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Summary 
This study looks into the way multi-level interactions shape the development pattern of grid-
connected electricity storage in the electricity regime in The Netherlands. Electricity storage can help 
to balance the momentary supply and demand of electricity, both of which are volatile and subject to 
prediction errors. Recently, the attention for electricity storage has increased as a result of increasing 
amounts of intermittent wind and solar energy and the anticipated break-through of electric 
vehicles, both of which increase the total need for balancing capacity. Additional drivers of research 
in the field of grid-connected electricity storage are falling battery prices and the availability of 
additional governmental research funds in energy topics. Finally, as a result of pressure from civil 
society, actors in the electricity sector are increasingly inclined to consider innovative concepts, 
including electricity storage. 

The development of the electricity storage niche is analyzed in a socio-technical context. This implies 
that not only the technology, but also the socio-technical system in which it operates is evaluated. By 
applying the multi-level perspective (MLP) three analytical levels are distinguished: the socio-
technical landscape, containing external trends; the socio-technical regime, containing the dominant 
incumbent technologies, actors and rules; and the socio-technical niche, containing the non-
mainstream technologies, actors and rules. Both the characteristics of landscape, regime and niche 
and their interactions determine if and how a niche can mature and if and how a transition of the 
regime occurs. Furthermore, the hypothesis of co-development between niches acting in a specific 
regime is introduced. By applying the MLP and based on stakeholder interviews and secondary 
literature, two decentralized storage projects and two plans for large-scale pumped-hydro electricity 
storage (PHES) are analyzed as well as their interactions with the electricity regime and the influence 
of external trends.  

Based on the analysis, several conclusions can be drawn. First, the conclusion can be drawn that in 
the Netherlands distributed electricity storage has more chances to develop than large scale PHES, 
primarily because of the high costs associated with the latter. With respect to distributed storage can 
be concluded that the storage niche is heavily intertwined with other niches including demand side 
management, electric vehicles and distributed generation. This supports the hypothesis of co-
development of niches. For the distributed storage niche to advance, however, several barriers need 
to be overcome. These barriers include: unfamiliarity with the functions storage can provide, 
relatively high costs of electricity storage systems, recent investments in (interconnector) grid 
capacity, which reduce the need for some of the functions that can be provided by storage, and legal 
obscurity about what is allowed in terms of owning and operating storage units, since this is not 
explicitly covered in the energy law. 

To assess what can be expected for the future in the field of distributed electricity storage, four 
scenarios are written. These scenarios are based on different transition pathways that are plausible 
considering different levels of landscape pressure, the timing of the niche and the attitude of the 
regime towards the niche. Based on the scenario analysis, several conclusions can be drawn. First, 
the development of the electricity storage niche heavily depends on additional landscape pressure 
and subsequently on which actor group takes initiative. Furthermore, since the direction in which the 
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regulatory framework is adapted will largely determine the way in which distributed storage can be 
applied, a well organized lobby is essential for actors that aim to administer a transition in the 
electricity regime. 

Finally, based on the scenario analysis, several recommendations are made to KEMA, the company 
that sponsored this research. Since a market-take up of electricity storage is in the interest of KEMA, 
KEMA could aim to strategically advance the electricity storage niche. By offering step-by-step 
transition management to the regime actors, KEMA can develop a services portfolio, develop its 
knowledge position and expand its client base with limits risks. Furthermore, because niches are 
intertwined, KEMA can use its position in the other niches to create business opportunities for 
storage. 
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List of abbreviations 
 
AC Alternating current 
CAES Compressed Air Energy Storage 
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CoN Co-development of Niches 
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coupled, consisting of Germany, France and the BeNeLux countries 
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DSM Demand Side Management 
DSO Distribution System Operator 
EV Electric Vehicle 
EZ Netherlands Ministry of Economic Affairs (Dutch: Ministerie van Economische Zaken) 
FP7 The Seventh European Framework Programme 
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LV Low Voltage 
MLP Multi Level Perspective 
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NMa Dutch Competition Authority (Dutch: Nederlandse Mededingingsautoriteit)  
OPAC Underground Pumped Accumulation Plant (Dutch: Ondergrondse Pomp-Accumulatie 

Centrale 
PHES Pumped-Hydro Electricity Storage 
PTU Program Time Unit, block of 15 minutes, used in electricity markets 
SET-Plan European Strategic Energy Technology Plan 
SMES Super Magnetic Electricity Storage 
SNM Strategic Niche Management 
TLC Trilateral Coupling: the coupling of the electricity markets of France, the Netherlands 
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ToTP Typology of Transition Pathways 
TSO Transmission System Operator 
UPS Uninterrupted Power Supply 
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1 Introduction 
 

1.1 Increasing attention for electricity storage 
 

"electricity cannot be stored cost-effectively on a large scale"  
- European Commission – Directorate General for Competition (2011) 

 
"large quantities of electricity cannot be stored effectively" 

- US Department of Energy – Energy Information Administration (2009) 
 

"A unique characteristic of electric power is that it cannot be stored for future use." 
- US Department of Energy – Energy Information Administration (2010) 

 
"Electricity cannot be stored" 

- ENECO, Dutch energy company (2011) 
 

"In contrast with nearly all other products electricity cannot be stored (on a large scale)"  
- Netherlands Competition Authority (NMa), Office of Energy Regulation (Energiekamer) 
(2009a)1

 
 

The quotations above and similar phrases are often used by people who want to illustrate that 
electricity is radically different than any other commodities. While they are right that electricity is a 
unique product in terms of its 'logistics', their statements about electricity storage are disputable. 
Chemical batteries, of course, are widely applied as they are essential for portable consumer 
electronics and also cars would not start without batteries. But also stationary grid connected 
electricity storage is increasingly being applied. In the US, for example, flywheels connected to the 
grid are applied commercially to temporarily store electric power (Lazarewicz, 2009) while in Japan 
Sodium-Sulfur (NaS) batteries are installed to the grid (Yomogita, 2008). Pumped-hydro electricity 
storage facilities are applied in hydro-electric power plants all over the world. 

To understand why the attention for electricity storage is growing, the key words are reliability and 
system balance. The number one requirement for any electricity system is reliability, because almost 
all aspects of modern economies are dependent on the availability of electrical power. Therefore, 
electricity should always be available even in case of unexpected failures of a generation unit or a 
grid element. On a technical level, this means that system balance always needs to be guarded and 

                                                             

1 Translated from the Dutch. Original quote: "Elektriciteit kan in tegenstelling tot vrijwel alle andere producten 
niet (grootschalig) opgeslagen worden." 
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maintained on the electricity grids. Therefore, supply of electricity (generation) must equal the 
demand (load) at all times. Because the electricity demand varies over time and is not perfectly 
predictable, the supply side should be flexible enough to cope with these fluctuations. Also the 
electricity grids should have enough capacity to bridge the spatial distances between generation and 
load. The resulting needs for electricity distribution capacity also vary over time and place. 

So far, redundancy in grid and generation capacity has been the key to provide the required 
reliability levels. This means that significant amounts of reserve generation and distribution capacity 
are installed which only may be required on a few peak moments, for example in times in which 
unplanned failures of generation or grid elements coincide with peak demands, low availability of 
wind and solar energy or maintenance downtime of other facilities. In Europe on average 50% of the 
installed generation capacity is not producing electricity. (U.S. Department of Energy - Energy 
Information Administration, 2008) 

Strategically charging and discharging electricity storage facilities is increasingly perceived as an 
alternative for redundant generation and grid capacity. Therefore, it can be said that electricity 
storage is an alternative source of “balancing capacity”, which can be defined as a means to balance 
for any moment in time the total generation power and total loads in a specified part of the 
electricity grid. Note, however, that different sources of balancing capacity likely have different 
characteristics (e.g. different response times and ramping characteristics) which make it not always 
straightforward to compare different alternatives. 

Electricity storage as supplier of balancing capacity is getting more attention for several reasons. 
First, battery prices (and prices of other electricity storage technologies) are declining which makes 
electricity storage more cost effective (Deutsche Bank, 2010). Second, increasing amounts of wind 
and solar energy increase the total need for balancing capacity. These intermittent energy sources 
are not dispatchable, which means that their generation output levels cannot be planned freely over 
time. Wind energy, for example, might not be available when it is required and vice versa. Bulk 
electricity storage might cure this. Furthermore, the quality of the models that predict the output of 
wind and solar energy is limited, which means that imbalances on the grid may occur when actual 
electricity outputs deviate from predicted values. Fast responding electricity storage may cure these 
imbalances. Third, a much anticipated break-through of electric vehicles may increase peak loads in 
the case of simultaneous charging of large amounts of electrical vehicle batteries, which also leads to 
a corresponding need for additional balancing capacity. Fourth, there are more funds available to 
invest in innovative technologies for the electricity sector. In the US the electricity sector is an 
important spearhead in the American Recovery and Reinvestment Act (2009, p. 231 / section 1302) 
which mentions electricity storage as one of the subjects for “advanced energy projects” eligible for 
research subsidies. Also the EU considers the electricity storage an important part of their EU 
Strategic Energy Technology Plan (SET-plan) (COM(2007) 723). Fifth, many actors in the electricity 
sector also feel that they should at least consider several different options to invest in innovative 
solutions. Often linked to sustainability debates, the electricity supply system has become subject to 
an increasing interest from politicians, press and concerned citizens. While the authority of the 
engineers that built and operated the electricity system was unquestioned for a long time, they are 
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now challenged to find ways to become more sustainable and cost effective. In varying degrees, this 
responsibility is also felt by the different actors in the electricity regime. The quotes at the beginning 
of this section, however, show that the option to store electricity is still not always known or taken 
seriously. 

 

1.2 Research objective  
This study focuses on the status, trends and future of electricity storage. Several studies have looked 
into the feasibility of various electricity storage technologies in specific countries. (See for example 
Walawalkar et al. (2007) and Ummels et al. (2008)) Other studies have focused on the changes in 
market regulation and governmental policies that are required to make it possible to deploy electric 
power storage in a commercial way. (See for example Kaplan (2009).)  

This study, however, will not be a feasibility study and also will not outline a preferred regulatory 
situation. Instead, this study will look into the current status and recent trends in the field of grid 
connected electricity storage and will explore how it may develop in the future.  Therefore, “the field 
of grid connected electricity storage” is the object of our analysis, which means we will analyze the 
status, developments and future of electricity storage within a wider context that also includes non-
technological factors. Technology does not develop in a vacuum: economical, legal, political and 
other cultural factors may restrain and shape the options to innovate almost to the same degree as 
the “laws of nature”. In contrast with the physical laws, however, these social elements are dynamic 
as well. The technical and non-technical factors can be considered to be part of the same “seamless 
web”. (Hughes, 1986) This is sometimes called the “socio-technical system”, or simply “system”. 
(Geels, 2004).  

 

1.3 Research questions 
This study will answer three research questions.  
 
Research Question 1 

What is the current status of the field of grid connected electricity storage in the Netherlands 
and which current trends can be identified?   

To answer Research Question 1, recent developments in specific electricity storage projects are be 
considered in relation with the dominant, incumbent practices in the electricity system. Also the 
external societal forces that are currently having an effect on the field of grid connected electricity 
storage are mapped. 
 
Research Question 2 

Which developments in the field of grid connected electricity storage can be expected in the 
Netherlands? 
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Research Question 2, will be answered in the form of three scenarios that are based on the results 
found in answering Research Question 1. These scenarios reflect the uncertainties inherently 
connected to predictions about ways in which technology develops or will be applied.  Each scenario 
describes a different possible modus on how electricity storage technology may develop (if so), how 
it may be organized and how existing actors in the electricity field and external trends may influence 
the chances for electricity storage. 
 
Research Question 3 

Which business opportunities in the field of grid connected electricity storage exist for 
KEMA? 2

To answer 

  

Research Question 3, the results found in Research Question 2 are translated to concrete 
recommendations for KEMA for business opportunities and strategy.   
 

1.4 Definitions and scope 
Strictly speaking, it is usually not electricity that is being stored in electricity storage facilities, but 
rather other forms of energy. Electricity is defined as a flow of electric charges. However, to ‘store' 
electricity, the electricity energy is temporarily converted into other forms of energy. Typical forms of 
energy storage, depending on the storage technology, are: chemical energy, gravitational energy, 
kinetic energy and electromagnetic energy. When the electricity is demanded the stored energy is 
converted back into electricity. Some authors, therefore, prefer to use the term "energy storage", 
instead of "electricity storage". In this report, the term "electricity storage" will be used for all 
storage systems that use electricity as both input and output. The main argument to choose for this 
definition is to make clear that other forms of energy storage like thermal storage or the storage of 
fuels (including hydrogen) are outside the scope of this report.  

Furthermore, this report uses the Dutch setting as focal point. Technological knowledge, of course, is 
for a large extent created in internationally operating research communities and companies and also 
in terms of its economy and regulation the Netherlands is not a completely autonomous entity. 
Therefore, other geographical settings will also be considered, but only to the extent in which they 
have an impact on the setting in the Netherlands. In practice this means that references to the 
United States or the European Union will be made. The European Union is considered because it has 
an impact on the setting in the Netherlands in several ways. Regulation and stimulus programs for 
the electricity system often originate from European bodies and also in a physical and economical 
sense the Dutch electricity system becomes increasingly integrated within a European system. For a 
number of reasons, however, the decision has been made to consider the Dutch electricity system as 
the focus of this study, even though 'European' trends will be taken into account to the extent in 
which they affect the Dutch electricity regime. The first reason is that system balance and electricity 
trading schemes are primarily organized at the national level, even though foreign parties are 
welcome to trade at the APX power exchange in Amsterdam and national electricity infrastructures 

                                                             

2 KEMA is a consulting firm that focuses on the energy sector and has sponsored this study. 
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are increasingly tied together by interconnectors. Furthermore, regulation is largely organized 
nationally by the triangle consisting of the national Transmission System Operator (TSO) TenneT, the 
Dutch ministry of Economic Affairs (EZ) and the Office of Energy Regulation (Energiekamer) of the 
Netherlands Competition Authority (NMa). Even though these institutions are to some extent 
bounded by European directives and agreements, the differences between the regulations in various 
European countries are still quite large, which warrant an approach with a primarily national focus. 

Also with respect to the recommendations made to KEMA, this report will focus, but not strictly limit 
itself to the Dutch market.  

 

1.5 Report outline 
In chapter two, the different functions electricity storage can provide in the electricity system are 
detailed. Chapter three will introduce the theoretical framework that will be applied to write 
scenarios and to analyze the status and trends in the field of electricity storage and how these are 
influenced by other trends in society and, more specifically, the electricity sector.  Also theories to 
create various scenarios based on this analysis are introduced. Chapter four explains how the 
analytical framework is applied to answer the research questions and introduces the empirical 
sources that are used. Chapter five covers the external trends that may have an influence on the 
development in electricity storage while chapter six covers the trend and characteristics of the 
electricity system that are relevant for electricity storage. In chapter seven, various electricity storage 
projects are analyzed. Chapter eight provides the conclusions of the analyses and answers research 
question 1. Based on these conclusions, chapter nine provides four scenarios and answers research 
question 2. Chapter ten, finally, will provide recommendations made to KEMA and answers research 
question 3. 
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2 Functions of electricity storage 
 

In the previous chapter, we explained that electricity storage units can be strategically charged and 
discharged to provide “balancing capacity”. In this chapter, this rather broad term will be specified in 
more detail. The specific function electricity storage can provide primarily depends on the technical 
characteristics of the storage unit, the owning or operating party and the location in the grid where 
the storage facility is installed. The potential functions of electricity storage can be grouped in 
different categories:  

- electricity price fluctuation benefits  
- energy balancing 
- grid infrastructure asset productivity 
- generation asset productivity 
- end-user services  

 

2.1 Electricity price fluctuation benefits 
By applying electricity storage technologies, advantage may be taken of electricity price fluctuations.3

Storage owners can make profits by taking advantage of price differences that may exist in different 
PTUs. Note, however, that the profitability of these storage units not only depends on the magnitude 
of these differences, but also their frequency. Storage facilities with high charge and discharge rates 
can benefit from frequent price changes, while storage facilities with high energy rates are required 
to take advantages of long lasting, low frequency price changes like the difference between peak 
prices at day time and the off-peak prices at night time. Many small (residential) end-users, however, 
have no access to these ahead-markets which are only open to professional trading parties. Instead, 

 
With a storage facility, trading parties and energy producers and consumers may buy or generate 
electricity when it is cheap, store it, and use or sell it when the prices are higher. Electricity prices 
may vary every 15 minutes, which is the duration of one Program Time Unit (PTU). To be able to plan 
the electricity generation and to assure a system balance at all times, the trade in electricity that has 
to be delivered in a specific PTU usually starts well before the moment this PTU starts (the execution 
time). This trade is based on estimations of future electricity demand and the production costs. As 
the moment of execution comes closer, the accuracy of the estimations increases and trading 
continues to optimize the economic functions of the electricity system. Depending on the time prior 
to execution, there are different markets to trade electricity: the market in electricity futures, the 
day-ahead market and the intra-day market. These markets can be regarded as balancing 
mechanisms that help to make sure that the electricity fed to the grid equals the load. (In economic 
terms: an equilibrium price is established so that the supply of electricity in a specific PTU equals the 
demand.) 

                                                             

3 Sometimes, this benefit is referred to as "energy arbitrage revenues". 
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they are charged a flat tariff, or, in case they have two meters, two different rates for peak and off-
peak hours.  

 

2.2 Energy balancing 
The ahead markets aim to provide an economical optimization of the electricity supply and demand 
system. This economical optimization, however, is not able to cope with unpredicted real-time 
events. The actual electricity demands, for example, are both volatile and partly unpredictable and 
renewable electricity sources like wind and solar have the same characteristics. Therefore, additional 
balancing mechanisms are required to guarantee stable operation. These balancing mechanisms 
include: 

- power balance regulation (primary, secondary and tertiary control) 
- emergency power  

Storage technology may be able to contribute to a number of these balancing requirements. Table 1 
gives an overview of the balancing mechanisms that are used before and after execution. 

 

Table 1: mechanisms to balance supply and demand of electricity, before and after execution 

 Balancing 
mechanism 

Dominant 
paradigm Typical times Protocol 

be
fo

re
 e

xe
cu

tio
n 

(a
he

ad
 m

ar
ke

ts
) 

futures economic 
optimization 

months / years Endex / bilateral 

day-ahead 
market 

economic 
optimization 

(blocks of) hours APX / bilateral 

intra-day 
market 

economic 
optimization 

(blocks of) 15 minutes APX / bilateral 

af
te

r e
xe

cu
tio

n 

primary control technical system 
stability 

seconds automatically (droop) 

secondary 
control 

technical system 
stability 

minutes  TenneT – net exchange 
curves 

tertiary control economic 
optimization 

(blocks of) 15 minutes bilateral 

emergency 
power 

technical system 
stability 

available in 15 minutes, 
may last 1 hour 

TenneT – contractual 
basis 
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2.2.1 Power balance regulation (frequency control)  
The power balance mechanisms compensate for unpredicted fluctuations in the supply and demand 
for electricity. These deviations from the predicted values occur because the electricity demand as 
well as the output of intermittent energy sources (like wind and solar energy) is stochastic in nature. 
In contrast with the ahead markets, the power balance regulation mechanisms operate after 
execution. The power balance regulation consists of a primary, a secondary and a tertiary regulation 
mechanism.  

The primary control mechanism acts Europe-wide. In the Netherlands, contributing to the primary 
control is obligatory for all larger energy producing units. Actual unbalance on the grid always results 
in frequency deviations, which can easily be detected. Based on local frequency measurements, 
within 30 seconds all participating units automatically and autonomously increase or decrease their 
output by up to 1 percent to restore system balance. There is no financial compensation. Therefore, 
there is no economical incentive for independent private storage owners to participate in the 
primary control.  

After the primary control mechanism restored the balance in the European grid, the secondary 
control mechanism aims to restore the balance in the specific control area (often a country) where 
the imbalance occurred. In the Netherlands, the secondary control is organized by TenneT, the 
national Transmission System Operator (TSO). A day before execution, electricity producers (typically 
owning several power plants) submit a net exchange curve ("biedladder") to TenneT, indicating for 
every PTU at which price levels they are willing and able to increase or decrease their total 
production and to which extent. The secondary control is based on this net exchange curve. TenneT 
initiates the secondary control by giving orders to the producers to adapt their output levels, starting 
with the ones quoted for the lowest tariffs. However, all producers called to adapt their output levels 
as part of the secondary control will receive the equilibrium price. Units called to participate under 
the secondary control mechanism should respond within 30 seconds and their power increase or 
decrease rate should be at least 7% of the total increment per minute. The minimal capacity is 5 MW. 
The option to make modifications to the net exchange curve up to one hour before execution has 
been revoked per March 2011. (TenneT, 2011a) For storage owners, participating in the secondary 
control is not straightforward since the secondary control is designed to operate with production 
units. A major barrier is that availability of capacity has to be offered for specific PTUs while for 
batteries the availability depends on historic use, because of capacity limitations. The option to adapt 
the net exchange curves on an hourly basis used to give some flexibility, but this is no longer allowed. 
Since often both additional power and additional load are required within the same PTU, the storage 
unit could be alternating between charging and discharging on an hourly basis. To participate in the 
secondary regulation an energy storage system therefore would be required to have a minimum 
capacity of 5 MW and 5 MWh. 

The tertiary control covers the replacement by bilateral contracts of the output adaptations that 
resulted from the secondary control. Because the net exchange curves of the secondary control were 
created prior to execution and supply and demand variables may have deviated from the initially 
predicted values, they may not be completely economically efficient in the moments after execution. 
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The tertiary control therefore is based on the improvement of the economic efficiency. The tertiary 
control may be used to (partially) recharge or discharge the storage system to bring it back to its 
preferred state. This preferred state depends on the amount of positive and/or negative capacity the 
storage system is scheduled to have available in the next PTUs. 

2.2.2 Emergency power 
While the power balance listed above works with spinning reserves, emergency power usually is 
provided by flexible loads that can be disconnected to restore system balance. On a voluntary basis, 
emergency power may be contracted with TenneT, who may use it in times of significant failures. The 
contracted emergency power should minimally be 20 to 25 MW but it is allowed that an aggregator 
offers a pool of smaller subcontracted flexible loads with a total capacity of over 20 MW. Emergency 
power should be available within 15 minutes and for a period of minimal 1 hour. (TenneT, 2011b) For 
storage owners, emergency power does not seem a very attractive market to operate in. In 2010, 
emergency power was only required on 12 days. (TenneT, 2011c) Since emergency power is only paid 
for when it is actually required, this means that the options to earn money with electricity storage 
units in supplying emergency power are fairly limited. 

 

2.3 Grid infrastructure asset productivity 
The trading schemes and the balancing mechanisms discussed in the previous paragraphs do not 
consider the physical limitations of the grid infrastructure. Storage technology can also be applied to 
relax these infrastructure constraints and to use the existing grids more efficiently.  

