeicher - Jahresbericht 2015. Aachen: RWTH Aachen - 

ISEA. 

Kaun, B., & Chen, S. (2013). Cost-Effectiveness of Energy Storage in California. Palo Alto, CA: Electric 

Power Research Institute. 

KfW. (2015). Merkblatt Erneuerbare Energien - KfW Programm Erneuerbare Energien "Speicher". 

Frankfurt am Main: KfW. 

McKinsey. (2014). EVolution - Electric vehicles in Europe: gearing up for a new phase? Amsterdam: 

Amsterdam Roundtable Foundation. 



RE-STORAGE - Policies for Storing Renewable Energy, March 2016 

 

  Page 53 

National Grid. (2015). Enhanced Frequency Response webinar presentation. Retrieved from National 

Grid: http://www2.nationalgrid.com/WorkArea/DownloadAsset.aspx?id=43334 

National Grid. (2015). System Operability Framework November 2015. Warwick: National Grid . 

Nykvist, B., & Nilsson, M. (2015). Rapidly falling costs of battery packs for electric vehicles. Nature 

Climate Change, Vol 5, April 2015, 329-332. 

Renewable Grid Initiative. (2012). European Grid Report - Beyond Public Oppositon, Lessons Learned 

Across Europe. Berlin: The Renewable Grid Initiative. 

RTE. (2015). BILAN PRÉVISIONNEL de l’équilibre offre-demande d’électricité en France - édition 2015. 

Paris: RTE. 

SEDC. (2015). Mapping Demand Response in Europe Today 2015. Brussels: Smart Energy Demand 

Coalition. 

The Brattle Group. (2014). The Value of Distributed Electricity Storage in Texas. ONCOR. 

The Brattle Group. (2015). The Value of Distributed Electricity Storage in Texas - Proposed Policy for 

Enabling Grid-Integrated Storage Investments (full technical report). ONCOR. 

 



 

 

M E M B E RS  O F  IEA - R E TD  

 

 

 

  



 

 

 

 

The International Energy Agency’s Implementing Agreement for Renewable Energy 

Technology Deployment (IEA-RETD) provides a platform for enhancing international 

cooperation on policies, measures and market instruments to accelerate the global 

deployment of renewable energy technologies. 

IEA-RETD aims to empower policy makers and energy market actors to make informed 

decisions by: (1) providing innovative policy options; (2) disseminating best practices related 

to policy measures and market instruments to increase deployment of renewable energy, 

and (3) increasing awareness of the short-, medium- and long-term impacts of renewable 

energy action and inaction. 

Current members of the IEA-RETD Implementing Agreement are Canada, Denmark, 

European Commission, France, Germany, Ireland, Japan, Norway, and United Kingdom.  
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