2.3.1 Congestion management  
Congestion occurs when the expected power flows exceed the transportation capacity of electricity 
grid elements connecting the 'congested area'. This may, for example, happen when in a certain area 
the electricity demand or generation capacity rises faster than expected or when building 
infrastructure upgrades takes more time than was anticipated. 

In congested areas, therefore, measures need to be taken to curtail the power flows to safe levels. 
This is done by the congestion management system which prevents physical congestion in specific 
parts of the transmission grids. Because the ahead-markets do not take into account the location of 
power feed-ins and extraction, significant power flows may occur from areas where power can be 
generated in a very cost effective way to areas where generation is relatively more expensive. 
TenneT, therefore, runs a check on all planned feed-ins and extractions to see if this would lead to 
congestion. For every hour, this check is done a day before execution, which means there is time to 
adapt the scheduled electricity transport programs to avoid overloads. 
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Congestion can happen in two forms: 

(D is the expected demand in a specific area, G is the planned generation in this area and T is the 
transport capacity that connects this area to the non-congested part of the grid.)  

1. D > G + T  - too little generation capacity in the congested area, therefore demand is 
reduced 

2. G > D + T -  too much generation in the congested area, therefore generation is shifted 

In case 1, the required changes are realized by TenneT by contracting flexible loads or storage units 
in the congested areas to reduce peak demands. To maintain the balance, a number of power 
suppliers outside the congested areas will be allowed to reduce their originally planned feed-in. 
These suppliers are selected based on previously submitted net exchange curves. Note that suppliers 
will typically pay TenneT to be allowed to reduce their feed-ins. (They are willing to do so because it 
saves fuel costs without having an effect on other incomes.) The net costs of the congestion 
management (made by TenneT) are socialized. In case 2, the mechanism is basically the same. In this 
case, planned generation inside the congested area will be substituted by additional generation or 
flexible loads outside the congested area.  

Since congestion typically only occurs on a limited number of hours per day, storage facilities may 
play a role to mitigate congestion by time-shifting generation or load. By doing so, electricity storage 
can provide congestion management for network operators.  

2.3.2 Investment deferral 
As a result of rising or geographically shifting electricity demands, transmission and distribution grid 
capacities need to be upgraded periodically to prevent or limit congestion. Because of the durable 
and inflexible nature of these grids, network investments typically have time horizons of multiple 
decades and are made in large increments. This means that in the first years after a network upgrade 
the utilization rate of the additionally installed capacity will be relatively low. Therefore, transmission 
and distribution costs per transported MWh are relatively high. Because storage technology can 
reduce congestion by reducing peak transports, storage technology can be a temporary substitute for 
transmission and distribution grid upgrades. Besides the benefits associated with a higher utilization 
grade, the ability to defer infrastructure investments also represents an economic value because of 
the depreciating time value of money.  

Because of the often temporary nature of this application, storage technologies that are mobile or 
have a limited life time will be the most suitable.  

2.3.3 Power Quality (voltage control) 
TenneT as well as the Distribution System Operators (DSOs) have to keep the voltage characteristics 
in their grids between accepted levels. The voltage control woks largely analog to the frequency 
control, but uses reactive, instead of real power. Both the level of the voltage and the sinusoidal 
shape of the voltage have to be guarded to provide for optimal power transmission. Storage systems 
can improve the power quality. A report of the American research institute NYSERDIA details which 
properties storage technologies need to have to take part in the voltage control. 
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"Required capabilities for transmission support include: 1) very reliable operation, 2) high 
performance when storage is partially discharged, 3) sub-second response, and 4) ability to 
accommodate many charge-discharge cycles. For storage to be most beneficial for 
transmission support, it should provide real and reactive power. Typical discharge durations for 
this application range from a few seconds to twenty seconds."  (Eyer & Brown, 2007) 

 

2.4 Generation asset productivity 
Storage technologies can also improve the productivity of generation assets. Power plants connected 
to the electricity grid do not run at full power all the time. In fact, most power plants idle or run at 
less than full power a significant part of the time. Running at less than full power often means that 
the plant runs at a sub-optimal efficiency. Furthermore, this implies that the capital costs per MW 
are higher. Storage technology may be applied in different ways to improve generation asset 
productivity. 

2.4.1 Peak shaving / load shifting 
A major reason behind the low utilization rate of power plants is the fluctuation of the electricity 
demand. The installed generation capacity has to match peak demands while the actual demand is 
most of the time below this peak level. In times of low demand, electricity storage capacity may 
function as additional load which enables base load generation capacity to run at a higher power. In 
times of high demand, generation capacity functions as additional generation capacity, thereby 
reducing the need of peak load generation capacity. Figure 1 shows how peak shaving and load 
shifting can level generation output over the course of the day. 

 

Figure 1: load leveling and peak shaving - source: (Prudent Energy, 2011) 

 

2.4.2 Connecting renewables (dedicated storage) 
Wind, solar and hydro power resources are intermittent: their output is variable over time and 
sometimes hard to predict. For wind power, this means that the average power output is much less 



  

 

12 
 

than the maximal power output which occurs only at ideal wind-force. To transport all wind power, 
the grid connection of a wind farm needs to be based on the maximal output, rather than on the 
average output. By peak-shaving with dedicated storage, installed at the site of the wind farm, the 
connection capacity can be reduced. The connection costs form a significant part of the total project 
costs. Therefore, depending on the price, a dedicated storage system may reduce the project costs of 
new renewable generation facilities. Furthermore, electricity storage can prevent wind curtailment. 
At moments of sudden peak-supply of wind power, there may be not enough electricity demand 
which may lead to wind curtailment. This means that wind energy is ‘thrown away’, for example by 
rotating wind mills to make their angle with the wind less efficient. Furthermore, conventional plants 
may not be able to lower their outputs quickly enough to allow substitution by wind power, which 
also leads to wind curtailment. 

2.4.3 Reducing reserve capacity requirements 
As mentioned in section 2.2. it is obligatory for all larger power plants to maintain a spinning reserve 
to participate in the primary frequency control. Because this part of the generation capacity cannot 
be utilized economically, this is a burden for the efficiency of the generating units. If the obligation to 
participate in the primary control is transferred to a storage facility (installed at the site of the 
generating unit), this means that the generating unit can be operated more economically efficient.  

 

2.5 End-user services 
End-users can also take the stability and safety of their electricity supply into their own hands by 
using storage technology. Outages typically last only a short period of time which can be bridged by 
electricity storage systems installed at the end-user. Especially for end-users for which the security of 
supply is essential (like hospitals and data server centers) electricity storage units that can provide an 
Uninterrupted Power Supply (UPS) may be desired. Furthermore, UPS systems can shield sensible 
loads from moments in which the power quality4

  

 is not good enough. 

                                                             

4 A bad power quality may include: distortions in frequency and voltage levels and the existence of harmonics 
or flicker. 
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3 Theoretical framework 
 

To address the research questions a number of approaches as developed by Innovation Science 
scholars5

 

 can be applied. In this chapter the relevant literature is introduced. Furthermore, to 
contribute to Innovation Sciences as an academic discipline, a new hypothesis will be presented 
called “Co-development of Niches”.  

3.1 The multi-level perspective: niche, regime and landscape 
Grid connected electricity storage can be regarded as part of the electricity system. Within the 
electricity system, electricity storage often has a “niche” position: it is not a main-stream application 
but operates in protected areas within the electricity system. Schot, Slob and Hoogma (1996) 
consider that niches can develop through three internal niche dynamics:  

(1) A process of voicing and shaping of expectations 
(2) A process of building a conductive network 
(3) A learning process 

These three dynamics can be mutually reinforcing. Based on expectations and promises for the 
future, actors can be motivated to support the niche. Based on the activities of these actors, practical 
and theoretical knowledge about the niche technology and its embedding is generated. This 
knowledge and experience, in turn, can be used to support the initial expectations and to attract 
more support. The interactions between these three dynamics, therefore, shape the construction 
and the development of the niche. 

The analytical concept “niche”, which refers to the totality of a new technology and the protected 
environment in which it operates, can be contrasted with what Innovation Science scholars have 
defined as the “(socio-technical) regime”. The regime contains the dominant incumbent practices: 
the established technologies but also the accepted legal, financial, socio-cultural, and other schemes. 
Jointly, these elements provide a societal function. The societal function of the electricity regime, for 
example, is the availability of electricity for the end-users. Regimes can be analyzed in three 
analytical dimensions: actors, systems and rules (Geels, 2004). The actors-dimension encompasses 
the people who are active in the regime and the way they are organized and grouped. The system-
dimension adds technical systems (e.g. artifacts, infrastructures and software). The rules-dimension 
consists of the written (formal) and unwritten (cognitive and normative) rules that apply in the 
regime.  

If the electricity storage niche develops, it may eventually become part of the electricity regime. To 
analyze the development of the electricity storage niche, however, it is not sufficient to merely look 
                                                             

5 Sometimes these scholars are referred to as Science, Technology and Society (STS) scholars 
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at the interaction between the niche and the electricity storage regime. Also factors external to both 
the electricity regime and the electricity-storage niche may have an impact. These external factors 
can be called the “socio-technical landscape” which consists of the large trends in society. The term 
"socio-technical landscape" is coined by Rip and Kemp (1998) and elaborated on by Geels (2002, p. 
1260) who states that the socio-technical landscape consists of: "a set of deep structural trends" and 
"containing a set of heterogeneous factors, such as oil prices, economic growth, wars, emigration, 
broad political coalitions, cultural and normative values, environmental problems. The landscape is an 
external structure or context for interactions of actors."  

The niche, regime and the landscape level can be considered as a nested hierarchy, which is 
displayed in Figure 2. The analytical framework that uses these three dimensions is called the “multi-
level perspective” (MLP). (Geels, 2002) (Rip & Kemp, 1998) The MLP aims to give an insight in the 
interaction between existing structures and new technologies and applications and will be the 
primary analytical tool used in this report. 

 

 

Figure 2: the multi level perspective, multiple levels as a nested hierarchy - Source: (Geels, 2002, p. 1261)  

 

3.2 Introducing the hypothesis of “Co-development of Niches” 
Building and expanding on the MLP-framework, this study, furthermore, introduces the hypothesis of 
Co-development of Niches (CoN). Traditionally, the multi level perspective is applied to analyze the 
interactions between one specific niche, the regime in which it operates and external landscape 
trends. The electricity storage niche, however, appears to be largely intertwined with other niches 
within the electricity regime like smartgrids, demand side management, electric automobiles and, to 
some extent, wind energy. Therefore, analyzing electricity storage without considering these other 
niches would omit many essential dynamics. This is in line with additional attention on interaction 
between niches in Hofman and Elzen (2010). 
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Hypothesis 

Different niches within a specific regime will co-develop if the functions provided by the niches 
supplement, facilitate or overlap each other: their internal niche dynamics are intertwined and 
their chances to mature are interdependent. 

 
Co-development of niches may occur in different forms including: symbiosis between niches, direct 
competition and one-sided dependence. To test the hypotheses, we will look for interactions 
between the niche dynamics of the storage niche with the niche dynamics of other niches in the 
electricity regime.  Indicators of co-development of niches, therefore, are:  

- References  to other niches in voicing and shaping expectations 
- Increasing overlap in actor networks involved in the different niches. (Or increasing 

distancing in the case of competition between niches.) 
- Increasing coordination and adaptation between learning cycles of different niches. (Or 

purposeful obstruction in the case of competition between niches.) 
 

3.3 Scenarios 
The MLP framework can also be applied to assess “what can be expected” in the field of electricity 
storage. In economics and the sciences, predictions are typically based on a statistic extrapolation of 
quantifiable trends. By using the MLP-framework, however, we acknowledge the significance of non-
numerical factors like legislation, culture and politics. As a consequence, the options to apply 
statistics are limited. 

An alternative way to develop sensible expectations for the future are scenarios. Rather than a 
(linear) extrapolation of historical trends, scenarios sketch different “future worlds” and may include 
radical changes. Based on these scenarios, policies and strategies can be developed that are robust 
under various scenarios.  

In our analysis, the scenarios will be based on the MLP framework. Electricity storage niches may in 
various ways mature and develop over time, or they may stay niche applications. Similarly, regime 
level transitions may occur in various ways, or not at all. Within the MLP framework, Geels and Schot 
(2007) introduced a number of variables that shape the ways in which a regime transition (if any) can 
occur. These variables include: 

1. Landscape pressure: to what extent does the landscape exert a pressure on the regime to 
change? 

2. Timing of the niche: are niches available that are able to provide a serious alternative to the 
way the regime is operating? 

3. Nature of the interaction between niche and regime: is there a competition between niche 
and regime or can niches be seen as an add-on to the regime (symbiosis)? 

Based on the different possible answers on the questions above, Geels and Schot (2007) defined 
different modes for regime transitions. They sketched four possible transition pathways as well as a 
'zero proposition' (P0) of no transition (in case the incumbent socio-technical regime is stable) and a 
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fifth proposition that entails a sequence of transition paths. Table 2 shows these different transition 
paths and how they relate with the three variables mentioned above. 

 

Table 2: Influence of niche and landscape on transition pathways, based on Geels & Schot (2007) 

 Transition 
Pathway 

Mechanism Landscape 
pressure 

Timing of the 
niche 

Nature of 
niche/regime 
interaction 

P0 Reproductive 
process 

No transition occurs: the 
socio-technical regime is 
stable 

none no opportunity 
for the niche 

incumbent regime 
structures prevent 
that niches can 
develop 

P1 Transformation 
pathway 

The regime actors 
reorientate and modify 
the regime 

modest only symbiotic niches have a chance to 
develop and become part of the regime 

P2 De-alignment 
and re-alignment 
pathway 

The regime disintegrates, 
eventually a new regime 
will form 

fierce initially, no niches or only niches in a 
very early stage of development are 
available 

P3 Technological 
substitution 

The niche takes advantage 
of a window of 
opportunity to push away 
the regime 

fierce niche available competitive 

P4 Reconfiguration 
pathway 

The niche merges with the 
regime through symbiosis 

fierce niche available symbiotic 

P5 Sequence of 
transition 
pathways 

Gradually increasing 
landscape pressure leads 
to a sequence of transition 
pathways 

gradually 
increasing 

first transformation (P1) then de-
alignment and re-alignment (P2), 
technological substitution (P3) or 
reconfiguration pathway (P4), depending 
on the availability of the niche 

 

Uncertainties in landscape effects, niche development and the level of cooperation between niche 
and regime will result in a number of possible scenarios based on the corresponding transition 
pathways. Hofman and Elzen (2010) introduced four characteristics each of these transition scenarios 
should have.  

1. It should be aware of interactions between technological and societal change 
2. It should have a focus on the development patterns of the relevant niches 
3. It should pay attention to the interaction between niches 
4. It should address market take-up 
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3.4 Integrated framework 
In this chapter we introduced a number of theories to analyze niche/regime/landscape interactions, 
to develop scenarios and to actively influence the development of a niche. The conceptualizations 
introduced in the previous sections do not compete but can and will be applied jointly. For this study, 
therefore, the different conceptualizations are combined in an integrated framework. This 
framework is shown in Figure 3.  

 

 

In the analysis first the relevant landscape trends and their effects on the electricity regime will be 
described. Then, the regime will be analyzed in terms of the actors, systems and rules. The electricity 
storage niches will be analyzed in terms of the internal niche dynamics “voicing and shaping 
expectations”, “network building” and “learning”. Furthermore, the extent to which co-development 
between the electricity niche and other niches in the electricity regime occurs will be analyzed.  
Applying the typology of transition pathways results in a number of possible transition paths, which 
will be reflected in an equal amount of scenarios. 

  

- Voicing and shaping expectations 
- Network Building 
- Learning 
 

MLP 

Landscape 

Regime 

Niche 

 CoN 

- Actors 
- Systems 
- Rules 

P0 

Scenarios 

P1 

P2 

P3 

P4 

P5 

Figure 3: Co-development of Niches (CoN) and Scenario analysis integrated within the Multi Level Perspective (MLP) 
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4 Methodology  
 

4.1 Analyzing status and trends 

4.1.1 Interviews 
The primary sources for the MLP-analysis are stakeholder interviews. In total, 16 interviews have 
been conducted. The interviewees either represent companies and institutions that are part of the 
electricity storage niches, or they represent key-actors in the electricity regime who, in various 
degrees, also may be involved with electricity storage. 

The niche actors have been selected based on their current or recent participation in research or 
demonstration projects on grid connected electricity storage. The regime actors have been selected 
based on the traditional electricity production chain and its regulation. Because of the large number 
of companies and institutions active in the electricity regime, a selection was made on the following 
criteria: 

- Diversity. The selection of interviewee aims to cover all sections of the traditional electricity 
chain: generation, distribution, trade, consumption and regulation. 

- Convenience. To arrange the interviews, existing contacts of KEMA have been consulted in 
several occasions. 

Note, furthermore, that many of the interviewed regime actors also were involved in electricity 
storage niches. 

The individuals within the selected companies and institutions that have been interviewed all can be 
considered opinion leaders or decision makers with respect to their institutions strategy on 
electricity storage. All interviewees were either Innovation manager, took part in the taskforce on 
electricity storage organized by the ministry of economic affairs, or were first representative of the 
institution with respect to electricity storage. 

The interviews are applied in a qualitative way only: no statistical analysis has been conducted on 
variations in responses of the various interviewees. A statistical analysis based on the interview 
results is impossible for two reasons. Firstly, the number of interviews is insufficient to be applicable 
for a statistical analysis. Secondly, the interviewees do not form a homogenous group because the 
interviewees represent a wide variety of actors with many different roles. 

An overview of the interviewees is shown in Table 3.  Note that, for legal or other reasons, the 
interview reports with numbers 4, 6, 9 and 14 could not be affirmed by the respective interviewee or 
their institutions. Therefore, these interview reports have been included anonymously. The full 
reports of the interviews can be consulted in Appendix A. 
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Table 3: list of interviewees 
# Name Association Association type Date 
1. Erik van Engelen Essent Energy company Jan 7, 2010 
2. Gijs Postma Eneco  Energy company Jan 19, 2010 
3. Jan Maas  DELTA Energy company Jan 15, 2010 
4. [Interviewee 4] Alliander DSO Jan 8, 2010 
5. Jos Blom Alliander DSO Feb 4, 2010 
6. [Interviewee 6] TenneT  TSO March 22, 2010 
7. Imar Doornbos Min EZ Government Jan 25, 2010 
8. Olivier Ongkiehong   Agentschap NL  Government Jan 28, 2010 
9. [Interviewee 9]  NMa-energiekamer Government March 25, 2010 
10. Frans Thoolen  CCM Industry Jan 15, 2010 
11. Evert Raaijen  EXENDIS  Industry Jan 6, 2010 
12. Erik te Brake  VEMW End-users Jan 29, 2010 
13. Paul Boonekamp  APX-Endex Energy exchange Feb 2, 2010 
14. [Interviewee 14] TU/e Academia April 8, 2010 
15. [Interviewee 15] KEMA Consulting Nov 24, 2009 
16. Petra de Boer KEMA Consulting Jan 18, 2010 

4.1.2 Landscape 
To analyze and describe the “landscape effects”, the interviewees were inquired on how they 
perceive the influences of external macro developments that may have an effect on the 
development of electricity storage. Furthermore statistical data and existing literature on the effects 
of macro trends on the electricity regime is consulted. Finally, the “European Workshop on Energy 
Storage” has been attended to on November 27, 2009 to get an insight in which ‘European trends’ 
may be favorable or unfavorable for the development of grid connected electricity storage. Various 
trends that are the relevant for the development of electricity storage are discussed separately. 

4.1.3 Regime 
To analyze and describe the electricity regime, the interviewees provided factual information about 
how the electricity regime is organized as well as insights in the unwritten rules. Other types of 
sources that have been used are: laws, technical codes, statistical data, websites of various actors, 
corporate and scientific publications and public correspondence between actors. Together, these 
sources allowed for an analysis of the dominant actors, systems and rules in the regime. 

4.1.4 Niche  
To analyze and describe the electricity storage niches, the interviewees are inquired on the three 
niche dynamics as described in chapter 3.1 (voicing and shaping expectations, network building and 
learning). Additional information on these three points is obtained from technological fact sheets 
about electricity storage systems, economical feasibility studies, corporate publications, websites, 
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legislation and policy documents. Adjacent niches in the electricity regime are studied to see if they 
co-develop (i.e. mutually influence each other). 

 

4.2 Scenarios 
To write the scenarios, Table 2 will be used to distinguish between different possible transition 
pathways. Conclusions concerning the landscape pressure, the timing of the niche and the nature of 
interaction between regime and niche will rule out certain transition pathways, and leave the other 
pathways as possible modes of transition. Each possible transition pathway (including P0, which 
implies no transition will occur) will be reflected in a separate scenario. The scenarios are written in 
the form of a consistent narrative that addresses the four issues provided by Hofman and Elzen 
(2010), which are listed in section 3.3. 

 

4.3 KEMA 
The Scenarios will serve as an input to provide recommendations to KEMA. Furthermore, an expert 
meeting with KEMA-staff from different departments is organized to discuss the implications and 
chances of the scenarios for the different business practices of KEMA. The internal niche dynamics 
from the SNM framework will be applied to provide strategy options for KEMA on how to foster 
desired regime developments by advancing niches. 
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5 The socio-technical landscape 
 

There are various external trends that have an effect on the electricity regime and (indirectly) on 
electricity storage. Together these long term trends form the socio-technical landscape. Based on the 
interviews and publications by various actors in the electricity sector6

- Resistance against dependence on fossil fuels 

, three prominent underlying 
trends can be identified: 

- Increasing end-user involvement and issues with social acceptance 
- The construction of a European common market 

 

5.1 Resistance against dependence on fossil fuels 
For ecological, climatological, economical, and political reasons there is an increasing resistance 
against the dependence on fossil fuels. In recent years the prices of fossil fuels has increased greatly, 
as is shown in Figure 4. While the global economic recession of 2008 resulted in a severe reduction of 
the prices of energy commodities, the trend is clearly upwards. This is primarily the result of a strong 
economic growth in Asia. 

 
Figure 4: price developments of energy commodities, based on IMF primary commodity prices. (IMF, 2011) 
 

Other unattractive characteristics of fossil fuels are their negative ecological and climatological 
consequences. The combustion of fossil fuels is the primary cause of global warming and climate 
change. Furthermore, the mining industry is a heavy burden for the health of the mine workers and 

                                                             

6 See for example: [Interviewee 4], (COM(2007) 723, 2007), (TenneT, 2011d). 
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the local ecology. While the availability of fossil sources is also finite and hence unsustainable, this 
argument lost strength when new drilling and processing technologies made available new fossil fuel 
sources like shale gas, oil shales and, to a lesser extent, extra heavy oil . 

Finally, the geopolitical characteristics of fossil fuels make them increasingly unattractive. The 
Western world (especially Europe) depends for a very large extent on imports of energy 
commodities. Especially the local gas and oil production in Europe are negligible compared to 
consumption. This dependency is geopolitical unattractive, especially since the number of energy 
resource exporting countries is limited and many of them are dictatorships (e.g. Saudi-Arabia) or 
have an unfavorable attitude towards the West (e.g. Venezuela). 

 

5.2 End-user involvement and social acceptance 
The decentralized nature of many sustainable electricity sources also connects with a possible trend 
of more end-user involvement. After the engineers and politicians, end-users may become more 
directly and actively involved in the electricity system. Initially, the operation of regional electricity 
systems has been the domain of engineers and entrepreneurs. Lagendijk (2008) and Schot (2010) 
discuss the historical “explicit strategy of engineers to “technify” discussions on European integration 
[of, for example, electricity grids] in order to reduce the influence of political and non-experts actors 
as much as possible” (Lagendijk, 2008, p. 20)  

Currently, experts in the energy regime lost some of their status and are no longer unquestioned in 
their decisions. This fits with trends in the medical and educational sectors where patients and 
parents no longer simply rely on experts but are opinionated and increasingly informed, because 
more knowledge has become publicly available on the internet. With respect to local electricity 
generation, some end-users claim their spot in the debate and are installing DG-facilities. Examples 
are wind-energy cooperatives (De Windvogel, 2011) and recent organizations that advocate local 
(sustainable) energy generation (e.g. (e-Decentraal, 2011), (RElocal, 2011)).  

On the other end of the spectrum, civil society also protests wind farms, for example in the 
municipality of Urk (Urk Briest, 2011), (NKPW, 2011). Furthermore, the influence on the energy 
regime of more vocal end-users could, for example, be observed in the city of Barendrecht, where 
citizens successfully prevented the opening of an underground CO2-storage site. Social acceptance, 
therefore, has proven to be a crucial factor. So far, end-user involvement in the electricity regime has 
a primarily conservative nature: new initiatives are more often and more successfully rejected than 
supported by civil organizations.  

 

5.3 The construction of a European common market 
Not only End-users, but also European politicians are increasingly involved in areas that previously 
were primarily addressed on a national scale. Establishing a common European market has been a 
primary goal of the EU and its precursors since their founding. Lagendijk (2008, p. 206), however, 
points out that: “Only after 1985 with the signing of the Single European Act (SEA) did the EC become 
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an actor in the electricity sector. By means of the SEA the EC began to pursue a policy of completing 
the Common Market by 1992, also for energy”.  This initiated a process of gradual physical, 
organizational, legal and economical integration of several national electricity systems.   
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6 The socio-technical electricity regime  
 

The electricity regime in the Netherlands is analyzed in terms of its systems, actors and rules. 

 

6.1 Actors 
A large number of actors are active in the electricity regime, or have an influence on it. The most 
important actors and actor categories are represented in Figure 5. Note that the some of the 
mentioned actors may also be active in niches or embody landscape trends. 

 

 

In the inner circle, we find the actors that are involved in the day-to-day functioning of the 
electricity regime: 

- Energy companies - production, retail, wholesale of electricity 
- End-users - commercial and residential users of electricity  

Figure 5: Actors influencing the electricity regime in the Netherlands. The grey area contains the actors involved with 
regulation. 
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- APX / financials - facilitate electricity trading for energy companies and large industrial end-
users 

- DSOs - maintain LV and MV grids and system balance 
- TenneT - maintain HV grids and system balance; administers primary and secondary control. 

In the circle in the middle, we find actors that are not directly involved in day-to-day operation. 
Rather, they are involved with implementing (incremental) improvements and coordination. This 
group includes joint trade organizations and branch representatives, but also external advisory 
institutions and market regulators: 

- Netbeheer Nederland – umbrella organization that represents the Dutch DSOs and TenneT 
- EnergieNed - joint trade organization of energy companies in the Netherlands 
- VEMW / Consumentenbond - advises and represents professional and private energy 

consumers in the Netherlands 
- VOEG - Free trade organization for electricity and gas 
- ENTSO-E - a platform of 41 TSOs from 34 European countries which was founded in 2009 

when previous TSO organizations (UCTE, NORDEL, UKTSOA, ATSOI and ETSO) merged. 
- CASC-EU (Capacity Allocation Service Company Europe) - European electricity trading 

platform, established by TSOs in 2007 
- Consulting - primarily ECN, TNO and KEMA 
- Energiekamer NMa - Netherlands Competition Authority (NMa) Office of Energy Regulation 
- EDSN / NEDU - National cooperation platforms between TenneT, DSOs and Energy 

companies to harmonize and improve energy data transmission protocols. 

In the outer circle we find actors that influence the electricity regime in a more indirect, yet often 
decisive, ways. They set boundary conditions, develop long term visions and alternative schemes, 
both on national and on European scale. The most prominent actors (categories) in this group are: 

- EU and national governments - legislation based on political goals may alter the electricity 
regime 

- EU research - Innovation subsidies through European Framework Programs (FP) and 
coordination through European Technology Platforms (ETP)  

- Universities - develop new economic, legal and technological concepts 
- Agentschap NL - an executive agency of the Netherlands ministry of Economic Affairs, 

involved with (subsidy programs on) sustainability, innovation, and international business 
and cooperation 

- Dutch Energy council - an independent advisory body that advises the Dutch government and 
parliament on energy policy. 

- Clingendael - knowledge institute for international relations, with international cooperation 
in the energy sector as one of its focus areas 

- Dutch Sustainable Electricity Platform - an assembly of Dutch scientist in the field of 
sustainable energy that aims to coordinate research and to inform press, politics and 
business about the latest academic insights 

- Environmentalist - interest groups that support sustainable energy 
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- European bodies of Energy regulators - CEER (Council of European Energy Regulators) / 
ERGEG (European Regulators’ Group for Electricity and Gas) / ACER (Agency for the 
Cooperation of Energy Regulators (ACER) 
  

6.2 Systems 
The electricity regime, of course, is fully dependent on good functioning technical systems. Especially 
the transportation and distribution infrastructure in the electricity regime is radically different than 
logistical infrastructures in other regimes. The electricity grid in the Netherlands is linked to the grids 
in other European countries through interconnectors. The interconnected area formed this way is 
the blue area shown in Figure 6. The interconnected grid is operated by the TSOs that make up this 
grid. Typically, TSOs operate on a national basis: every country has its own TSO that operates its HV 
grids. Exceptions are the UK, Germany and Austria, where multiple TSOs are active. Another 
noteworthy exception is the German TSO TenneT GmbH which is a subsidiary of the Dutch TSO 
TenneT B.V.  

 

Figure 6: Organization of the European electricity grids. Source: Forschungsstelle für Energiewirtschaft (2011) 
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Recently, the interconnector capacity between the Netherlands and neighboring countries has been 
expanding quickly. Interviewee 6 [TenneT] mentions NorNed (to Norway), BritNed (to UK), the 
COBRA-Cable (to Denmark) and the Doetinchem-Wesel (to Germany) which are all interconnector 
projects that are being studied, are under construction or have been completed in recent years.  

This is in line with the organizational integration occurring through the recent establishment of 
several European bodies that are involved with linking different national electricity systems (e.g. 
ENTSO-E (in 2009), CASC-EU (in 2007) and ACER (in 2011)).  

The blue area in Figure 6 is connected synchronously. Within the synchronous area, the frequency in 
all grid elements is the same: the AC-oscillations are shared like a common heartbeat. Therefore, 
deviations from the nominal system frequency (which is 50 Hz in Europe) also manifest themselves 
system wide. Primary, secondary and tertiary control mechanisms are applied to restore the nominal 
frequency (also see chapter 2.2.). Frequency deviations are directly linked with the imbalance 
between total generation and load (i.e. electricity demand). If the total electricity generation is 
smaller than the total load the frequency will fall. If the total electricity generation is larger than the 
total load the frequency will rise.  

Imbalance between generation and load can occur for three reasons: 

1. Failures in generation or distribution capacity or loss of significant loads. For example: a 
power plant unexpectedly has to reduce its power output as result of a technical problem. 

2. Stochastic variables on supply and demand side.  Most end-users are largely free to 
determine when and how much electricity they use. This is an uncoordinated and hence 
stochastic process. On the supply side, intermittent energy sources like wind and solar power 
also have stochastic characteristics. Figure 7 and Figure 8 show how wind and solar power 
have been growing significantly in recent years. 

3. Deviations between momentary supply and demand inherent to the trading system. 
Electricity is typically traded in Program Time Units (PTUs) of 15 minutes or 1 hour. For each 
of these blocks the trade agreements list the locations and energy quantities of feed-ins and 
loads. These contracts, however, do not bind the electricity producers to distribute the 
contracted energy evenly over the duration of the PTU. They could, for example, generate 
above average power in the first half of the PTU, and under average power in the second 
half. Since these deviations are not administered this leads to additional imbalances. Because 
of ramping characteristics of generators and varying economic incentives, additional short-
term imbalances between electricity supply and demand arise, especially at the beginning 
and end of each PTU. See for example Weissbach & Welfonder (2009). 
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Figure 7: Cumulative PV power generation installed in Europe – source: (E-PRICE, 2010, p. 9) 

 

 

Figure 8: Cumulative wind power generation installed in Europe - source: (E-PRICE, 2010, p. 9) 
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6.3 Rules 
The rules that shape the electricity regime can be subdivided in regulative, normative and cognitive 
rules. (Raven, 2005)  

6.3.1 Regulative rules 
The regulative rules consist of formal legislation. The regulatory framework in the electricity regime 
has several aims:  

- To make the energy regime operate economically efficient 
- To ensure reliability of the electricity supply 
- To improve innovation and sustainability 

Economic efficiency 
To boost economical efficiency, EU directive 2003/54/EC (articles 10 & 15) directed that member 
states have to adopt legislation to allow full competition in the electricity market. This means that 
TSOs and DSOs should act non-discriminatory towards all energy companies. In the Netherlands the 
EU directive resulted in amendments to the energy law (Electriciteitswet 1998, art. 10) that 
command full ownership unbundling of grid operators (DSOs or TSOs) and energy companies. 
Furthermore, the electricity markets were liberalized per July 2004. In June 2010, a court ruling 
(Gerechtshof 's-Gravenhage, 2010 ) overturned the unbundling law because it was considered to be 
conflicting with European laws (the Treaty of Maastricht). The state of the Netherlands, however, 
appealed to the supreme court (Hoge Raad), the judgment is still under discussion. (Energie en 
water.net, 2011)  

Because TSOs and DSOs are monopolists in their respective areas, there are no natural (competition 
based) market powers that provide incentives to improve their efficiency and restrain the fees they 
can ask for their network services. Therefore, the competition authority in The Netherlands (NMa-
Energiekamer) organized a benchmark competition system. In this system, the NMa determines the 
network fees the TSOs and DSOs can charge based on how well they perform in comparison with 
other TSOs and DSOs. Both the quality of their services (e.g. few blackouts) and the cost-
effectiveness are taken into account [Interviewee 9, NMa-Energiekamer]. These comparisons, 
however, are not straightforward because the areas in which the TSOs and DSOs operate may vary a 
lot in factors that cannot be influenced by network operators, like the existing generation portfolio 
and load distribution.  

Currently, the TSOs and DSOs apply a uniform pricing system. This means that energy consumers and 
producers pay a fixed transmission charge which is not dependent on the actual locations of feed-ins 
and loads. This means that when energy companies determine which of their power plants will be 
dispatched, they do not take the effects on the grids into consideration. As a result, the dispatch will 
not be optimal from a system perspective because it may result in avoidable transmission losses and 
congestion in specific grid elements.  

As alternatives to the uniform pricing policy that is used now, alternative grid capacity pricing 
methods have been studied: nodal pricing and zonal pricing. In a system with nodal prices (also called 
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Locational Marginal Prices) the actual locations (nodes) of the feed-ins and loads are considered. 
Nodal prices would reflect the actual locational scarcity of transmission capacity, which means that 
energy companies will have to pay “real” transmission costs and hence will try to minimize these. A 
disadvantage nodal pricing is that it would make the electricity markets (far) more complex. Zonal 
pricing can be considered a compromise between uniform and nodal pricing. In this system nodes are 
grouped into different zones which are considered to be uniform in terms of grid capacity scarcity. 
Since distributed generation and distributed storage sources are typically closer to the actual load, 
less transportation losses would be involved. Currently, these savings would only benefit the grid 
operators. In a system with nodal (or zonal) pricing the cost savings would benefit those who 
invested in these distributed units. 

See for examples of alternative schemes for electricity systems with more financial incentives that 
are discussed in academia and among TSOs, market regulators and trading parties. (Van den Bosch, 
et al., 2009), (Jokić, Lazar, & Van den Bosch, 2009), (Jokić, Lazar, & Van den Bosch, Price-based 
Control of Electrical Power Systems, 2010) and Interviewee 13 [APX-Endex]. 

Reliability 
To ensure the reliability of the electricity supply, a number of regulations exist. The Electricity Law 
(Elektriciteitswet 1998) is fundamental. Based on this law, a number of codes have been agreed on. 
The “Netcode” covers the technical requirements for all grid connections and the “Systeemcode” 
lists procedures to guard system stability and to maintain energy balance.  

To maintain the balance between generation and load, there are three control mechanisms: the 
primary, secondary and tertiary control (also see section 2.2.). These control mechanisms consist of 
reserve generation capacity and disposable loads that are applied to cancel out imbalances. The 
primary control acts first and restores the balance in the synchronous grid to restore the target 
frequency at 50.00 Hz. It is obligatory for electricity producers to participate in the primary 
frequency/load control. The secondary control restores the balance in the TSO area that caused the 
imbalance, e.g. The Netherlands. (ENTSO-E , 2009) The tertiary control restores the primary and 
secondary reserves and restores the economically optimal allocation of production resources 
through bilateral contracts. The secondary control is voluntarily, but because the prices for 
secondary control power (paid by TenneT in an auction system also organized by TenneT) are often 
significantly higher than the regular energy price, virtually all energy producers also offer secondary 
reserve capacity. The higher price level reflects the uncertainty for the energy producers since no-
one knows beforehand how much secondary control power will be required. Besides the 
power/frequency control mechanisms, there is also a voltage control mechanism to keep grid 
elements at their required voltage levels. To maintain voltage reactive power is used. This voltage 
control mechanism works analog to the frequency control mechanism. To ensure sufficient 
transmission capacity, TenneT has to conduct risk analyses and create scenarios and forecasts about 
the electricity demand developments for the next ten years on a bi-annual basis. The quality of these 
analyses is supervised by the Office of Energy Regulation. (Energiekamer - NMa, 2011) Besides power 
and voltage control, market parties can offer to TenneT emergency power and recovery services 
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which are needed in case the grid voltage has to be restored after a large scale black out. Together 
with voltage and frequency control, these services are often called “ancillary services”. 

Innovation 
A specific aim of the market competition model is to stimulate innovation for both energy companies 
and grid operators. Furthermore, a number of subsidy schemes exist to foster innovative 
technologies. On an EU level, the most import subsidy schemes are the European Framework 
Programmes (FP). For FP7 (2007 - 2013) a budget for energy research of € 2300 million is available 
(European Communities, 2006). Electricity storage research is explicitly mentioned as eligible for 
funding under FP7, but only if labeled under smart grid technology. (CORDIS, 2008) The European 
Investment Bank also invests in individual storage research projects. (DG Communication: Rapid 
database, 2011) On a national scale, Agentschap NL provided research subsidies to foster research on 
electricity storage under the EOS program. (Agentschap NL, 2010), [Interviewee 8, Agentschap NL], 
[Interviewee 7, EZ] However, for 2011, no new EOS funds are available. 

6.3.2 Normative and cognitive rules 
Next to the formal, regulative rules, there are normative and cognitive rules that shape invisible 
constraints in the electricity regime. Verbong and Geels (2007), consider that the electricity regime is 
experiencing an “ongoing energy transition” with liberalization, privatization and Europeanization 
being its main drivers and dating back from the 1960s. The ongoing transition is also reflected in 
changes in normative and cognitive rules. Liberalization, privatization and Europeanization came with 
their own sets of informal rules, but many normative and cognitive rules from the pre-liberalized 
area still exist.  

Social function or market mechanics? 
Market forces have become increasingly dominant in the electricity regime. Energy companies 
(active in production, wholesale and/or retail of electricity) primarily consider themselves to be 
corporate enterprises rather than public utilities. As a result, investment decisions are primarily 
based on short and long term financial incentives. [Interviewee 1, Essent]; [Interviewee 2, Eneco]; 
[Interviewee 3, Delta]. 

For TSOs and DSOs the situation is different. From a regulative perspective the network operators are 
considered commercial enterprises operating in an (artificially created) competitive environment. 
The benchmark competition model exposes TSOs and DSOs to market forces, which means that if 
their quality of service or cost efficiency is insufficient they could theoretically go bankrupt or lose 
their license to operate the grids. In practice, however, elements from the old “public utility” 
paradigm are persistent. As a result, role expectations are not always shared among actors.  

Very clear examples of differences in role expectations can be found in the correspondence between 
the Office of Energy Regulation, TenneT and various DSOs. (Energiekamer - NMa, 2009b) The Office 
of Energy Regulation has a view primarily based on neoclassical economics and views TSOs and DSOs 
as rational, profit maximizing firms. It concludes that the benchmark competition framework 
provides incentives to improve the effectiveness and efficiency of network operation and to 
innovate. Innovation, therefore, is considered as a direct result of market stimuli or existing subsidy 
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schemes. (Energiekamer - NMa, 2009c, p. 19, section 52) [Interviewee 9, NMa-Energiekamer]. 
TenneT, on the other hand, strongly stresses their social responsibility. They report to the Office of 
Energy Regulation that they do all innovations they consider necessary for optimal functioning of the 
electricity system, even if this means undertaking these innovative activities will negatively affect 
their financial position. If this leads to financial problems, they consider that regulatory framework 
needs to be changed to provide TenneT more funds (TenneT, 2009a)7

Innovation or healthy conservatism? 

. This implies that system 
security and the public interest are displayed as their primary goals and that financial arguments are 
only secondary in their strategic decisions. On the other hand, TenneT also has a corporate face. This 
is for example reflected in the acquisition by TenneT of a German TSO (Transpower) and the salary 
levels of the executive staff, which are well above the norms that apply in the public sector. This dual 
nature of TenneT is also reflected in the way the government treats them. Through the Office of 
Energy Regulation, TenneT is treated like a profit centered corporation. At the same time, the 
national government (100% shareholder of TenneT) also regularly seeks policy advice from TenneT 
[Interviewee 6, TenneT] and gave them the role of objective auctioneer in the secondary control 
market. Also for DSOs the existing normative framework is a blend of profit seeking and social 
responsibility. The shares of most DSOs are owned by municipalities and provinces, while at the same 
time they are exposed to a competitive environment. This means that two objectives struggle for 
priority: profit maximization and reliability and quality of service. 

Also in debates about innovation in the energy regime, several norms apply. On a European level, 
these norms are reflected in the European Strategic Energy Technology plan (SET-Plan). (COM(2007) 
723) The core idea behind the SET-Plan is to “make low-carbon technologies affordable and 
competitive – a market choice” (European Union, 2010, p. 1). This is in line with the EU Renewable 
Energy Roadmap (2007) which proposed “that the EU establish a mandatory (legally binding) target 
of 20% for renewable energy's share of energy consumption in the EU by 2020” (COM(2006) 848, p. 
3). Likewise, the Seventh Framework Program (FP7) – the most important European research funding 
scheme – has a similar objective: “The objective of energy research under FP7 is to aid the creation 
and establishment of the technologies necessary to adapt the current energy system into a more 
sustainable, competitive and secure one” (CORDIS, 2011a). Also on a national level, research funds 
were made available to foster a sustainable energy sector. In the Netherlands, the Energy Research 
Subsidy scheme (EOS) had similar goals. (Agentschap NL, 2010) [Interviewee 8, Agentschap NL] 

Innovation, furthermore, is often addressed as an end in itself, rather than as a means. In the 2009 
consultation on innovation by the Office of Energy Regulation (Energiekamer - NMa, 2009b), DSOs 
and TenneT were asked to list their innovative activities and the involved costs, rather than their 
results. As an answer, the DSOs and TenneT provide a list of innovative projects, but all state that the 
costs involved with these projects is not administered separately. In this consultation, furthermore, 
the following question was asked by the Office of Energy Regulation: 

                                                             

7 See TenneT (2009a): the answers to questions: 5, 6, 9, 11 and 16 
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“Question 7: What is your opinion about the interpretation by the Office of Energy Regulation 
that innovation can be considered a legal duty for DSOs and the TSO?” (Energiekamer - NMa, 
2009c, p. 15 sections 36 and 37)8

Apparently, the legislation and its practical interpretation are still open for discussion. The DSOs 
almost all respond in nearly exactly the same words and state that society demands more innovation 
from DSOs than the law. Furthermore, they state that under current legislation there are incentives 
not to innovate, rather than to innovate. (Energiekamer - NMa, 2009b)

 

9 TenneT states that their 
innovative activities go beyond their legal duties. Hence, social obligation is implicitly claimed to be a 
main driver for innovation among electricity network operators. On their websites energy 
companies, DSOs and TenneT extensively discuss their innovative actions, which reflect the 
prominent role innovation has in corporate communication.10

The set of shared values and norms present in the electricity regime, however, also has a number of 
inherently conservative elements. Firstly, TenneT and the DSOs consider security of supply their 
primary task. Therefore, there is a strong preference for proven technologies. Also, implementing 
new technologies may not interrupt the electricity supply. Furthermore, implementing grid 
innovations typically require very large investments. To warrant these, risks and uncertainties need 
to be minimal. This risk-averseness, while understandable, can act as an innovation blocker. 

 The actors in the energy regime widely 
consider that (sustainable) innovation is socially desired. 

A common innovation blocking heuristic among TSOs (and to some extent DSOs) is the idea that grids 
should facilitate energy trade. A situation in which the grid capacity is insufficient to facilitate all 
requested electricity transports is referred to as “congestion”. The dominant heuristic in times of 
congestion is to increase the capacity of the grids in the congested areas. Other solutions, like market 
based allocation of scarce grid capacity are used only as temporary solution and are abandoned as 
soon as additional grid capacity has been realized. (TenneT, 2011e) These heuristics block 
innovations (e.g. nodal pricing, zonal pricing, smart grids, electricity storage) that aim to make the 
effects on the grid part of the equation in energy trading. The current situation is sub-optimal 
because differences in transmission costs, which are socialized, are not taken into account when 
energy companies determine how they allocate their production capacity. 

The tendency so see grids as facilitative to the electricity market rather than as part of it is also 
reflected in the jargon that is used. Compare for example “grid congestion” (which has a purely 
negative connotation) with “scarcity of grid capacity” (scarcity being a universal phenomenon in 
economics).  

                                                             

8 Translation of the original question in Dutch: “Vraag 7: Wat is uw mening over de interpretatie van de 
Energiekamer dat innovatie gezien kan worden als wettelijke taak van de landelijke (elektriciteit) en regionale 
netbeheerders (gas en elektriciteit)?” 
9 See for example the answers to question 7 from Enexis, Stedin, Endinet and DNWB. 
10 See: (ENEXIS, 2011), (Alliander, 2011),  (Stedin, 2011), (TenneT, 2011d), (Nuon, 2011), (Essent, 2011b),  
(Eneco, 2011) and (Delta, 2011) 
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The aversion to integrate grid capacity in markets may restrain innovation in grids, but at the same 
time has some rationale. Because the stochastic elements involved in electricity generation and 
consumption, participants (so called “balance responsible parties”) can or do not always live up to 
their contractual obligations. If grid capacity was allocated on a contractual basis, the dependency on 
participants to comply with previously made agreements would increase. Of course, a system of 
monetary penalties reduces the frequency of the more severe deviations from previously made 
agreements, but in the end fines do not resolve system imbalance and congestion. Since system 
stability is the primary responsibility of TSOs and DSOs, they do not favor a more prominent role for 
market mechanisms in grid capacity allocation. 

European cooperation or local responsibility? 
Also in terms of scale, the normative and cognitive rules are very heterogeneous across the energy 
regime. TenneT has a primarily centralized perspective and work towards an integrated European 
electricity system [Interviewee 6, TenneT]. Currently, a Trilateral Coupling (TLC) between the 
electricity markets between The Netherlands, Belgium and France has already been established. 
Furthermore, a Central West-European market (CWE) integrating the markets of The Netherlands, 
Germany, Belgium, France and Luxemburg is under development [Interviewee 13, APX]. To facilitate 
international trade, additional interconnector capacity is being built and market rules and technical 
codes are gradually harmonized with other European countries. Currently, the interconnector 
capacity is limited and therefore auctioned separately. In working towards a single European 
electricity market the TSOs, joined together in recently created European TSO organizations like 
ENTSO-E and CASC-EU, maintain a prominent position.  

The primary heuristics that are associated with the centralized view are “create economies of scale” 
and a “maintain a clear responsibility structure”. Economies of scale are obtained by pooling reserve 
capacity and allocating actual electricity generation to the most cost-effective generators. 
Furthermore the relative fluctuations in supply and demand will be less, which means that less 
balancing capacity is required. By coupling grids, the pool gets bigger and the aggregate system 
variance in supply and demand of electricity will decline. According to the statistical “central limit 
theorem”, the system variance is proportional with 1/n, where n is the number of independent 
stochastic elements. This would mean, for example, that the total availability of wind power and the 
total electricity demand would be relatively less volatile in a large system than in a small system. In 
practice, however, the stochastic elements are not fully independent: individual electricity demands 
are not random but are strongly dependent on the time of the day. Similarly, there is a correlation 
between the availability of wind power in neighboring countries, especially if distances are small. 
Nevertheless, additional interconnections do reduce the volatility of the combined system. Different 
time zones, for example between the Netherlands and the UK, have a leveling effect on the 
aggregate electricity demand and also wind fronts need time to travel. 

Another benefit of a centrally organized electricity system is that the responsibilities are organized 
clearly: the TSOs and DSOs are responsible for system balance and sufficient grid capacity while the 
competition authorities are responsible for an efficient and fair functioning electricity market.  
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In line with the nature of their activities, DSOs have a more decentralized focus than TSOs. To make 
electricity grids more efficient and flexible there seems to be a consensus among DSOs that the 
electricity distribution grids should be upgraded to so called “smart grids” (Netbeheer Nederland, 
2009). The goal of these smart grids is to be able to integrate large amounts of decentralized inputs, 
for example from solar panels on the houses of end-users. A central assumption in the “smart-grid” 
concept is that more coordination is required to match these intermittent and largely non-
dispatchable electricity feed-ins with the electricity consumption at a given time. To accomplish this, 
the momentary consumption of electricity should be more responsive to local coordinating signals. 
DSOs and electricity production and trading companies call this “demand side management”.  

The concept of smart grids is based on distributed, agent based control. While the lowest control 
level is the end-user, DSOs typically picture a prominent role for themselves in maintaining the 
power balance in distribution grids. De Jonge (2010), however, points out that also electricity 
producers or (local) aggregators with access to electricity spot markets could take this central role. 
Nevertheless, DSOs are currently the most active actor group in the field of smart grids and therefore 
determine the discourse. When DSOs consider balancing done at the end-user they refer to it as 
“demand side management” (the DSO being the manager that manages the smart agents at the 
demand side). A more end-user focused discourse, for example, would use a phrase like “end-user 
involvement” rather than “demand side management”. Currently, however, end-users are a relative 
passive actor category in the electricity regime. If anything, end-users seem to prefer the status quo 
over smart grids, which is reflected in a number of complaints from civil society that focus on privacy 
and autonomy infringements that are associated with smart grids. (Cuijpers & Koops, 2008)  

 

6.4 Conclusions 
A stable regime consists of a fixed set of systemic actors, technical systems that function well and 
formal and informal rules that are shared across the regime. When looking at the electricity regime, 
it appears that with respect to all these elements, the electricity regime can be considered unstable. 
The possible ownership unbundling of grid and generation assets provides uncertainty about the 
classification of the involved actors. Also, European actors are increasingly involved. From a system 
perspective, the growth of intermittent energy sources and (cross border) trading gradually increases 
the need for balancing capacity. In terms of rules the current system with socialized transmission 
costs is challenged by alternatives with nodal or zonal pricing. And there is uncertainty about 
ownership unbundling. Also in terms of normative and cognitive rules, the regime is far from 
uniform. Especially TSOs and DSOs struggle between profit seeking and social responsibility. Also, 
opinions differ on the direction in which the electricity system should develop. TSOs and European 
policy makers are building an EU super grid and are aiming for a harmonized European electricity 
market. At the same time, DSOs are experimenting with localized smart-grids. 

These instabilities do not imply that the security of supply is in danger, but rather that old practices 
and norms are increasingly being challenged. As a consequence, niche technologies may benefit and 
mature and eventually become part of the regime. Electricity storage technologies can be considered 



  

 

36 
 

such a niche. The next chapter analyzes the status and opportunities of various niche applications of 
electricity storage, considering the developments in the regime and the trends in the landscape. 
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7 The electricity storages niches 
 

7.1 Introduction 
To provide the functions as described in Chapter 2 different storage technologies can be applied. 
Various authors have compared these different technologies in terms of their different technical 
characteristics. See for example: Cole et al. (2006), Lysen et al (2006), Kaplan (2009), Van der Linden 
(2006), Roberts (2009) and DTI (2004). Table 4 summarizes their findings. Note that both the energy 
and power ratings can vary many orders of magnitude across the various technologies.  

 

Table 4: characteristics of electricity storage technologies, primarily based on Lysen et al. (2006) 

Storage technology 
Energy 
(kWh) 

Power (kW) 
(Dis)charge 
time 

 
Mechanical 

storage 

Pumped-Hydro Electricity 
storage (PHES) 

104 - 108  105 – 106   
hours / 
days 

Flywheels 1 – 10  102  
seconds / 
minutes 

Compressed Air Energy 
Storage (CAES) 

105 – 106  105  – 106  hours 

Electrochemical 
storage 

(batteries) 

Lithium-ion ~ 10  up to 102 
minutes / 
hours 

Sodium Sulfur (NaS) ~ 103 0.1 – 103 hours 
vanadium Redox-flow 10 – 103  10 – 103 hours 
etc.    

Electromagnetic 
storage 

Supercapacitors 10-3 – 10-1  10 – 103 seconds 

Superconducting Magnet 
Energy Storage (SMES) 

10-1 – 1 103 – 105 seconds 

 

Based on Table 4, the electricity storage technologies can be grouped according to their technical 
characteristics11

                                                             

11 Besides energy and power ratings, other factors are important too. These include: power and energy density 
(in kWh/kg or kW/kg), cycle efficiency (percentage of energy lost per cycle, charging and discharging), wear and 
capacity decay properties (storage capacity as a function of the number of cycles), self discharge rate 
(percentage per unit of time), ramp rate or response rate (or time), regulation response (switch time between 
charge and discharge, in seconds) and total costs of ownership, consisting of capital expenditures and 
operational expenditures. 

. A first group would be large scale electricity storage, consisting of pumped-hydro 
energy storage (PHES) and Compressed Air Energy Storage (CAES) systems. The large scale electricity 
storage technologies, can, for a limited amount of time provide power outputs comparable to 
conventional base load power plants (e.g. several hundreds of MWs). The other technologies can be 



  

 

38 
 

considered decentralized electricity storage and as their power and energy capacities are much 
lower. This group includes all types of batteries and electricity storage technologies like flywheels, 
supercapacitors and Super Magnetic Electricity Storage (SMES) which have a limited energy content, 
but which nevertheless have a relatively high power rating.  

Since the functions that can be provided by large scale and distributed electricity storage differ, they 
can be considered two different niches. For both niches, this chapter will discuss two separate niche 
projects in more detail. These projects are: OPAC and Energy Island (for the large scale niche) and 
Smart-Substation and GROW-DERS for the distributed electricity storage niche. The niches will be 
analyzed by considering the interaction between the three niche dynamics: voicing and shaping 
expectations, creating a conductive network and learning. Furthermore, the interaction between 
niches will be analyzed. 

 

7.2 Large scale electricity storage niches 

7.2.1 Introduction 
Both Compressed-air and Pumped-hydro are electricity storage technologies that can be applied for 
large scale electricity storage. In practice, pumped-hydro electricity storage is dominant.  Globally, 
only two CAES systems are currently in operation: a 290 MW system built in Hundorf, Germany in 
1978 and a 110 MW unit built in McIntosh, Alabama, USA in 1991. On the other hand, 90 GW of PHES 
is currently installed around the world (Electricity Storage Association, 2009). In the Netherlands 
both CAES and PHES have been considered (Ummels, Pelgrum, Kling, & Droog, 2008). This chapter 
will focus on pumped-hydro electricity storage because less documentation about the plans for CAES 
was available. This also implies that these plans were less discussed and less concrete and therefore 
are less interesting in terms of niche creation. Furthermore, the PHES niche in the Netherlands is 
more interesting than CAES from an analytic perspective, since they encompass a number of 
technological novelties. Because traditional pumped-hydro electricity storage is not possible in the 
Netherlands because the natural differences in altitude are insufficient, pumped hydro electricity 
storage can only be applied when a difference in elevation is created artificially. This makes PHES in 
the Netherlands more complex (and more expensive) than in mountainous areas. Nevertheless, in 
the Netherlands, two concrete plans for pumped-hydro electricity storage with artificially created 
elevation differences are currently discussed: OPAC and Energy Island. 

OPAC 
OPAC is a plan to build an underground pumped-accumulation electricity storage facility (Dutch: 
Ondergrondse Pomp-Accumulatie Centrale). In this plan, the elevation difference is created by 
building the lower basin in underground stone layers (at a depth of 1400 meters) while the upper 
reservoir is constructed at the surface. The original idea for OPAC originates from Jan Huynen, an 
independent entrepreneur. In the 1980s Huynen and his company Sogecom tried to obtain financing 
to construct the electricity storage facility near the village Geulle in the Dutch province Limburg. The 
main goals of OPAC would be to store and trade with wind power and possibly cheap nuclear power 
generated in France and Belgium. The anticipated construction costs, however, were too high to be 
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commercially viable and since the Dutch Government did not want to subsidize it, the plan was never 
implemented. Verbong (2001) mentions a number of additional characteristics of the socio-technical 
landscape in the ‘80s that were unfavorable for large scale energy storage. These include:  

- low electricity prices (which made energy savings as a result of electricity storage less 
attractive) 

- a growing aversion against nuclear energy (which also negatively affected large scale 
electricity storage, which was associated with nuclear power) 

- a larger capacity of the current system to integrate wind power and fewer breakthroughs in 
large scale wind power than were initially expected (which made electricity storage 
unnecessary to integrate wind) 

 

Figure 9: the OPAC concept - source: Sogecom (2009) 

In 2007 Essent, Nuon and E.On-Benelux, three major Dutch energy companies, and Sogecom revived 
this plan. Consulting firm Royal Haskoning was asked to look into the feasibility of OPAC that was 
now planned to be constructed in Graetheide, about 12 kilometers away from the original location. 
An important reason for this renewed attention was that the Dutch national energy policy had 
changed and now included targets to increase the total installed capacity of offshore wind from 228 
MW in 2008 (CBS Statline, 2011a) to 6000 MW in 2020 (Rijksoverheid, 2011). The idea was that the 
electricity storage facility could also be used to store and trade wind energy. This would help to 
stabilize the grid and benefits could be made by storing and selling wind energy. Despite these 
advantages, the feasibility study of Royal Haskoning showed that because of the high construction 
costs OPAC cannot be realized without governmental support. The total costs of OPAC were 
estimated to be around 1.8 billion Euros, of which 500 million Euros should be paid by the national 
government over a period of 10 years. 
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Table 5: Technical specifications OPAC 
Depth   1400 meters 
Energy capacity:   8000 MWh 
Power capacity:   1400 MW 
Typical storage times:  hours 
Main application:   trading – diurnal load shifting 

Energy Island 
In 1981, "plan Lievense" was introduced by engineer J.W. Lievense. In this plan the Markermeer, a 
section of the big lake IJsselmeer, would be used as a pumped hydro electricity storage facility. The 
dykes around the Markermeer would be raised, so water from the IJsselmeer could be pumped in to 
gain a difference in elevation. The main function of plan Lievense was claimed (in the campaign to 
get governmental funding) to integrate the 400 windmills that should be constructed at the 
Markermeer dykes. Later professor Vrijling of Delft University of Technology, who was involved in the 
feasibility studies for plan Lievense, admitted the main purpose of plan Lievense was to store cheap 
night time nuclear power (Wassink, 2008).  

“Plan Lievense”, however, had to face the same unfavorable trends that also blocked the initial OPAC 
plans (Verbong, 2001). Furthermore, Verbong (2001) mentions a number of additional objectives 
that were expressed against plan Lievense. These included: 

- safety objections, since dykes of up to 30 meters height were required 
- various environmental objections, including the danger of seepage of salt water that would 

affect surrounding farmlands and objections about the visually obstructive nature of the 
extended set of high dykes that eventually would enclose a total area of 165 km2.  

Because of these reasons and the economical and technical arguments that also blocked OPAC, Plan 
Lievense was eventually abandoned. 

However, just like OPAC, plan Lievense (now called Energy Island) was revived in 2007, also as a 
result of the renewed attention for wind Energy. KEMA and civil engineering firm Bureau Lievense, 
paid by the main energy companies in the Netherlands, made a number of adaptations to the original 
plan. These adaptations include a location change and an elevation difference. The most discussed 
location for the Energy Island is in the North Sea (25 km out of the cost of the province Zeeland), 
even though alternative variants in the IJsselmeer and  near the cost of Den Helder are also 
considered. Another difference is the use of the basins. In plan Lievense the artificial lake was the 
highest reservoir, whereas Energy Island (in Zeeland) uses the North Sea as the highest reservoir 
while the artificial lake is the lower reservoir. Figure 10 shows an impression of the Energy Island 
plan. 
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Figure 10: the Energy Island concept - image by Rudolf Das for KEMA (We at Sea, 2010a) 

To store energy, water would be pumped out of the Energy Island. To regain the electricity used to 
pump the water out, inflowing water would drive the generators installed in the surrounding dyke. 
The floor of the North Sea at the selected location consists of heavy clay which can resist a pressure 
resulting from the planned maximum of 40 meters water level difference. The total costs for the 
Energy Island are 2.45 billion Euros. Analog to the OPAC plan, governmental funding would be 
required too.  

Table 6: Technical specifications Energy Island 
Depth   40 meters 
Energy capacity:   20,000 MWh 
Power capacity:   1600 MW 
Cycle efficiency ~80% 
Typical storage times:   hours 
Main application:   trading – diurnal load shifting 

 

7.2.2 Voicing and shaping expectations 
Initially, several claims were made about large scale electricity storage. It would be cost effective, it 
would reduce CO2 emissions, it would be a prerequisite to reach the national targets for sustainable 
generation, it would increase the independence of the national electricity supply system and it would 
generate jobs and boost the economy at the storage site. 

Expectations on OPAC 
In a press release of May 23, 2007, Royal Haskoning expresses their views on the benefits of OPAC: 
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“In contrast with gas fired powerplants, OPAC can contribute to the stabilization of the electricity 
grid in a sustainable way. Calculations show that OPAC itself can contribute up to 2 million tones 
to the CO2 reduction targets for 2020.” (Royal Haskoning, 2007)12

Furthermore, in the same press release, OPAC is presented as a project based on proven and reliable 
technology and as a project that contributes to the regional economical growth. Also, OPAC is 
labeled as a “smart electricity buffer”. 

 

On the website of Essent, similar claims are made. With a promotional video explaining the concept 
of OPAC, Essent expresses that OPAC may become reality in eight to ten years time and then will be 
“the best battery of Europe”. (Van Engelen, 2011) (Essent, 2011a) 

The project website of OPAC (Sogecom, 2009) also mentions the advantages OPAC could have for the 
integration of wind energy, CO2 reductions and local employment. In terms of employment, the 
website claims 15,000 men-years distributed over seven years of construction time, on top of several 
hundreds of long term jobs.  

Expectations on Energy Island 
About Energy Island similar claims are made. In a report issued in 2007 (De Boer, Verheij, Zwemmer, 
& Das, 2007), KEMA and bureau Lievense express their views on the main functionalities for the 
Energy Island. They conclude that the benefits of the Energy Island are mainly associated with the 
integration of wind power because it can provide:  

- “regulating power for Program Responsible parties and/or TSO to compensate wind power 
forecast errors” 

- “download capability during high wind periods at night” 

In the same document, KEMA and Lievense state that even though feasibility studies are still being 
carried out, “the first results show that this concept is technical and economical feasible”.  

At conferences organized by We@sea (a foundation which aims to “gather knowledge and reduce 
risks, in order to realize a sound implementation of wind energy in the North Sea” (We at Sea, 2010b)) 
KEMA presented the Energy Island concept again. (Verheij, 2009) (Verheij, De Boer, Mol, & Quist, 
2009) In these presentations several more explicit expectations where raised about the positive 
effects of the Energy Island, including:  

- “1.5-2% less CO2 emissions” 
- “an economic life time of 40 years”  
- “a positive net present value of EUR 0.8 billion” 
- “saves 1,886 TWh/a wind energy in the Netherlands of 2020 with 9000 MW wind, by 

avoiding wind curtailment” 

                                                             

12 Translated from Dutch: “In tegenstelling tot gascentrales kan de Ondergrondse Pompaccumulatiecentrale 
(OPAC) op een duurzame manier bijdragen aan de stabilisering van het stroomnet. Uit berekeningen blijkt dat 
de OPAC zélf tot zo'n 2 miljoen ton kan bijdragen aan de CO2-reductiedoelstelling voor 2020.” 
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7.2.3 Creating a conductive network 
A majority of the larger Dutch energy companies were mildly supporting of, and did actually invest in 
studies to further investigate the feasibility of OPAC and/or Energy Island. There was support from 
several members of parliament and TenneT looked into how the electricity storage projects could be 
integrated to the national HV-grid. The stakeholder interviews, however, also make clear that energy 
companies, TenneT and the ministry of economic affairs still have serious doubts. 

Energy companies 
The three interviewees from electricity companies all express a relative passivism in relation to 
electricity storage. Interviewee 1 [Essent] states that “Essent does not participate in storage 
technology development, but may consider new technologies when they are presented.” Before 
investing in storage technology, Essent needs clarity about long term energy policies of the national 
government as well as well as proven and cost-effective technologies.” Interviewee 2 [Eneco] 
mentions that, in general terms, their involvement with electricity storage projects is “fairly limited”. 
Interviewee 3 [Delta] states that “As the smallest of the energy producing companies in the 
Netherlands, DELTA does not consider it their role to lead in electricity storage related innovations”. 

Furthermore, the energy companies may be reluctant to invest in large scale, centralized, electricity 
storage because they consider decentralized electricity storage to be a preferable alternative. 
Interviewee 1 [Essent] and Interviewee 3 [Delta] both express that decentralized electricity storage 
probably has more potential than large scale electricity storage. Interviewee 2 [Eneco] focuses on 
distributed and end-user applications of electricity storage, even though they consider it not possible 
to predict if centralized or decentralized storage will have more chance to break through.  

Finally, other options that are perceived to be more effective and/or cost efficient and may shift the 
focus of the energy companies away from large scale electricity storage. Interviewee 2 [Eneco] 
considers that electricity storage is not necessary for system stability and diurnal (intra-day) 
balancing, because the current situation with peak-load power plants works adequately. Another 
competing technological solution is expanding interconnector capacity. Interviewee 1 [Essent] and 
Interviewee 3 [Delta] consider that expanding interconnector capacity is a serious alternative for 
large scale electricity storage, and may spoil the business case for storage. The reason is that 
additional grid interconnection capacity between different European countries can be seen as a 
competing source of balancing capacity that can be provided by storage (or, alternatively, as a way to 
reduce the demand for balancing capacity). Interviewee 3 [Delta] adds that building additional 
interconnecting infrastructure is also an alternative for electricity storage applied for congestion 
management and investment deferral. 

TenneT 
TenneT also indicates that they currently have a focus on expanding interconnector capacity. 
[Interviewee 6, TenneT] In a corporate publication TenneT (2009b) states that interconnectors also 
may be used to store electricity in large scale hydro storage facilities in Norway. 
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Furthermore, storage can also be used for ancillary services for electricity grid operators, like voltage 
control and short term frequency balancing. Interviewee 6 [TenneT] states that it is possible that 
TenneT would buy these ancillary services from storage owners. Interviewee 6 [TenneT], however, 
mentions that it is not likely that TenneT itself will own storage systems because: “trading is 
considered to be the main functionality of storage systems, and current competition laws do not 
allow TenneT to trade electricity”.  

Netherlands Ministry of economic affairs (EZ) 
Support from the Dutch national government for large scale electricity storage is unsure. Interviewee 
7 [EZ] remarks that EZ currently does not have a consistent vision for the future of electricity storage. 
If storage technology is considered desirable, legislation will be changed if necessary. Interviewee 7 
[EZ] adds that electricity storage in some scenarios might be an economically viable investment for 
energy companies. Significant subsidies from EZ for OPAC or the Energy Island, however, seem 
unlikely because interviewee 7 [EZ] does not subscribe to the viewpoint that large scale electricity 
storage is necessary for the security of the electricity supply. Also the leveling effects electricity 
storage could have on the electricity prices are not considered a specific policy goal.  

 

7.2.4 Learning 
On June 25, 2007, in reply to written questions from member of parliament Mr. Hessels, Mrs. Van 
der Hoeven, minister of economic affairs and responsible for the energy policy in the Netherlands at 
that time, stated that more research is necessary in order to assess if large scale electricity storage is 
viable in the Netherlands. Furthermore, the minister argues that besides storage options like OPAC 
and the Energy Island alternative ways to make the electricity system more flexible should also be 
considered. The alternatives she mentions include an expansion of the interconnection capacity with 
neighboring countries and the flexible application of distributed CHP (Combined Heat and Power) 
generation. (Tweede Kamer der Staten-Generaal, 2007) 

To compare these alternatives the minister ordered a study which was executed by the "Taskforce 
Large Scale Electricity Storage" (Dutch: "projectgroep grootschalige elektriciteitsoplsag") which 
operated within the Energy Transition project which had been initiated by six Dutch ministries in 
2001. Interviewee 7 [EZ] and interviewee 13 [APX-Endex] were part of this taskforce. The taskforce 
ordered a feasibility study from Delft University of Technology which was executed by B.C. Ummels 
(2007) 

The conclusion of this study was that interconnections with Norway would be more cost effective 
than OPAC or Energy Island. Besides that, the economic feasibility of OPAC and Energy Island would 
be unsure and highly dependent on external factors like installed wind capacity, fuel and CO2 costs 
and total electricity consumption. In a large number of scenarios both OPAC and Energy Island would 
have a negative net present value. Furthermore, the taskforce concluded that electricity storage was 
not necessary for the security of supply or to integrate up to 10 GW of wind energy. Finally, the 
taskforce concluded that large scale electricity storage facilities would increase CO2 emissions. These 
additional CO2 emissions would result from energy conversion losses and because energy storage 
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would cause a partial substitution of peak load gas generation by more polluting base load coal 
generation.  

On April 2th, 2008, the parliament discussed the results of Taskforce. (Tweede Kamer der Staten-
Generaal, 2008) In this discussion member of parliament Mr. Hessels challenged a number of the 
assumptions of the report and requested a new study. This request was approved and a new study 
was commissioned to KEMA. This study was recently completed by KEMA, and draws largely the 
same conclusions as the study ordered by the Taskforce: large scale electricity storage is most likely 
not economically viable, it is not required for the integration of wind energy and increasing 
interconnector capacity is a cheaper way to provide more flexibility to the electricity grid in the 
Netherlands. 

 

7.2.5 Co-development of niches: wind energy and large scale electricity storage 
Wind energy can be considered a niche technology in the Netherlands, because it has a share of only 
4% of the total electricity production. (CBS Statline, 2011b) Wind energy especially played an 
important role in the process of voicing and shaping expectations In the large scale electricity storage 
niche. 

The project description of OPAC mentions its ability to integrate wind energy as the biggest 
advantage of OPAC. (Sogecom, 2009) Wind power is an intermittent energy source, and its 
availability does not always coincide with moments of high energy demand. Large scale electricity 
storage facilities can bridge this gap. (Also see Chapter 2.4.) The Energy Island is also advertised as 
being especially valuable to facilitate and integrate wind energy. KEMA states:  

“Large-scale storage is pre-eminently suitable in electricity markets with a relatively large 
amount of wind energy, a situation which, according to expectations, will also apply for the 
Netherlands by about the year 2020.” (KEMA, 2007) 

Also from the side of the wind energy industry, grid integration is seen as a serious issue. In a large 
study called European Wind Integration Study (EWIS, 2010), the joint TSOs in cooperation with the 
wind energy industry considered Electricity storage as a potential way to integrate wind energy. Their 
conclusions, however, were that additional storage is not required to prevent wind curtailment. 

“The central conclusion of the analyses is that, on the basis of the assumptions made, large 
scale energy storage offers little added value in relation to the operation of the European 
electricity supply system, except for Spain. Electricity production from wind can, already 
without extra storage, mostly be integrated in the European system and can help to prevent 
wind curtailment.” (EWIS, 2010, p. 134) 

 EWIS, furthermore, concludes that even though large scale electricity storage might have 
economical benefits, this is highly dependent on the location. In the CWE region (Central Western 
Europe, which includes the Netherlands) it is considered more efficient to invest in interconnectors 
to utilize existing Norwegian storage facilities. 
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“The use of Nordic storage by increasing the interconnection capacity from the CWE region to 
Norway results in much higher variable cost savings, compared to the variable costs savings 
that can be achieved by building storage with equal capacity in the CWE region. (…) 
Introduction of large scale pumped hydro storage appears not to be economic in the 
Netherlands, because of the very high capital cost (around 1,700€ / kW).” (EWIS, p. 137) 

€1,700/kW is indeed relatively expensive compared to traditional pumped-hydro storage projects. A 
comparative study by Deane, Gallachóir, & McKeogh (2010) concludes that: 

“Capital costs per MW for proposed Pumped Hydro electricity storage in the review region [The 
European Union, Japan and the US] are between €470 / kW and €2170 / kW”. Deane et al. 
(2010, p. 1300) 

The high costs for large scale electricity storage and the availability of access to cheaper, existing 
pumped-hydro electricity storage sites prevented a further co-development of wind-power and 
electricity storage in the Netherlands. On a European scale, however, the development and 
proliferation of pumped-hydro electricity storage seems to benefit from the presence of wind power. 
As Deane et al. (2010, p. 1301) put it: 

“Developers of new PHES in the review region tend to have diverse generating portfolios 
usually with significant amounts of wind capacity. This is particularly true in Europe”. 

In terms of system stability, the currently planned amounts of wind energy in Europe do not depend 
on additional pumped hydro electricity storage. Additional wind energy might, however, lead to 
more price fluctuations which in turn is beneficial for large scale electricity storage units because it 
will improve the business case for electricity trading and to provide ancillary services. 

 

7.2.6 Conclusions 
Innovations often develop within niches which consist of pilot projects and develop from there. 
However, because the amounts of money involved with Energy Island and OPAC were so large, a 
significant amount of initial security about technical and economical feasibility was required on 
beforehand. The studies which should provide this security were not able to do so. On the other 
hand, they altered the expectations negatively. Initial claims had to be dropped: CO2 effects turned 
out to be negative and large scale storage is not required to ensure the stability of the system or to 
integrate the wind energy capacity which is planned to be installed for 2020. Furthermore, large 
scale electricity storage does not seem to be cost-effective compared to the alternative of increasing 
interconnector capacity. These barriers for both OPAC and the Energy Island made the energy 
companies reluctant to invest and make it relatively unlikely for these projects to advance beyond 
the concept stage. As a result, the conductive network for large scale electricity storage lost 
momentum and the learning process came to a halt. 

Another explanation for the fact that large scale electricity storage so far did not advance beyond the 
plan stage is that there were no powerful actors to support it. The most prominently involved actor 
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groups were research institutions and consultancy firms, while actual investors were largely absent. 
Note furthermore, that most involved actors were regime actors that had little interest to act as a 
driver or spokesperson of the niche. 

Co-development between wind energy and large scale electricity storage, however, did occur in the 
initial stages of the large scale electricity storage niches, because large scale electricity storage was 
put back on the agenda as a result of a growth in wind power. In the process of voicing and shaping 
expectations, the actors involved in the large scale storage niche extensively refer to wind energy 
and stress that both niches are dependent on each other. From the side of the wind niche, however, 
this conclusion is not shared. Therefore, we can conclude that the co-development of niches has the 
form of a one-sided dependence of large scale electricity storage on the proliferation of wind power. 
Wind energy does not depend on additional large scale electricity storage, but electricity storage 
benefited from renewed interest in wind energy by positioning electricity storage as a facilitative 
technology for wind energy. Although the development of the large scale electricity storage niche in 
the Netherlands currently stagnates, the initial steps that have been taken were only possible by 
referring to the benefits of electricity storage in relation to wind energy. The case of large scale 
electricity storage therefore supports the hypothesis of co-development of niches. 

If the amount of installed capacity of wind power in Europe advances beyond the current plans for 
2020, more problems with the grid integration of wind might occur and large scale energy storage 
and wind energy may mutually reinforce each other. This, however, is highly speculative and also 
dependent on the development of alternative sources for balancing like additional interconnector 
capacity or adaptive CHP installations.  

 

7.3 Distributed electricity storage niches 

7.3.1 Introduction 
Distribution level electricity storage systems are typically installed at sub-stations, neighborhood 
transformers, or at larger end-users of electricity. Technologies that are commonly applied for 
distribution level electricity storage include: various battery types, flywheels, supercapacitors and 
super magnetic energy storage (SMES). These technologies are relatively fast responding, and have 
high power to energy ratios. The main functions they can provide are: energy balancing (on small 
time intervals), infrastructure asset productivity and end-user services. Additionally, distributed 
storage can provide generation asset productivity improvements in case of distributed generation.  

In the Netherlands, distribution level electricity storage technologies can be considered niche 
technologies. The number of actually installed distributed storage systems is limited and many have 
an experimental nature. In the US, a small number of Sodium Sulpher (NaS) battery systems have 
been applied for distribution asset productivity (investment deferral) while in Japan NaS-storage is 
applied at 190 locations to integrate wind power. Since 2008, flywheels are being applied in the US at 
two locations and on a commercial basis to provide small time interval energy balancing. (Roberts, 
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2009) Furthermore, flywheels are used at heavy duty end-users to reduce peak demands. In the 
Netherlands flywheels are, for example, applied at hoisting vessels. [Interviewee 10, CCM] 

To focus on the Dutch setting, this chapter will discuss in more detail two niche projects that involve 
distributed electricity storage and that (partly) take place in the Netherlands. These projects are 
“Grow-Ders” and “Smart-Substation”. 

Grow-Ders 
Grow-Ders is a European demonstration project for “Grid Reliability and Operability with Distributed 
Generation using Flexible Storage”. It was initiated by KEMA in 2005 and aims to “demonstrate the 
technical and economical maturity of transportable and flexible grid connected storage systems” (De 
Boer, Gütschow, & Cremers, 2010). Within the Grow-Ders project, two different types of storage 
technologies are applied: a Lithium-ion battery pack and a flywheel system. De Boer, Gütschow & 
Cremers (2010) lists their primary technical specifications. 

Table 7: Technical specifications of Grow-Ders 
Lithium-ion battery  

Energy capacity:   40 kWh 

Power capacity:   10 kW 

Typical storage times: hours 

Flywheel  

Energy capacity:   160 kW 

Power capacity:   0.9 kWh 

Typical storage times: ~ 10 seconds 

 

The main function of electricity storage as applied within Grow-Ders is “investment deferral”, which 
may provide for a more efficient operation of grid infrastructures. The key characteristics for 
electricity storage applied for “investments deferral” is that they temporarily substitute for additional 
grid capacity (which may not yet be economically feasible or may not yet be ready because of long 
construction times). (Also see section 2.3)  To be able to apply the storage modules according to 
need at different locations for a limited period of time, Grow-Ders applies containerized electricity 
storage modules, which hence are relatively easy to transport. Besides investment deferral, Grow-
Ders provides power quality (with battery or flywheel) or trading options (only with battery). 

Grow-Ders storage systems have been tested at four different locations (De Boer, Gütschow, & 
Cremers, 2010): 

• Zamudio (Spain) – battery system 1 
• Chambery (France) – battery system 2 
• Zutphen/Bronsbergen (Netherlands) – flywheel 
• Mannheim (Germany) – combination 
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Grow-Ders is partly funded by the EU (within Framework Program 6) and involves a consortium of 
nine companies from six European countries, representing “the entire electricity value chain” (De 
Boer, Gütschow, & Cremers, 2010), [Interviewee 16, KEMA]. 

Parties involved in Grow-Ders: 

- Energy companies / DSOs 
o Iberdrola – a Spain based Energy producer and DSO 
o Alliander (previously Continuon) –  a Dutch DSO 
o Electricity Authority of Cyprus – Cyprian Energy producer and DSO 

- Research institutions / consulting 
o KEMA – a Netherlands based Energy consulting firm (project leader) 
o CEA – a French government-funded technological research organization 
o JEN – a Polish state owned research Institute.  

- Storage technology industry 
o SAFT – a French based battery manufacturer 
o Exendis – a Netherlands based manufacturer of energy conversion equipment 

Smart-Substation 
The “Smart-Substation” project involves the development and testing of a new design for a 
neighborhood transformer that transforms the voltage from 10 kV (MV) to 400 V (LV). One of the 
new elements of this design is that it integrates a battery pack (30kWh/60kW) within the transformer 
station. The substation has been implemented in a field test in a neighborhood in the municipality 
Apeldoorn. In this neighborhood 100 existing houses have been equipped with μ-CHP (micro 
Combined Heat and Power) installations which produce both heat and electrical power. (Flex Power 
Grid Lab, 2011) 

The project is managed by ECN and includes six other Dutch companies. The field test in Apeldoorn is 
also subsidized by the province Gelderland, as part of the “Gelderland climate program 2008-2011” 
(Province Gelderland, 2008). The Smart-Substation is designed to be able to operate in a “smart 
grid”. Therefore, systems are installed to send technical and economical data to end-users and to 
receive data from “smart appliances”. A control device and algorithm called ECN PowerMatcher 
process these data to “control the power flows from the battery in the station itself as well as power 
flows from flexible appliances and generators in the houses connected to the substation” (Smart 
Substation, 2011). Therefore, in order for the Smart-Substation to function optimally, smart meters 
and smart appliances need to be installed at the end-users. 

By using the storage system and the communication infrastructure, the Smart-Substation can provide 
various functions: 

- Congestion management. The battery can reduce peak power plows on the MV grid by 
strategically charging and discharging (peak shaving). Demand side management can reduce 
peak power flows on the MV and the LV grids by leveling the electricity demand.  
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- Investment deferral. Because peak transmissions are lowered, capacity upgrades of the grid 
may be deferred. 

- Uninterrupted Power Supply (UPS). The battery can provide a maximum of 30 kWh / 60 kW 
of electrical power to the end users in times of an outage. If sufficient local generation 
capacity is available, the grid can function as a micro-grid in island operation.  

Prior to the field test in Apeldoorn, a lab test in the “Flex Power Grid Lab” at the site of KEMA in 
Arnhem has been executed. This lab test showed a reduction of peak loads of 30%. (Kester J. C., 
2009) The results of the field test have not been published yet. 

Parties involved in Smart-Substation:  

- Energy Companies / DSOs 
o Alliander (previously Continuon) –  a DSO 

- Research institutions / Consulting 
o ECN - Energy Research Center, primarily funded by the Dutch national government 

(project leader) 
o KEMA – Energy consulting 

- Industry 
o Eaton Electric Nederland (previously Eaton Holec) - home automation equipment 

and appliances 
o Imtech-Vonk – development of “smart transformer” 
o Alfen – construction and design of the smart substation 
o Exendis - energy conversion equipment 

 

7.3.2 Voicing and shaping expectations 
Grow-Ders and Smart substation both focus on the functions storage can provide for DSOs. Both 
mention that besides the hardware, improved control algorithms can provide much of the added 
value. To attract funding from the European and the Dutch government, respectively, Grow-Ders and 
Smart Substation also stress the potential of electricity storage to implement sustainable or more 
efficient energy sources. 

Expectations on Grow-Ders 
In its corporate magazine, KEMA states that: 

“The introduction of storage systems is now feasible since the costs of storage technologies 
have dropped dramatically in the last five years. However, unfamiliarity with the techniques, 
lack of confidence, and uncertainty with costs and benefits are creating end-user disinterest.” 
(Global Contact, 2009, p. 13) 

This message is in line with statements from KEMA employees who indicate that “a lack of long 
running demonstration projects makes investors reluctant” [Interviewee 15, KEMA]. Grow-Ders, 
therefore, is presented as a demonstration project that can create awareness about the solutions 
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storage technology can offer. Besides expanding the show-case portfolio for the involved companies 
and institutions, Grow-Ders also generates practical knowledge. 

The message to partners and potential future investors (primarily DSOs), however, is slightly different 
than the message to the EU. To the first group, the potential of the business case for distributed 
electricity storage is stressed and outlined in various presentations and publications that can be 
found on the project website. (Grow-Ders, 2011) Advanced control algorithms should be able to find 
the optimal utilization methods to by applying storage for investment deferral, power quality 
improvements and electricity trading. On the website of the FP6 European subsidy program, on the 
other hand, the Grow-Ders project is primarily presented as a way to cater the integration of 
sustainable electricity sources in the grid. (CORDIS , 2011b) 

Expectations on Smart-Substation 
Within the smart-substation project, electricity storage is part of a new MV/LV transformer station 
concept. The project is presented as a way to operate the electricity chain more efficiently 
(“smarter”) by making the different components more reactive to each other. The Smart-Substation 
is designed to play a coordinating role in local energy management. The control algorithm in the 
substation is designed by ECN and called the “PowerMatcher”.  

“PowerMatcher is a market-based control concept that finds an optimal match between 
preferences of producers, consumers and the power grid.” (Kester, et al., 2009) 

The smart-substation, therefore, is presented to not only improve the efficiency of the distribution 
grids, but to optimize the entire electricity chain.  Electricity storage is considered in combination 
with demand side management (also called “demand response”) as primary ways to reduce peak 
transports, to stabilize the grid to cater for distributed generation. (Kamphuis, Kok, Walmer, & 
Hommelberg, 2006)  

 

7.3.3 Creating a conductive network 
Both Grow-Ders and Smart-Substation are demonstration projects that are executed by a consortium 
representing multiple actors in the electricity chain. Grow-Ders is a European consortium consisting 
of participants from six different European countries: The Netherlands, France, Germany, Cyprus, 
Spain and Poland. They include (governmental) research institutions, electricity producers, a 
distribution grid operator, a battery manufacturer and a producer of electro-technical equipment. 
Within the Smart-Substation consortium, the same actor categories are represented, except for 
electricity producers and battery manufacturers, which are not involved in the project. Another 
difference between the two projects is that Smart-Substation has a national, rather than a European 
focus: all partners are Dutch.  

Different actors may have different reasons to participate or not to participate in distributed 
electricity storage projects. 
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Energy companies 
The energy producing and retailing companies in the Netherlands are not involved in Grow-Ders, 
Smart-Substation, or any other project that involves distributed electricity storage. However, future 
actions in this field are possible. Interviewee 1 [Essent] considers that: “Batteries at the end-user, 
controlled by Essent, will provide options for demand side management. This can be very lucrative, as 
it enables Essent to run their power plants more efficiently and to make additional profits at the 
imbalance market for imbalances in time areas of 15 minutes”. Interviewee 2 [Eneco] adds that “the 
current market model for small end-users does not allow them to benefit from electricity storage”, 
however they add: “Eneco expects that future energy markets will also imply more price incentives 
for small end-users. This may take 5 to 10 years.” Interviewee 3 [Delta] states that they are not 
involved in distributed electricity storage projects because “clients so far do not ask for decentralized 
electricity storage”. The attitude of the energy companies therefore closely resembles their stance on 
large scale electricity storage: currently they are not directly involved but they monitor the 
developments in the field. As soon as the business case for distributed electricity storage is viable, 
they may step in. 

DSOs 
The Dutch DSO Alliander is a partner in both Grow-Ders and Smart-Substation. In both cases they 
facilitate the field tests: in Zutphen for Grow-Ders and in Apeldoorn for Smart-Substation. 
Nevertheless, Alliander considers that for DSOs there currently there is no business case for 
decentralized storage and they are unsure about the future. This is partly due to the current 
organization of the electricity markets. Electricity buyers and sellers together determine when, 
where and how much electrical power should be transported. DSOs should facilitate the market at 
much as possible: only in the case of congestion DSOs (and TSOs) are allowed to restrain the market. 
Electricity trading, which Interviewee 5 [Alliander] considers “the most lucrative use of electricity 
storage” is not allowed for DSOs. He adds, however, that “it is possible that the electricity law 
changes to provide more options to implement electricity storage”. Besides Grow-Ders and Smart-
Substation, Alliander also has developed an Intelligent Home System (IHS) which should allow 
residential end-users to install storage units at home and have them function optimally in 
combination with smart appliances, μ-CHP generators and electric vehicles to minimize the electricity 
bills. [Interviewee 4, Alliander] 

Governments 
Although governments are not directly involved in Grow-Ders and Smart Substation, they facilitate 
these projects with subsidies. Remarkable is that these subsidies consist of European funds, as well 
as subsidies from national and regional governments. Grow-Ders received European subsidies worth 
1.27 million euro on a total budget of 3.18 million euro. Interviewee 16 [KEMA] considers that “even 
though the resulting administrative load was considerable (…), the EU officer to whom Grow-Ders 
was assigned was very helpful to find practical solutions when problems arose.” Smart-Substation is 
partly funded under the IOP-EMVT program of Agentschap NL (previously SenterNovem), which is an 
agency of the Dutch ministry of economic affairs. This ministry also subsidized the CHP installations 
that were installed at end-users and connected to the Smart-Substation. Additional funds for the 
demonstration project were provided by the Province of Gelderland to the municipality of 
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Apeldoorn. (Province Gelderland, 2008) (Municipality Apeldoorn, 2011) The amounts involved were 
not disclosed. 

Research institutions / consulting 
Both for Grow-Ders and Smart-Substation, knowledge institutions have taken the initiative to build 
the consortium. For Grow-Ders, it has been KEMA. The consortium was largely based on existing 
contacts that previously had partnered with KEMA in other European projects. To be able to attract 
European funding, it was important that the parties involved represented several European 
countries. 

The Dutch parties that were involved with Grow-Ders (KEMA, Exendis and Alliander (previously 
Continuon)) also participate in Smart-Substation. This project was initiated by ECN, an Energy 
Research Center primarily funded by the Dutch national government.  

Industry 
It is remarkable that the research institutions took the lead in both distributed electricity storage 
projects, and not industries involved in electricity storage technology. One reason may be the fact 
that these research and consulting companies have more experience in forming consortia and 
managing projects in national and European subsidy programs. In Grow-Ders, Saft and Exendis were 
the only representatives of the industry. Saft designed and produced the battery and Exendis 
provided energy conversion equipment (e.g. AC/DC convertors). The flywheels used where existing 
models bought from a third party. Within Smart-Substation, four industrial partners were involved. 
Noteworthy is that the producers of the electricity storage medium (i.e. the batteries) were not 
involved at all. Instead of improving the storage medium itself, the partners focused on smart 
implementation and operation of the batteries. 

 

7.3.4 Learning 
Both for Grow-Ders and the Smart-Substation a primary objective was to learn and build practical 
experience with distributed storage technologies. In both cases, the innovative part was not the 
storage technology itself, but rather the way they were implemented and operated within the grid.  

Learning process: Grow-Ders 
Grow-Ders features temporary and transportable storage. Initially, this led to some difficulties with 
the transport of the lithium batteries, since they are subject to strict safety restrictions because of 
the highly inflammable nature of lithium. The learning process, therefore, included the measures 
that have to be taken to obtain the required transport permissions. [Interviewee 16, KEMA] 

Furthermore, lessons have been learned in ways to operate storage so that it potentially can provide 
different functionalities simultaneously. To provide investment deferral (i.e. congestion 
management) the storage system should be able to alleviate distribution grid constraints. For trading 
purposes, storage operation protocols have to be linked to market data. To cater for both 
functionalities an advanced Energy Management System (EMS) had to be developed. This EMS uses 
various input variables including energy price (forecasts) and real time technical measurements of 
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both grid and storage system variables. To optimize the EMS, control algorithms have been 
developed, tested and improved. The EMS also manages a portable Energy Storage Inverter (ESI) 
which is required for AC/DC conversion and to manage and improve power quality. The portable ESI 
has also been developed and tested for the Grow-Ders project. 

Besides innovations in transportation and operation of the Grow-Ders storage units, effort has been 
put into the development of a tool that can simulate the technical and economical effects of a 
specific storage unit at a specific location in the grid in advance. This tool, called PLATOS (Planning 
Tool for Optimal Storage), can be used to determine the ideal location and the specifications (e.g. 
energy capacity) for storage in a specific grid-section. PLATOS compares different solutions (i.e. 
combinations of storage systems and locations) by using an evolutionary algorithm: 

“In principle the algorithm generates a number of random storage solutions, which are then 
analysed and evaluated. The best solutions are selected and then used as the basis to create 
even better solutions. The process is repeated until the optimum storage solutions are found.” 
(De Boer, Gütschow, & Cremers, 2010, p. 3) 

PLATOS can be considered a spin-off project of Grow-Ders, since its usability is not limited to Grow-
Ders itself. In fact, KEMA, the developer of PLATOS, uses the same tool in several other commercial 
projects as well.  

Learning process: Smart-Substation 
The Smart-Substation is a research and pilot project that can be placed in a longer series of studies to 
decentralized operation of grids that contain distributed energy resources (primarily μ-CHP) and in 
some cases smart appliances and electricity storage. The central element within the Smart-
Substation design is the PowerMatcher, which controls the battery-manager and smart appliances 
and CHP-generators at end-users. The PowerMatcher can process both technical and economic 
(pricing) data. “The PowerMatcher technology is a result of a series of EU and NL-national projects. It 
was first developed in the EU project CRISP”. (ICT for Energy Efficiency 2009) The CRISP project, which 
lasted from 2002 to 2006, was a European consortium set up by ECN to develop an IT protocol to 
make power networks with a large amount of distributed energy resources more flexible. 13

“multi-agent system based methods for online integration and massive coordination, to 
compensate for the intermittent character of renewable energy supply, and to increase the 
value of added flexibility of storage, which achieve bottom-up rather than the usual 
hierarchical top-down optimization” (ECN, 2006) 

 One focal 
point of CRISP was the development of: 

The goal of the PowerMatcher was to realize this aim. The PowerMatcher was further developed in 
successor programs FENIX, which lasted from 2005 to 2009 (CORDIS, 2010) (FENIX, 2009a) and 

                                                             

13 CRISP is an FP5 program. For the official project description of CRISP, see http://cordis.europa.eu/search/ 
and search for “distributed intelligence in critical infrastructure for sustainable power” in the project listing. (A 
stable url is not available.) 

http://cordis.europa.eu/search/�
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INTEGRAL which lasted from 2007 to 2011 (INTEGRAL, 2011). Both FENIX and INTEGRAL were 
European projects. Among the functionalities added to the PowerMatcher are the capacity for 
hierarchical aggregation into Virtual Power Plants (VPP) and the application of standardized IT 
modules. In the field studies conducted in FENIX, (e.g. in the UK, Spain and the Netherlands) the 
PowerMatcher was applied to optimize the use of decentralized CHP units (FENIX, 2009b). Electricity 
storage was not included, but was considered to be able to provide additional value in combination 
with micro CHP. 

“It goes without saying that if the FENIX concept is economically sound for these DER sources 
this holds a fortiori when the focus is widened to include flexible demand and flexible electricity 
storage as well.” (FENIX, 2009b, p. 8) 

In line with this conclusion, electricity storage units were included in INTEGRAL and Smart-
Substation. Within INTEGRAL, a pilot called “PowerMatching City” in the Dutch municipality 
Hoogkerk was executed, which included 25 dwellings with µ-CHP. One of the buildings was equipped 
with batteries for electricity storage. An innovative step made in Smart-Substation, was to physically 
integrate the electricity storage unit in an MV/LV convertor station. 

Learning process: Conclusions 
Both in Grow-Ders and in Smart-Substation, we can see that the fields of information technology and 
power electronics get more integrated. This was also one of the trends found by interviewee 8 
[Agentschap NL]. Also interviewee 11 [Exendis] considers that: “innovation [in the field of electricity 
storage] focuses on system optimization by improving control algorithms”. Furthermore, the IT layers 
and algorithms have been improved to be able to process both technical and pricing data, either in 
real time or in forecast models. Both projects are primary meant as technical demonstrations.  

 

7.3.5 Co-development of niches: distributed electricity storage, distributed generation, 
demand side management and electric vehicles. 

A difference between Grow-Ders and Smart-Substation is that the Grow-Ders project focuses on 
electricity storage technologies while in the Smart-Substation project storage was just a part of a 
wider range of new technologies that were applied in a convertor station. Unlike Grow-Ders, Smart-
Substation attempted to integrate storage with decentralized generation and “demand side 
management” (DSM), including electric vehicles. Whether or not these other niches compete or 
reinforce each other, or develop independently, is not straightforward.  

At first sight, it seems that electricity storage benefits from distributed generation and demand side 
management. Many decentralized sources are “intermittent”, which means that their output cannot 
be planned in advance. This applies for decentralized wind and solar, but also for µ-CHP generators 
that are operated autonomously by the end-users. To compensate for these unpredictable factors, 
more systems that can provide energy balancing are required. As explained in Chapter 2.2, electricity 
storage systems can provide this functionality. Hence, the growth of decentralized energy sources 
appears to raise the chances for electricity storage. Likewise, DSM might improve the business case 
for electricity storage. The idea behind DSM is to make the demand of electricity more responsive to 
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the momentary and local scarcity of electricity and grid capacity. One way to organize demand side 
management is by making the electricity prices more flexible so that they better reflect actual 
scarcity. DSM, therefore, might result in “(near) real time” energy pricing. As explained in Chapter 
2.1, electricity storage can be applied to benefit from fluctuating price levels (buy electricity when it 
is cheap, store it, and sell it again when prices are higher). 

However, distributed generation and DSM (combined in one system) can also compete with 
distributed electricity storage technologies, depending on the way they are organized. In the Smart-
substation pilot, the outputs of µ-CHP units were influenced by the DSO (through the 
PowerMatcher). Therefore, in such a “smart grid”, the µ-CHP units can provide an alternative source 
of energy balancing and hence compete with distributed storage. Additional to DSM through smart 
CHP, DSM can work with “smart appliances”. This way, non time-critical electricity consumption can 
(within certain boundaries) be redistributed to more favorable moments. Examples of non time-
critical demand are: charging of electric vehicles, cooling and heating, laundry machines, and many 
industrial (batch) processes. Often, it does not really matter when exactly these processes happen, as 
long as the car battery is fully charged in the morning, the temperature stays between acceptable 
margins and the laundry machine (or any other machine) has finished before a pre-programmed end 
time. The smart appliances are managed through “smart agents” (i.e. software) that calculate the 
best times for appliances to start and stop. These calculations are based on pre-programmed end-
user preferences and boundary conditions, the current status of the appliance, and external data 
that reflect local and temporal scarcity which can either be price signals or technical status data. If 
smart appliances are managed well, this will level electricity demands and hence reduce the needs 
for additional energy balancing capacity. Therefore, DSM can also be considered to be competing 
with electricity storage.  

Electric vehicles (EVs) can influence the development of the distributed electricity storage niche in 
three ways. First, the development of EVs also stimulates battery development, which leads to lower 
prices. This can improve the business case for distributed electricity storage. (Even though a 
breakthrough of EVs combined with a limited capacity of battery production plants can temporarily 
raise the price of batteries.) Second, a fast proliferation of EVs may have an effect on the need for 
balancing capacity. If no special measures are taken, the need for energy balancing may rise since 
people are inclined to charge their EVs simultaneously after they get home after the evening rush 
hour, which already is a peak moment on the electricity demand curve. Therefore, different 
alternative schemes to charge electric vehicles are currently discussed. It is possible that some form 
of DSM with EVs will be mandatory so that EVs can gradually be charged over the course of the night 
and additional load peaks are avoided. If this functions smoothly it might reduce the demand for 
additional balancing capacity, and hence reduce the potential for separate electricity storage. In the 
most sophisticated case, it is even possible that EVs also discharge on the grid in times of (local) 
shortage of electricity or transport capacity14

                                                             

14 This concept is often called the “Vehicle to Grid” or “V2G”. 

. By then, EVs would have become mobile grid balancing 
electricity storage units. This, however, would require a significant transfer of autonomy (you might 
not be able to use your car for a long trip because its battery has been partly drained by the grid). 
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Also complex financial schemes would be required to take additional deterioration of the battery as a 
result of an increasing number of charge/discharge cycles into account. Third, the development of 
EVs might have a positive effect on electricity storage because of potential second life applications of 
EV batteries. Because batteries of EVs deteriorate over time, they have to be replaced at the point 
when their diminishing energy capacity has become unacceptable. For static, grid connected 
electricity storage, however, these batteries might still be suitable because the energy to mass ratio 
and the energy to volume ratio are far less important in static storage. When EVs proliferate, a large 
pool of pool of used batteries will develop. A second life application for these batteries can both 
improve the business case for EVs and for static electricity storage. 

Therefore, for the development of the distributed electricity storage niche, the effects of the DSM 
niche, the distributed generation niche and the EV niche are not straightforward. These niches may 
both hinder or nurture the electricity storage niche, depending on their future development. Table 8 
lists these possible effects of other niches in the electricity regime on distributed electricity storage.  

Table 8: Possible effects of other niches on distributed storage niche 

Niche + + + positive effects + + + - - - negative effects - - - 

Demand Side 
Management 

- Improves end-user incentives 
(“real” prices allow end-users 
to trade) 

- Competes with storage 
(energy balancing with 
smart appliances) 

Distributed Generation 

- More demand for energy 
balancing (Intermittent wind 
and solar and uncoordinated 
CHP feed in) 

- Competes with storage 
(energy balancing with µ-
CHP in DSM setting) 

Electric Vehicles 

- cheaper batteries (additional 
research, second life 
applications) 

- more expensive batteries 
(limited production 
capacity) 

- more demand for energy 
balancing (EVs all charged after 
rush our) 

- less demand for balancing 
(EVs gradually charged 
through the night) 

 

The uncertainty of the effects of the other niches is due to the uncertainties in their respective 
development trajectories.  

Demand side management, for example, is not straightforward because of two main difficulties. 
Firstly, the momentary price (or other scarcity indicator) has to be communicated to the end-user. 
Secondly, the end-user has to adapt his energy consumption based on changing electricity prices (i.e. 
the price elasticity of the electricity demand should be sufficient). Smart grids try to overcome these 
problems by using smart agents (i.e. software) that will make decisions about the energy 
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consumption. A central question, of course, is “who will program the agent and give it its mandate?”. 
Regardless the answer, balancing with smart appliances or µ-CHP always requires a (partial) shift of 
autonomy from the end user to a DSO or energy company. The resistance caused by the attempt to 
introduce smart meters shows that end-users do not automatically accept a situation where DSOs 
can monitor their real time energy use. One can imagine that a setting where DSOs not only monitor 
the energy use but also directly influence energy consumption will have to face more objections. To 
create sufficient end-user acceptance, financial incentives for end-users will be required, which, of 
course, affects the business case for DSOs and energy companies. Furthermore, even when a smart 
DSM system is installed, there is always a risk that end-users will deceive or sabotage the system 
when they feel their autonomy is violated and it is in their interest to do so. DSM with electric 
vehicles (EV) may be slightly easier because the introduction of EVs already requires behavioral 
adaptations for end-users. Still, the realization of DSM with EVs requires new legal, economical and 
technical (IT) routines that to a large extent still have to be designed and agreed on. 

Van Vlimmeren (2010) describes a number of these current institutional barriers that exist to for 
electricity storage applied in DSM provide ancillary services:  

- “A minimum of 5 MW unbalance power is needed” 
- “100% availability is required [and] a direct control by the TSO is requested” 
- “the current tariff structure [for DSOs] does not have the possibility of paying consumers 

for their contribution to the system services” 

Furthermore, Van Vlimmeren (2010) notes that as a result of the “high satisfaction level of 
consumers regarding the current electricity supply”, they are unlikely to accept changes that restrain 
their privacy and autonomy. 

The smart-substation pilot operates in the center of this procedural swamp, and aims to integrate 
electricity storage, distributed generation and DSM (possibly also with electric EVs). This is a clear 
form of co-development of these niches, even though the outcome is still unsure. Some of the niches 
may symbiotically blend together but it is also possible that they will split and compete with each 
other.  

The Grow-Ders project largely avoids this complexity by primarily focusing on storage. The spin-off 
projects that apply PLATOS show that independent development of the distributed storage niche is 
possible too.  

 

7.3.6 Conclusions 
The two distributed electricity storage cases described in this section show the fragility of the 
decentralized electricity storage niches. Both projects have a very limited scale, are dependent on 
governmental subsidies and have to face technical, legal and market infrastructures that are not 
adapted for distributed storage. In the Grow-Ders project electricity storage can primarily be 
regarded as extension of the current regime, even though some adaptations in the regime are 
required for an effective integration of storage technology. For Smart-Substation, the compatibility 
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problems apply to a much larger extent, since the storage technology is interwoven with other new 
concepts and technologies. Together with these other niches in the electricity regime (i.e. EVs, DSM 
and distributed generation) the aim is to realize a regime change into “smart grids”. 

The difference of the two projects and their successor programs is also reflected in their 
development patterns. The initiators of Grow-Ders concluded that current storage technology is 
economically and technologically feasible and aimed to demonstrate this. To further convince DSOs 
(their target group), the PLATOS tool is developed to show them how they can optimally benefit from 
storage. This way, decentralized storage can gradually proliferate into the regime. The development 
of storage within the Smart-Substation project is less straightforward because the focus in this 
project is on communication and control in the electricity system, rather than on storage technology. 

For gradual proliferation of storage, the main bottleneck for distributed electricity storage so far has 
been a lack of demonstration projects. Grow-Ders and Smart-Substation address this by actually 
building and connecting storage units to the grid. Still, many of the claims about the positive effects 
of storage are partly based on various computer simulations rather than on direct outcomes of the 
demonstration projects. 

For the development of storage within smartgrids, an additional bottleneck is a lack of standardized 
technical, legal and commercial protocols that are required for a regime change. While the 
participants of Smart-Substation developed a PowerMatcher agent control architecture, additional 
standards on markets and regulation have be to be agreed on. 

To foster both the visibility as well as to establish widely agreed on standards, a larger set of actors 
needs to be involved. Especially energy companies show a relative passivism. Currently, the niche is 
dominated by research institutions and consulting firms. These actors, however, have a tendency to 
approach the integration of electricity storage as an academic problem, while the main hurdles have 
a practical and organizational nature. To overcome these hurdles active niche management is 
required: the incentives to participate in storage should be made clear and organizational standards 
should be developed and if necessary aligned with developments in the EV, DSM and Distributed 
Generation niches. 
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8 Status and trends in grid connected electricity storage 
This chapter will answer research question 1. Furthermore, conclusions regarding the hypothesis of 
co-development of niches will be given. 
 
Research Question 1 

What is the current status of the field of grid connected electricity storage in the Netherlands 
and which current trends can be identified?   

 

8.1 Large scale versus distributed electricity storage 
We can conclude that large scale electricity storage in the Netherlands never advanced beyond the 
stage of a plan-niche. The dominant actors that were involved considered it too costly and therefore 
discarded the plan. Furthermore, alternatives like additional interconnector capacity and balancing 
with flexible CHP were considered to be more cost effective. Currently, both interconnector capacity 
and CHP are growing, while large scale electricity storage in the Netherlands is hardly even discussed 
anymore. 

Distributed grid connected electricity storage, on the other hand, is still part of the debate on the 
future of the electricity system and is tested in a number of pilot projects. Nevertheless, the size of 
the distributed electricity storage niche is limited and actual investments are low. The primary actors 
are DSOs, research institutions and academics but the niche lacks a strong driver. Energy producers, 
consumers, traders, TSOs, governments and even the storage technology industry display a relative 
passivism with respect to grid connected storage. In general, commitment and momentum are 
limited. 

 

8.2 Supporting trends and barriers 
In chapter one, five trends that are supporting to electricity storage were introduced: (1) decreasing 
battery prices, (2) increasing amounts of non-dispatchable generation, (3) the anticipated 
breakthrough of electric vehicles, (4) increasing research funds, and (5) the perceived responsibility 
among DSOs to implement innovations in the electricity system.  

The relative slow pace of development of the storage niche however, reveals that a number of 
barriers must be present as well. Based on the multi level analysis four barriers can be identified. 
First, there is large unfamiliarity in the electricity regime with the functions that electricity storage 
can provide, as is illustrated by the quotes at the very beginning of this report. Second, even though 
battery prices are declining, the costs of electricity storage are still high. Third, recent investments in 
(interconnector) grid capacity reduce the need to level peak transmissions, which is one of the 
functions that can be provided by electricity storage. Fourth, the regulatory framework is does not 
support for electricity storage: there are no markets for most ancillary services, distribution and 
transmission costs are socialized, there is legal obscurity since storage is not explicitly mentioned in 
the electricity law and it is unclear if the law that prescribes full ownership unbundling will be 
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revoked or not. Furthermore, it is unclear for TSOs and DSOs if and how they should balance social 
responsibility and (long term) profits.  

 

8.3 Testing the hypothesis of “Co-development of Niches” 
In a specific regime, often multiple niches are present that potentially may alter the regime. So far, 
multi level analyses regarded the development of niches in conjunction with regime dynamics and 
landscape trends. This report aimed to add the interaction between various niches as explanatory 
element in the multi-level analysis. 

Hypothesis 

Different niches within a specific regime will co-develop if the functions provided by the niches 
supplement, facilitate or overlap each other: their internal niche dynamics are intertwined and 
their chances to mature are interdependent. 
 

Both the case of large scale electricity storage and distributed electricity storage support the 
hypothesis of co-development of niches. In the large scale electricity storage niche, explicit 
references were made to wind energy in the process of voicing and shaping expectations for large 
scale electricity storage. Since these positive references were not reciprocated, co-development 
occurred in the form of one-sided dependence and eventually halted. In the case of distributed 
electricity storage, also the process of creating a conductive network and the learning process of 
electricity storage are intertwined with the internal dynamics of other niches. In the Smart-
Substation project, DSM and electricity storage are integrated in a single “smart-grid” architecture 
and is developed by a single group of actors. In the Grow-Ders project the ties to other niches are 
less strong, but in the process of voicing and shaping expectations the involved actors do refer to 
distributed energy sources as primary driver for Grow-Ders. 

Note, however, that co-development does not necessarily imply a linear process of (mutual) 
reinforcement; niches may support as well as hinder each other. This is illustrated by the various 
modes in which the demand-side management niche, the distributed generation niches and electric 
vehicle niches can have both positive and negative effects on the grid connected electricity storage 
niche. 

While it is apparent that co-development of niches occurs in the electricity regime, little is known 
about the nature and general characteristics of co-developing niches. Future research to multi level 
interactions in different regimes with multiple (potentially interacting) niches might lead to more 
insights in this complex process. 
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9 Scenarios about the future of grid connected electricity storage 
 

This chapter will answer Research Question 2 by providing four scenarios. 

Research Question 2 

Which developments in the field of grid connected electricity storage can be expected in the 
Netherlands? 

 
By applying Table 2 (on page 16) a number of scenarios can be constructed based on (1) the 
magnitude of the landscape pressure, (2) the availability of niches, (3) the nature of interaction 
between regime and niche. Based on the MLP analysis, a number of conclusions concerning these 
factors can be given. Since we concluded that large scale electricity storage has little potential, we 
will focus on the development options for distributed electricity storage. 

 

9.1 Implications of Landscape - Regime - Niche interactions 

9.1.1 Landscape pressure 
Regardless the conservative forces in the electricity regime and civil society that stabilize the 
electricity regime, various landscape trends that pressure the regime to change. The resistance 
against the dependence on fossil fuels which is present in politics and civil society is significant. As a 
result more intermittent generation capacity is being installed. The existing mechanisms to maintain 
grid balance, however, are widely considered to be adequate to accommodate more intermittent 
generation, even though additional investments will be required.  The trend towards more European 
coordination, furthermore, implies that markets and regulations will increasingly be harmonized 
across Europe. Together with increasing interconnector capacity, this leads towards a single 
European electricity market. As long as the European electricity market functions reliably and cost 
effectively, end-users will remain passive. However, if increasingly informed and vocal end-users get 
the impression that the way the electricity system functions is not in their best interest this may lead 
to initiatives to organize the electricity supply locally. 

9.1.2 Availability of niches 
Next to the niche of decentralized grid connected electricity storage, which is currently in an early 
stage of development, several other niches are present in the electricity system which potentially can 
develop and become part of the regime. Distributed generation (wind, solar and CHP) is growing 
steadily but can still be considered niches. Furthermore, there is much research conducted in the 
field of smart grids and demand side management, which resulted in a number of pilot projects. Also, 
an eventual breakthrough of electric vehicles, which are currently a niche, will have an impact on the 
electricity regime.  

9.1.3 Interaction between niche and regime 
The nature of interaction between these niches and the regime is not straightforward, since the 
regime is very heterogeneous and the attitudes towards the different niches vary too. The tension 
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between profit seeking and social responsibility among DSOs and TSOs is a major source of 
uncertainty concerning the future support or obstruction of niches. The niches are primarily run by 
regime actors and research institutions. The involvement of regime actors might, in theory, foster a 
smooth introduction of niche practices into the regime. However, the question remains to which 
extent the innovation departments of the regime actors influence the corporate strategy. 
Furthermore, the scholarly approach of academics and research institutions involved in the niches 
may not be effective to accomplish actual regime change. End-users so far have been passive but 
may become an important factor if their interests are challenged. 

9.1.4 Interactions between niches 
The niches present in the electricity regime can co-develop in several ways. Electric vehicles and 
smart grids form a logical combination because large amounts of EVs will significantly increase peak 
loads if not charged in a smart architecture. Furthermore, EVs can be easily charged with significant 
peak reducing effects in a relatively simple smart grid architecture (at home, distributed over the 
course of the night, for a single night tariff) but may also provide additional network or end-user 
benefits in a more complex smart grid (at multiple locations, with variable pricing and possibly V2G). 
In the V2G setting EVs would factually function as mobile grid connected electricity storage units, 
located at the end-users, which can both charge and discharge to the grid. In such a setting the 
technical, legal and financial protocols would be present to also allow for stationary electricity 
storage at the end-user without any additional difficulties. Stationary electricity storage at sub-
station level, however, does not depend on complex demand side management protocols and 
therefore is easier to implement.  Distributed generation requires additional balancing capacity and 
therefore increases the value of sources of balancing capacity like grid connected electricity storage. 
Distributed generation at the end-user, furthermore, requires more end-user involvement, which can 
also open doors for demand side management. Storage in combination with DG at end-users is 
attractive if the differences between day and night tariffs for end users are large enough. 

 

9.2 Selection of transition paths and the resulting scenarios 
As a result of the multi-level interactions, several transition pathways are possible, which lead to 
different scenarios about the developments in the field of grid-connected electricity storage. By 
considering the various transition paths of Geels and Schot (2007) we can distinguish between the 
pathways is which grid-connected electricity storage can develop within the electricity regime: 
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P0 - Reproductive process: no transition occurs, the regime is stable.  
In this pathway the pressure from the 
landscape is not sufficient to destabilize the 
electricity and force it to change.  This implies 
that: (1) distributed generation sources can be 
integrated without requiring changes to the 
regime, (2) electric vehicles may proliferate, 
but if this is indeed the case they do not affect 
the structure of the electricity regime, (3) 
gradual harmonization of the electricity 
regimes across Europe continues without 
providing opportunities for the electricity 

storage niche, and (4) end-user involvement 
stays marginal. This process will be described 
in Scenario 1.  

 

 

P1 - Transformation process: the regime actors reorientate and modify the regime.  
In this pathway a modest landscape pressure 
forces the regime actors to reorientate; niches 
that can function within the regime without 
requiring a radical regime change will be 
accepted in the regime. This implies that: (1) 
integrating increasing amounts of distributed 
generation and electric vehicles is technically 
problematic or expensive, (2) opportunities 
for grid connected storage that do not require 
radical regime changes arise, (3) gradual 
harmonization of the electricity regimes 
across Europe continues without providing 

additional opportunities for the electricity 
storage niche, (4) end-user involvement stays 
marginal. This process will be described in 
Scenario 2.  

 

 

P2 - De-alignment and re-alignment pathway: the regime disintegrates and eventually a 
new regime will form.  
In this pathway a fierce landscape pressure 
destabilizes the regime while the niches are 
not mature enough to provide a stable 
solution.  This implies that (1) the regime fails 
to integrate increasing amounts of distributed 
generation or electric vehicles in a cost 
effective and technically reliable way, (2) 
gradual harmonization of the electricity 
regimes across Europe does not provide an 
adequate solution, (3) dissatisfied end-users 
will be increasingly active in the electricity 

regime, (4) a combinations of niches that can 
provide a solution will eventually replace the 
regime. This process will be described in 
Scenario 3.  
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regime 

niche 

landscape 

regime 

niche 

landscape 

regime 
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P3 - Technological substitution: a competitive niche replaces the regime  
In this pathway, a fierce landscape pressure 
destabilizes the regime and a competitive 
niche takes advantages of this window of 
opportunity. In a complex system like the 
electricity regime, however, a competitive 
substitution process is not possible without 
de-alignment in the regime.  Therefore, this 
transition path is not suitable as basis for a 
separate transition-scenario of the electricity 
regime. 

 

 

P4 - Reconfiguration pathway: a symbiotic niche merges with the regime 
In this pathway, a fierce landscape pressure 
destabilizes the regime and a symbiotic niche 
takes advantages of this window of 
opportunity. This implies that the same 
destabilizing factors apply as in P2, but that 
the “winning” set of niches are mature 
enough to allow them to merge with the 
existing regime, rather than replace it. This 
process will be described in Scenario 4. 

 

 

P5 - Sequence of transition pathways:  a sequence of transition pathways takes place  
In this combined pathway, P1 is followed by P2 , p3 or p4 as a result of a gradually increasing landscape 
pressure. While very possible, this sequence does not add new dynamics that were not already 
introduced in the previous transition pathways. Therefore, the combined pathway is not reflected in 
a separate scenario.  
 

9.3 Scenarios 
Based on transition paths P0 , P1 , p2 and p4, four different scenarios for the development of grid 
connected electricity storage are possible. The scenarios include the transition path leading up to the 
scenario and have a time horizon of roughly 10 years. The scenarios are presented below.  
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Scenario 1: Grid connected electricity 
storage stays marginal  
Scenario 1 is based on P0: reproductive 
process. No transition occurs; the socio-
technical regime is stable. The landscape 
pressure is not strong enough to destabilize 
the regime and he niche has no chance to 
mature.  

Assumptions:  
- Landscape: little external pressure, 

Europeanization is the most important 
external trend 

- Regime: increase in DG is modest, regime 
has little difficulties to adapt 

- Niche: EVs proliferate, but their impact on 
the regime is limited; battery prices keep 
falling 

 

Interactions between technological and societal change 
Increasing amounts of non-dispatchable electricity generation mean that more balancing capacity is 
required. TSOs respond by building more interconnectors to reduce the aggregated volatility in 
electricity supply and demand and to allow for increased access to PHES systems in Scandinavia and 
the Alps. Increasing harmonization of technical protocols, electricity trading systems and market 
regulations lead to a European electricity system, with EU bodies of energy regulators (ACER) and 
TSOs (ENTSO-E) as primary actors. The physical integration and capacity expansion of the European 
electricity grids lead to a so called European wide “copper plate”: the transmission capacity is 
sufficient to prevent congestion and no longer restrains transnational electricity trade. This means 
that the electricity production will be allocated to the most cost effective generation sites at any 
given moment. For end-users not much will change: they continue to take the availability of 
electricity “for granted”.  

Development patterns of the relevant niches 
The development patterns of the niches in the electricity regime will vary significantly. Electric 
vehicles will gradually become more common and eventually replace the combustion engine as 
primary mode for personal transport. As a result, residential electricity demands and the demand for 
balancing capacity will increase. The relative slow pace of the transition to electric transport, 
however, will provide enough time to construct the required grid and generation capacity upgrades.  

Distributed generation will also increase but mainly in the form of gas fired CHP peak-load power 
plants at industrial sites or in large greenhouses, which will be operated commercially and with direct 
access to the electricity markets. Solar-PV will remain relatively expensive and without subsidy most 
end-users will not be interested to install them on their houses. Wind power will continue to grow, 
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but local public resistance against wind farms will restrain this growth to a pace that does not disrupt 
the incumbent balancing practices in the electricity regime. 

DSM will largely fail because end-users are content with status-quo and reject all proposed changes 
that limit their privacy or autonomy or introduce additional costs. Furthermore, regulatory barriers 
and insufficient financial incentives will discourage DSOs and energy companies to continue to invest 
in DSM. After a number of DSM-pilots primarily organized by DSOs, they will drop the concept. 

Likewise, the electricity storage niche will not develop but remains a niche. While batteries will 
continue to develop, the financial and IT systems that are required to operate the storage systems 
cost-effectively will form a bottleneck. A lack of regulatory reforms and uncertainty about the 
activities DSOs and electricity companies may legally deploy with respect to electricity storage will 
prevent the development of protocols to apply electricity storage. TenneT, which has an interest in 
balancing through additional interconnector capacity, will not use its dominant position in the 
electricity regime to introduce adaptations to the reserve capacity markets and IT standards in ways 
that are favorable for distributed electricity storage. 

Interaction between niches 
The gradual proliferation of electric vehicles and increasing amounts of wind power will increase the 
difference between day and night time electricity tariffs. A number of EV-owners, however, will 
voluntarily apply a simple time switch to charge their EVs with cheaper night power, and hence limit 
the increase of the peak demand. This voluntary behavioral response to actual scarcity levels, 
together with increased access to foreign PHES, will partly counteract the destabilizing effects of EVs 
and wind energy and will limit the additionally required balancing capacity and the increment of the 
price difference between day and night time electricity prices. The regime, therefore, can continue to 
function with the incumbent practices. As a result, smart-grids and DSM, therefore, have little 
chances to develop and become part of the regime. 

Market take-up 
Grid connected electricity storage will stay a niche, with UPS as main function and primarily used to 
shield sensible loads from outages. A wider market take-up does not occur. There is no powerful 
driving actor behind the niche that can demand that regulatory barriers are removed. Effective 
marketing for electricity storage, therefore, is not possible. The battery industry will continue to 
focus on their primary markets: batteries for consumer electronics and in a later stadium also electric 
vehicles. Grid connected applications will be limited to UPS for sensible loads, like hospitals and data 
server centers. Outside of the Netherlands, grid connected storage may continue to develop in 
isolated areas (like remote Islands) and areas with weak grids, mainly in developing countries. 
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Scenario 2 - Electricity storage as 
temporal solution 
Scenario 2 is based on P1: transformation 
process. The regime actors reorientate and 
modify the regime. The landscape pressure is 
modest: only symbiotic niches have a chance 
to develop and become part of the regime. 

Assumptions:  
- Landscape: modest increase in fossil fuel 

prices 
- Regime: regime actors invest in sustainable 

generation 

- Niche: EVs, DSM, DG and storage are ready 
to become part of the regime; battery 
prices keep falling 

 

Interactions between technological and societal change 
Rising prices for fossil fuels and worries about the dependence on oil and gas producing countries 
and climate change result in a strong growth of wind power and to a lesser degree in solar power. A 
consequence of the increasing amounts of intermittent electricity generation is that more balancing 
capacity is required. Furthermore, large spatial differences between wind power generation sites and 
loads result in increasing demands for transmission capacity. This tendency is present in many 
European countries. New (cross border) transmission capacity is being built, but since this is a time 
consuming process, it cannot keep up with the additional transmission demand. Therefore, 
congestion will occur on various grid elements, especially on interconnectors, and will be a major 
concern for regime actors. As a result of transnational congestion, a “single European electricity 
market” cannot develop, as trade is restrained by a limited availability of transmission capacity. 
National governments get more directly involved in the congestion problem, as they fear that a 
reliable and cheap electricity supply can no longer be guaranteed, which will severely harm the 
economy. To solve the congestion, distributed electricity storage will be applied in the Netherlands. 
By “peak-shaving” transmission demands, congestion will be reduced. The government will remove 
regulatory barriers for the operation of storage by network operators. Both the government and civil 
society will pressure TenneT, the DSOs and electricity companies to invest in additional balancing 
capacity, including storage. “Social responsibility” will be a main driver for to TSOs, DSOs and 
electricity companies to invest in storage. By investing in electricity storage, additional distributed 
peak generation capacity, additional transmission capacity and interconnectors to foreign PHES and 
elementary forms of DSM, the congestion will be manageable. From the perspective of consumers, 
therefore, not much will change, except for a moderate increase of the electricity prices. Also from 
the perspective of TenneT, the DSOs and the government, no radical changes in the regime will 
occur: electricity storage has been accepted as temporary solution to solve congestion but the 
expanding grid capacity is still a dominant heuristic.  
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Development patterns of the relevant niches 
The niches of electric mobility, distributed generation, demand side management, and distributed 
electricity storage will all develop as a result of rising fossil fuel prices and congestion. Electric 
vehicles will become more popular because gasoline prices severely increase. Electric mobility has 
lower costs per kilometer since the well-to-wheel efficiency of electric vehicles is better than those of 
cars with a combustion engine.  

The significant growth of large off-shore wind parks will primarily be realized by constructing wind 
parks in the North Sea. The opposition against wind farms, coming from nature organizations who 
consider the casualties among birds unacceptable and civil society that considers the wind-mills to be 
visually obtrusive, is  not strong enough to counteract the economic and geopolitical drivers and the 
climate change related pro-arguments. 

To provide additional balancing capacity, more distributed peak-load power plants will be installed. 
This will primarily be (bio-)gas fired CHP plants, operated by energy companies who use them to 
make profits on the secondary control and intra-day markets. Alternatively, they can be run by 
agricultural or industrial actors with a heat demand. 

DSM will develop in an elementary form. TenneT will contract more shiftable loads which will be 
switched-off in times of congestion. As a result of the congestion problem, the prices that will be 
offered will be lucrative enough for a large number of industrial actors to participate in congestion 
management programs. Furthermore, the significant price differences between day and night time 
electricity will pressure end-users to charge their EVs at night. 

Electricity storage, finally, will develop and become part of the regime. Their primary function will be 
congestion management. Since congestion is a responsibility of grid operators, TSOs and DSOs will be 
the driving actors behind the development of the electricity storage niche. However, they will 
consider storage as temporal solution which is only required to bridge the time it takes for the new 
grid infrastructure to be constructed. Therefore, developments in storage solutions will focus on 
issues as transportability and reducing the required construction times for electricity storage 
systems. Depending on the scale of the required storage system, various battery types will be 
applied, including NaS, Redox-flow and Li-ion batteries. Furthermore, electricity storage can be 
applied for dedicated storage to integrate wind power. These storage systems will be operated by 
the wind owners to reduce connection costs and to make the output of the aggregated system easier 
to manage and hence more valuable in electricity trading. 

Interaction between niches 
Wind energy and electric vehicles develop as a result of increasing economic, political and 
climatological disadvantages of fossil fuels. As a result congestion occurs and more balancing 
capacity is required, which in turn boosts electricity storage, distributed peak-load power plants and, 
to a lesser extent, DSM.  

Market take-up 
Because TSOs and DSOs are not allowed to trade electricity, energy companies for formally own and 
the electricity storage systems. Since solving congestion is the primary responsibility of the TSOs and 
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DSOs, they will contractually hire “distribution peak shaving capacity” from the energy companies. 
The energy law, which currently does not cover storage and leaves room for interpretation, will be 
adapted to allow these legal constructions, provided that the TSOs and DSOs act transparent and 
non-discriminatory towards the electricity companies. Preventing congestion will be a prominent 
factor in the quality assessments of the TSO and DSOs, organized by office of energy regulations. 
Since these quality assessments determine the fees that TSOs and DSOs may charge, they will have 
incentives to contract the energy companies to provide the required transmission peak shaving. 
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Scenario 3 - Electricity storage in a 
patchwork of smart microgrids 
Scenario 3 is based on P2: de-alignment and 
re-alignment. A fierce landscape pressure 
destabilizes the regime. EVs, DSM, DG and 
storage will continue to develop and shape a 
new regime. 

Assumptions:  
- Landscape: strong increase in fossil fuel 

prices 
- Regime: regime actors are passive, end-

users take initiative 

- Niche: EVs, DSM, DG and storage 
eventually replace the regime; battery 
prices keep falling 

 

 
Interactions between technological and societal change 
A strong and continuing rise in fossil fuel prices shocks the electricity regime. This leads to high 
electricity prices, which makes wind and solar power increasingly competitive and proliferate 
steadily. Similarly, electric vehicles, which have a superior well-to-wheel efficiency, will proliferate 
fast. The high energy prices, however, do not result in a significant reduction of the electricity 
consumption because the price-elasticity of the electricity demand is very low. On the contrary, there 
will be a strong increase in the demand for electricity as a result of the proliferation of EVs. This 
increase in demand, as well as the switch to intermittent power sources leads to both congestion 
problems in specific grid sections as well as to system wide balancing problems. As a result, the 
electricity prices will be very volatile and severe congestion management measures need to be taken 
by DSOs and TSOs to prevent overloads in certain grid sections. Industrial electricity consumers are 
paid large sums of money to limit their electricity consumption when it is required, while at other 
moments wind power needs to be curtailed. Since these congestion management expenditures are 
socialized, this leads to even higher electricity prices. New entrepreneurs start to exploit various 
large battery systems and trade on intra-day markets to benefit from the high volatility in intra-day 
electricity prices. The incumbent electricity producing companies object, since they are still obliged 
to take part in the primary control without any form of compensation, while these new actors, 
without any production, only participate in the highly lucrative intra-day markets. Furthermore, 
these storage entrepreneurs may cause more congestion, because they have no incentives to take 
congestion issues into account because the incumbent energy trading system is independent of 
location. 

Different actors will propose various solutions. Many academics argue that congestion can only be 
solved cost effectively by introducing nodal or zonal pricing. Many energy producers, however, 
consider this to be unfair and stress that prior investments have been made with long time horizons. 
TenneT, backed by other TSOs and the European Commission, focuses on grid expansion and will 
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claim that both congestion and price volatility can be solved by upgrading (transnational) grid 
infrastructures so that a European common electricity market can be established. They argue that 
foremost a relaxation of bureaucratic procedures that prevent fast grid capacity expansions is 
required. Also, they will object nodal or zonal pricing systems, as they fear those systems would 
compete with their ambitions of grid expansion and Europeanization. Because they are a key actor 
and because they will be backed by a number of electricity producers that have an interest to 
maintain a uniform pricing system, TenneT will be able to block nodal and zonal pricing by claiming it 
would be too complex to implement. DSOs will suggest a smart grid infrastructure with demand side 
management systems under their control to provide balancing and congestion management. End-
users, however, will reject this. They fear that the smart grids will introduce even more costs and that 
they will have to pay for the smart meters, smart appliances and the communication infrastructure 
without seeing the benefits. Also the end-users will fear that they will be switched off in time of 
congestion, or be otherwise restrained in their autonomy and privacy. Instead, large industrial end-
users opt to manage their own electricity supply, and are later joined by groups of cooperating 
medium and small enterprises and residential end-users.  

Development patterns of the relevant niches 
Smart microgrids, often including storage, will gradually develop as result of a bottom-up process. 
Large industrial end-users will be the first actors that increasingly invest in local generation capacity. 
This will enable them to continue business operation in times when they have to reduce the 
consumption of electricity from the grid as part of the congestion management agreements. 
Furthermore, they use their generation capacity as private peak-load power plants to avoid peak 
energy prices. Likewise, smaller businesses in an industrial area will cooperate and jointly invest in 
production capacity. At this moment, consulting firms will develop protocols for smooth, agent based 
cooperation between the participating firms and assist them set-up and operate their “micro-grid”, 
which nevertheless remains connected to the main grid. Initially, (bio)gas fired CHP generation will 
be the main source of electricity. Later, when fossil fuel prices have increased even more, wind and 
solar, combined with local battery systems will be dominant. The electricity production in the 
microgrids would be competitive because: (1) large reductions will be realized in transportation and 
distribution costs, including congestion management costs, (2) additional savings come from co-
generation and optimization of heat and electrical power use, and (3) solar-PV power can be 
generated, which is relatively cheap as result of rising fossil fuel prices. The storage systems used for 
balancing and trading would be operated by the electricity company that acts as aggregator and 
balance responsible party.  

Interaction between niches 
The niches of electricity storage, distributed generation, electric vehicles and demand side 
management largely complement each other and will co-develop and jointly replace the incumbent, 
centrally organized, regime. EVs and intermittent energy sources are cost effective compared to the 
fossil driven equivalents, but increase the need for energy balancing, which can be provided by 
electricity storage and smart control of residential appliances and industrial processes. 
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Market take-up 
An essential characteristic of the market take-up of the niches is that it will happen in a voluntary, 
bottom up process which leads to a regime transition. Energy companies, acting as aggregators, 
together with building cooperatives and DSOs will copy the smart grid concept used in the industry 
and apply it in new residential quarters. Thereafter, they will offer existing house-owners various 
options to participate in different smart-grid cooperatives that are active within their municipality. 
Depending on the preferences of the end-users, they can choose for a relatively simple cooperation 
with pooled solar storage and a relatively high flat electricity tariff, or for a more complex system 
with real time varying prices, which can be lucrative in combination with smart appliances that adapt 
their energy consumption accordingly. Also in terms of the applied financial schemes, various options 
will be present. Some aggregators will require initial investments in solar PV and (shared) storage. 
Other aggregators will supply solar-PV in a lease construction without requiring prior investments but 
with higher variable costs. Participating in a smart-grid cooperation will not be mandatory. Most 
people, however, will participate to save energy costs. 
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Scenario 4 - Electricity storage in DSO-
organized smart-grids 
Scenario 4 is based on P4: reconfiguration 
pathway. The niche merges with the regime 
through symbiosis as a result of a fierce 
landscape pressure.  

Assumptions:  
- Landscape: strong increase in fossil fuel 

prices 
- Regime: DSOs take initiative 

- Niche: EVs, DSM, DG and storage are ready 
to become part of the regime; battery 
prices keep falling 

 

Interactions between technological and societal change 
Increasing price levels of fossil fuels result in high electricity prices and more distributed generation. 
To save money, many end-users install μ-CHP generators or solar panels. In some areas this leads to 
congestion problems for DSOs, which have difficulties to process the large amounts of electricity that 
end-users put on the grid at peak hours. Also the peak loads caused by the proliferation of electric 
vehicles will cause problems for DSOs. The DSOs consider that simply upgrading grid capacity is not a 
timely and not an efficient solution and propose a smart-grid infrastructure. Under the current 
regulation, however, DSOs are not allowed to make decisions about the allocation of electricity, since 
this is should be left to the market of electricity suppliers and consumers. As an alternative, the DSOs 
propose a system where they are allowed to redistribute non time-critical electricity consumption to 
more favorable moments through a combination of DSM and sub-station storage. To prevent a 
disruption in overall energy balancing, the DSM-algorithms applied by the DSOs will be public to 
allow energy companies to include the effects of DSM in their electricity supply and demand forecast 
models. Furthermore, charging and discharging electricity storage units by DSOs will lead to 
additional disruptions in system balance if not accounted for. Therefore DSOs will request to be given 
the status of authorized balance responsible parties, which allows them to participate in electricity 
markets to utilize storage for congestion management. In this lobby, the DSOs will be supported by 
academics and the research institutions that are developing the necessary smart-grid protocols.  

As a result of this lobby, the national government will agree to revise the electricity law to allow 
DSOs to act as balance responsible parties, but will also impose a number of restrictions to prevent 
abuse by DSOs of their monopoly position as grid operator. A first restriction that will be imposed to 
prevent unfair competition is that the market activities of DSOs should be directly related to their 
activities as distributor: DSOs will not be allowed to own generating capacity or loads. This does not 
include storage (which will be allowed) and dissipation through “grid losses”. Second, DSOs will be 
obliged to take part in primary control, related to the amount of DG in their grids. This will be a 
demand from the energy companies who consider it unfair that they have to provide all the primary 
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control without any compensation while this can also be provided by decentralized generation. 
Taking part in the secondary control for DSOs is optional. Third, DSOs will not be allowed to compete 
in electricity markets. Therefore, DSM and electricity storage may only be operated to provide 
primary or secondary regulation or to minimize congestion and grid losses and the operation should 
always be based on technical, pre-approved indicators and not on electricity price levels. Therefore, 
trading is restricted: DSOs may only participate in wholesale electricity markets to compensate grid 
losses and to compensate time-shifts in electricity flows resulting from the use of electricity storage. 
Finally, the requirements for DSOs to act non-discriminatory with respect to end-users and energy 
companies will remain unchanged. 

The increased volumes of DG will reduce congestion on the transmission grids. To further reduce 
congestion, investments are made in (international) grid capacity. After a debate, a system of nodal 
or zonal pricing is rejected because it is too complicated to implement and considered not to be 
necessary. 

Development patterns of the relevant niches 
Demand side management will be organized by DSOs to optimally reduce congestion in distribution 
grids, but, to prevent market interference of DSOs, the financial implications would be for the energy 
companies that provide the electricity to the end-users. This solution is sub-optimal from a system 
perspective because DSOs are forced to ignore the financial implications when they utilize storage or 
DSM. On the other hand, it is a practical solution because it prevents monopoly power abuse by 
DSOs. Furthermore, the energy companies will not protest since the financial implications are 
typically positive because DSM levels the demand curve and hence allows for a more efficient 
utilization of generation capacity. For end-users, participation in DSM will be required if they have 
electric vehicles or (CHP-) generation. End-users participating in DSM will get a fixed discount on their 
transmission fees. The structure with a single tariff or a fixed day and night tariffs per kWh of 
consumed electricity will remain unchanged. In the more severely congested distribution grids 
additional participation, e.g. with smart appliances or storage, will be possible on a voluntary base 
for additional discounts, or even net-payments from the DSO. 

Electric vehicles will proliferate as a result of increased gasoline prices. Improvements in battery 
technology result in a practical driving range and make EVs a competitive alternative. EVs will be 
gradually charged through the course of the night and will be equipped with a special plug to prevent 
immediate charging. End-users that want their cars to be charged immediately have to pay an 
additional fee to the DSOs. When the capacity of the car batteries increases, however, the 
advantages of this option decline.  

Distributed electricity storage units would be controlled by DSOs and can either be installed at a 
substation or at the end-user in a DSM infrastructure. Especially in areas with much DG, electricity 
storage will be used by DSOs for congestion management and investment deferral. 

Interaction between niches 
The common factor between the various niches (electricity storage, EVs, DG and DSM) is that they all 
will function in a DSOs controlled smart-grid. Therefore, the DSOs will be the central actors and will 
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manage the development of the IT and technical protocols. While the regime largely stays intact in 
terms of markets and transmission grid operation, the set of niches makes its way into the regime on 
the distribution level. 

Market take-up 
Since DSOs are the ‘managing’ actors, they will determine the pace of the market take-up. After the 
regulatory changes have given the DSOs the opportunity to implement a smart-grid infrastructure, 
the DSOs will jointly decide on the smart-grid standards and protocols that will be used, basing 
themselves on the experience from a limited number of pilot projects and the protocols used in 
these projects. Therefore, the implementation of the smart-grid infrastructure will happen 
nationwide.  
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9.4 Conclusions 
The development of electricity storage is largely dependent on additional landscape pressure on the 
electricity regime. If the landscape pressure does not increase, it is likely that electricity storage stays 
a niche technology. If the landscape pressure increases, for example as a result of rising prices for 
fossil fuels, electricity storage may develop, but the way it will be implemented highly depends on 
which actor group takes the initiative to invest in the niche. Since in the Netherlands decentralized 
electricity storage has more potential than large scale centralized storage, DSOs are more likely to act 
as the drivers of the niche than TSO TenneT.  

If DSOs and the other regime actors fail to keep electricity prices levels at acceptable levels, the end-
users may take the initiative and reorganize the electricity regime. End-users are a significant power 
factor in regime transitions. While often perceived as unknowledgeable, they are well aware of their 
interests and their stance is often decisive. Especially demand side management programs can only 
succeed if actively supported by sufficient numbers of end-users. 

The different scenarios show that also the regulatory framework to a large extent determines the 
development pattern of the electricity regime. The current regulation aims to improve efficiency 
through competition driven innovation, but for systemic innovations the regulation itself needs to be 
adapted. Especially electricity storage and demand side management protocols require important 
regulatory adaptations. A well organized lobby, therefore, is essential for actors that aim to 
administer a transition in the electricity regime. 

Regime changes, however, are notoriously hard to design. Academics and research institutions try to 
look for the most efficient solution with a neutral view. By doing so, however, they disregard the 
limitations inherent to the current regime structure. A number of theoretically optimal concepts, like 
nodal pricing, V2G, and DSM in general, are therefore very complex to realize in practice. Every 
stable solution, therefore should acknowledge the peculiar characteristics of electricity supply 
system including: the monopolistic nature of grid assets, the tension between economic optimization 
and technical system stability and limited incentives of individual actors to invest in system security. 

The way the different niches active in the energy regime co-develop also determines the functions 
that can be provided by the storage system. The most likely functions for electricity storage, 
depending on the scenario, are UPS, congestion management, investment deferral, and energy 
balancing. To make this possible, however, more financial incentives to use storage, regulatory and 
operational coordination and actual investments in grid connected storage technology are required. 
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10 Recommendations to KEMA 
 

KEMA has acquired a broad knowledge-base in the field of grid connected electricity storage, both in 
Europe and in the US. Therefore, a market take-up of electricity storage would be in the interest of 
KEMA, since it will increase the demand for KEMAs expertise. KEMA, therefore, could try to position 
itself as a central and driving actor in the electricity storage niche.  

By focusing on the three internal niche dynamics15

Creating a conductive network: 

 as used in Strategic Niche Management, KEMA 
can advance electricity storage. That way scenario 1, which offers little opportunities for KEMA, can 
be prevented. Scenario 2 and 3 offer KEMA a number of additional business opportunities. In 
Scenario 2, KEMA can fully use its knowledge gained in the GROW-DERS project and continue to 
advice about storage solutions for congestion management. Often, however, storage would be the 
second choice, because in Scenario 2 DSOs still favor expanding grid capacity. In Scenario 3, storage 
will be applied on a much wider scale, but since this scenario is end-user driven, KEMA would have 
difficulties finding a market for their expertise, since end-users are typically not part of their client 
base. Scenario 4 will be most lucrative for KEMA, because in this scenario, storage fully develops 
while the incumbent regime actors, which are already part of KEMAs client base, stay in the center of 
the regime. Scenario 4, therefore, can act as a target scenario. 

To create a conductive network, several key-actors should be brought together to find a consensus. 
These key actors include:  

- “Netbeheer Nederland”, which represents the DSOs 
- The national government, especially the ministry of economic affairs and NMa-Energiekamer 
- “De consumentenbond”, which represents consumers 
- Battery manufacturers 

Based on their specific needs and by stressing the advantages of storage, and by referring to existing 
pilots they should be convinced to accept and to invest in storage in combination with a smart grid 
architecture. Netbeheer Nederland is important to develop technical and IT standards, the 
government is important to develop the accommodating regulatory framework and De 
Consumentenbond is important to foster public acceptance. The aim should be to create supportive 
consortium that contains all key-actors. 

Voicing and shaping expectations 
To make the possible advantages of storage more concrete, a specific scenario with features similar 
to Scenario 4 can be sketched. Furthermore, KEMA can offer to develop roadmaps and feasibility 
studies for specific cases. Not only the advantages of storage should be stressed, but also the 

                                                             

15 The niche dynamics are: “creating a conductive network”, “voicing and shaping expectations” and “learning”, 
see Chapter 3 for more details. 
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potential dangers of not-investing, e.g. increasing costs and decreasing system stability. Potential 
clients here are DSOs and the ministry of economic affairs. 

Learning 
The most of the business opportunities will be in the learning processes as KEMA can be hired to 
streamline the technical as well as the legal and financial aspects of the changing regime. Services 
that KEMA could advertise are: 

- Regulatory advisory 
- Developing financial schemes 
- Development of standards of hardware and in communication protocols  
- Project management of pilots 
- Testing 
- Licensing 
- International coordination 

Potential clients here are: the ministry of economic affairs, DSOs, the APX and energy companies. 

Co-development of niches 
The electricity storage niche is heavily intertwined with other niches in the electricity regime, 
including electric vehicles, distributed generation and demand side management. Since KEMA is 
involved in the other niches as well, KEMA can use its position in the other niches to create business 
opportunities for storage. Therefore, the storage specialists of KEMA should closely work together 
with teams involved in wind, DSM and electric vehicles to add a storage component to existing 
projects and practices. This way, the strong position KEMA has in other areas can lead to more 
storage projects. Likewise, KEMA should stress the relevance of its activities in the other niches in 
existing storage projects to try to create more business opportunities. 

Concluding remarks 
Focusing on a specific scenario has the advantage that the resulting strategy is coherent and that the 
message that KEMA broadcasts to its clients is clear. By offering step-by-step transition management 
to the regime actors, KEMA does not have to make much initial investments and therefore limits its 
risks. This is also in line with the consensus among KEMA experts on electricity storage, which was 
voiced during an internal expert meeting. A disadvantage, however, may be that KEMAs neutrality 
gets compromised or that trends that point towards a different scenario are missed. Therefore, it is 
crucial to take network building and expectation management just as serious as the learning 
processes. The ties to the key actors (including the end-users) therefore should ideally be as short as 
possible to raise the chances that the target scenario is still the preferred scenario of the clients and 
that it has sufficient support from civil society. Nevertheless, the power of KEMA within the 
electricity regime is limited. Therefore, it is possible that the electricity regime develops in the 
direction scenarios that are sub-optimal for KEMA. Therefore, organizational flexibility is required to 
cope with the uncertainties of the developing electricity regime.  
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Interview with Erik van Engelen, Essent 7 Jan 2010 
 

Activities of Essent 

Essent has been involved with two studies to large scale energy storage with pumped hydro-
electricity storage: OPAC and Energy Island. 

OPAC 

OPAC is a plan for underground pumped hydro-electricity storage. This is an old plan developed in 
the '80s by an independent entrepreneur called Jan Huynen to build a 1400 meters deep water 
reservoir in a solid stone layer in Graetheide near Born in the south of the Dutch province Limburg. 
This cavity can be used as an energy storage system. Energy can be stored by pumping water out of 
the reservoir. The energy can be made available again by having the water flow back: the falling 
water drives a water turbine and generator and thereby produces electricity. 

In 2007 Essent, together with Nuon revived the plan and had engineering firm Royal Haskoning look 
into its feasibility. They estimated that the costs for OPAC would be a total of around 1.8 billion 
Euros. First calculations lead to a NPV of -500 mln. This amount could be paid by the Dutch 
government, spread over 10 years for the general (not commercial) benefits: an improved grid 
security and flexibility, which is hard to express in terms of an economic value. Essent sees at the 
moment a number of barriers for OPAC. First, drilling the cavity is complicated, and there is little 
experience with similar projects, which implies technological risks. Second, government support is 
required but unsure. Besides the 500 million that is required as a subsidy to the project, the 
government should also design legislation that allows the companies that would invest in OPAC to 
appropriate the benefits. Therefore, the governmental energy policy should explicitly include and 
recognize electricity storage as desirable. Until this happens, the risks will be too high for private 
parties to invest in large scale electricity storage. For instance, when the government would opt to 
increase the interconnection strength, the business case for electricity storage might be gone. Essent 
expects the chance that the OPAC will actually be built to be less than 15%. Currently, Essent 
together with the other major energy companies and the Dutch Energy Council ordered a report with 
KEMA which looks into the advantages of large scale energy storage compared to the alternatives. 
This report, depending on the outcomes, may convince the government to provide funds for and 
long time securities OPAC. 

Energy Island 

Essent also has been involved with an alternative plan for large scale electricity storage called: Energy 
Island. This project would also be based on pumped hydro-electricity. With dykes, a 4000 hectare 
closed lake would be formed inside the North Sea. Similar to OPAC, energy could be stored by 
pumping water out of this artificial lake and could be made available again by having inflowing water 
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drive a turbine and a generator. Essent however, considers the Energy Island plans to extremely 
unlikely to become reality. The major reasons are the great technical difficulties and the related very 
high costs and uncertainties. 

Research 

Essent has little direct research contacts with battery manufacturers. Essent does not participate in 
storage technology development, but may consider new technologies when they are presented. 
Before investing in storage technology, Essent needs clarity about long term energy policies of the 
national government as well as well as proven and cost-effective technologies. 

Visions Essent 

Electricity storage can help to integrate wind energy (above 6 GW) and to increase the flexibility, 
reliability and cost-efficiency of the electricity-system. As a buffer for emergency situations, it might 
not be so effective, because that would require a very large storage capacity that would not be used 
for most of the time, which is not cost-effective. Furthermore, benefits of large scale storage projects 
would likely go to TenneT, which can use it to increase the safety of supply. 

In the vision of Essent, distributed storage has more potential than large scale energy storage. 
Decentralized electricity storage might profit from improved battery technology that is developed for 
electric vehicles. Batteries at the end-user, controlled by Essent, will provide options for demand side 
management. This can be very lucrative, as it enables Essent to run their power plants more 
efficiently and to make additional profits at the 'imbalance market' for imbalances in time areas of 15 
minutes. 

Large capacity interconnections, however, may provide serious alternatives for energy storage build 
in The Netherlands. Using storage capacity in other countries could possibly be an interesting 
alternative. 
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Interview with Gijs Postma, Eneco,  Jan 19, 2010 
 

Electricity storage related activities of Eneco 

Eneco does not have base load production capacity but primarily uses wind energy to generate 
electricity. Together with the other major energy companies and the Dutch Energy Council, Eneco 
ordered a report with KEMA which looks into the advantages of large scale energy storage compared 
to the alternatives. Apart from that, however, their involvement with electricity storage is fairly 
limited. 

Barriers 

Eneco considers a number of barriers for electricity storage:  

- Firstly, the price is still too high and the number of cycles is limited. Therefore, more 

technical research is required.  
- Secondly, the current market model for small end-users does not allow them to benefit from 

electricity storage. Apart from day and night tariffs, small end-users pay a fixed energy price. 

This means that even if they would have an energy storage system, they would not be able to 
benefit from price fluctuations. To solve this, the market model for end users should be 

changed to allow for more price differentiation over the course of the day. Furthermore, 

smart meters should be installed. 

- Thirdly, there are alternatives for electricity storage provided by generators or fuel cells 
which also could be applied as emergency backup. Time will tell if electricity storage can 

compete with these alternatives. 

- Fourthly, there is no need for electricity storage to provide grid stability because the current 

situation with peaker plants works adequately. This, however, may change when the amount 
of connected wind power increases. 

Expectations for the future 

Electric vehicles are expected to break trough, even if it may take 5 to 10 years. As a result, battery 
technology may improve, since more driving range is required for the electric vehicles. Research to 
batteries used in consumer electronics may also reduce the price of grid connected electricity 
storage.  

Furthermore, Eneco expects that future energy markets will also imply more price incentives for 
small end-users. This also may take 5 to 10 years, since an ICT-infrastructure that allows for smart 
metering should be introduced together with a new market structure with more variable pricing. This 
would require consensus between energy companies and the government, which is a time 
consuming process. 
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Whether or not grid connected electricity storage will be able to compete with the alternatives is 
unsure. Eneco considers it not possible to predict if decentralized or centralized electricity storage 
will break through. 
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Interview with Jan Maas, DELTA,  Jan 15, 2010 
 

Electricity storage related activities of DELTA 

DELTA has been involved with large scale energy storage through the "Energy Island" research 
project. This project entailed a plan to artificially construct a pumped hydro site. With dykes, a 4000 
hectare closed lake would be formed inside the North Sea. A study to look into the technical and 
economical feasibility the Energy Island was ordered by the joint energy producing companies and 
carried out by KEMA. Since the Energy Island was to be built in Zeeland, the province in which DELTA 
is the primary energy provider, DELTA was the energy producer which was involved with this study 
from the beginning. DELTA does not question the technical feasibility of this plan and refers to 
companies like BAM and Ballast Nedam as companies who would be able to build this island. 
Nevertheless, the commercial value of storage capacity is limited and does not make up for the 
prospected costs of the Energy Island project. Therefore, only if the government is willing to invest in 
the Energy Island it can become reality. DELTA, however, does not expect this to happen, unless 
other functions can be added to the Energy Island. Currently, the Dutch government is not willing to 
subsidize large scale energy storage, mainly because a report by TenneT, the national TSO, 
considered it unnecessary for grid stability. That was the reason that DELTA, together with the other 
major energy companies and the Dutch Energy Council, ordered a report with KEMA which looks into 
the advantages of large scale energy storage compared to the alternatives.  

As the smallest of the energy producing companies in the Netherlands, DELTA does not consider it 
their role to lead in electricity storage related innovations. Centralized large scale storage is too 
expensive, and their clients so far do not ask for decentralized electricity storage solutions. 

Research in the energy sector 

Many different actors are involved in research to the future of the electricity system. The Energy 
Council advises the government in aggregate terms about the preferred energy mix and security of 
supply. ECN gives advice to the ministry of economic affairs (EZ) on specific (sustainable) 
technologies that could be beneficial. SenterNovem is an agency of EZ that sponsors research 
projects that are often co-financed by the energy companies like DELTA and executed by companies 
and institutions like Eindhoven University of Technology, Delft University of Technology, TNO, ECN 
and KEMA. 

Visions DELTA 

DELTA considers electricity storage systems primarily useful for asset optimization. Base load plants 
now have to be able to increase or decrease their output by 1% in 30 seconds (primary control), and 
to provide reserve power within 15 minutes (secondary control).Therefore they cannot run at full 
capacity and  do not operate in the most efficient way. Storage systems can allow the generation 
capacity to run at optimal efficiency by taking care of the primary frequency control by charging or 
discharging when required. Because of the increasing amount of wind power in the grid, the UCTE 
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may decide to increase the percentage of the primary control. Besides the primary control, DELTA 
expects that storage systems can be applied for the secondary control to partially substitute spinning 
reserve capacity. Other positive attributes of energy storage are the leveling effects on the energy 
price and the support it can provide to integrate wind energy. Since large scale energy storage is still 
quite expensive, DELTA expects more from distributed storage related to the electric vehicles. When 
the electric vehicles break through, which is expected by DELTA, their batteries will represent an 
enormous potential for electricity storage. Since these batteries will be produced anyway, it is more 
likely for car batteries than for centralized systems (with high additional costs) to provide grid 
connected electricity storage. Distribution system operators will probably also choose for 
decentralized storage as part of Smart Grid systems. Their primary benefit is to defer investments. 
TenneT, on the other hand, sees more in extending European interconnections.  
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Interview with [Interviewee 4], Alliander 8 Jan 2010 
 

Storage (related) activities of Alliander 

Alliander is involved in a number of projects that involve energy storage: 

Bronsbergen holiday park is a micro-grid with in total 315 kW installed solar-PV, distributed over 108 
cottages. It is a flexible pilot project and different tests have been done with energy storage in 
flywheels and batteries, both centralized and decentralized. This has resulted in a stable micro-grid 
that is able to operate in a stable and autonomous way, which means that the frequency regulation 
operates without traditional inertia. In this project, Alliander partners, with VSync and DEVs and has 
received European subsidies. 

"De Weilandproef" is an initiative of Gasterra and various Dutch distribution grid operators to 
simulate the effects of an energy producing neighborhood. In this project 50 micro-CHPs have been 
installed and tests with flywheel storage have been conducted. No subsidies were For this project, no 
subsidies were received. More info with Jan Bozelie. 

Intelligent Home Systems (IHS) are modules developed by Alliander which provide end-users the 
opportunity to manage their energy-use. Based on consumer preferences, energy price-data, and 
technical specifications and states of the connected modules, the IHS optimizes the use of the energy 
system. IHS can work with electricity, natural gas and heat and can be connected to various 
components including: energy storage modules, electric vehicles, 'smart household appliances', solar 
panels and micro CHP-systems. End users can program their IHS to operate in line with their 
preferences by logging on to it with their computers. Alliander wants to distribute the IHS-modules 
through public housing agencies and through retail channels. Initially, only customers with a special 
interest in energy technology are expected to have an interest in IHS modules, but [Interviewee 4] 
expects that this group will gradually grow, just like the group of people with a PC grew in the '90s. 
The plan is to test the IHS in June 2010 by installing it in 2000 houses. By the end of 2010, it should 
be available through retail channels. 

For the IHS, Alliander partners with Home Automation Europe, Prodrive, EATON-Holec and Eleq. 

Smart Substation is a pilot project of a substation with advanced sensors and electricity storage 
facilities, initiated by Alliander. According to [Interviewee 4], however, storage at substation level is 
less effective than storage at end-users. 

Innovative structure of the energy sector 

According to [Interviewee 4], there are few incentives to innovate in the energy systems. Energy 
companies and grid operators are passive and conservative. The norm to avoid risks is dominant and 
blocks entrepreneurial spirit. Research institutes like ECN, TNO, and (to a lesser extent) KEMA are 
only interested in doing research and not in implementing innovations. TenneT wants to stick to 
centralized control of the energy grid. Considering storage, regulations are underdeveloped and 
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unclear, resulting from a lack of knowledge among civil servants and politicians. So far, politicians, 
however, have not raised additional barriers for electricity storage.  

The future of energy storage 

According to [Interviewee 4], storage technologies can best be implemented in "smart-grids with 
distributed intelligence". Especially the frequency regulation should be executed at end-user level 
and decentralized storage units can aid to that. Cheap and small storage units suitable for end-user 
applications will become widely available in the form of second hand batteries of electric vehicles. 
Even though conservative forces in the energy field like to keep the power and the profits out of the 
hands of the end-users, the end-users will take more control over the energy system and will 
participate in generating, storing, buying and selling electricity and balancing the grid. 
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Interview with Jos Blom, Alliander, 04 Feb, 2010 
 

Activities of Alliander 

Alliander is involved in a number of storage related projects: 

- Weilandproef  

- Bronsbergen  

- Smart substation 

- Grow-Ders 

- Explorative storage strategy study with KEMA: "All Store" 

 
Incentives for Alliander 

Alliander considers a number of functionalities of storage including: trading, peak shaving, 
investment deferral, reduction of distribution losses and power quality improvements. Trading is 
considered the most lucrative use of electricity storage, especially in the market for regulating and 
reserve capacity. Trading on the APX or bilateral trading can supplement this. 

Under current law, the possibilities for network operators to trade are limited. However, it is possible 
that electricity law changes to provide more options to implement electricity storage. A joint-venture 
with a trading partner is also considered as an option. Alliander has not yet decided what to do with 
the various storage options and currently explores various storage strategy options.  . 

Development 

No technical storage options are ruled out: both large centralized systems and small decentralized 
storage technologies are considered. The latter, however, might need some more time to become 
feasible 

Alliander considers three steps which are to be taken before they can implement storage 
technologies. 

1. mapping current technological options with storage technology and trends in development 

2. designing a business case 

3. create demonstration sites to build practical knowledge 

Partners 

Storage technologies, if implemented, will operate within complex technological and organizational 
systems. Therefore many stakeholders will have to be involved in this developmental process. Within 
this circus, Alliander might operate within "Netbeheer Nederland" (the Association of Energy 
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Network Operators in the Netherlands). Furthermore governmental bodies like Office of Energy 
Regulation (Energiekamer) that operates within the Netherlands Competition Authority and the 
Netherlands Ministry of Economic Affairs will play an important role. KEMA is also a key-partner in 
their storage related activities. 
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Interview with [Interviewee 6], TenneT,  March 22, 2010 
 

TenneT 

TenneT is the network operator of the electricity grids in the Netherlands that operate at 110 kV or 
above. TenneT typically works with a seven year time horizon to indicate bottlenecks in the 
transmission system. Because of its central place in the electricity system TenneT regularly advises 
the national government, which is 100% shareholder of TenneT.  

Research projects to storage 

TenneT took part in a number of storage related researches including a study to the connection costs 
of OPAC and Energy Island. This study was part of larger research project by the Sustainable Energy 
Supply Transition Platform and looked into the added value of large scale electricity storage in the 
Netherlands. Furthermore, TenneT took part in EWIS (European Wind Integration Study), a joint 
research project of 15 European TSOs. In this study electricity storage is considered as one of the 
possibilities to provide flexibility to the grid, which is required to balance the grid when large 
amounts of wind generation are installed. Other sources of flexibility could be: distributed (micro) 
CHP, heat storage, flexible loads (demand side management) or peaker plants like combined cycle 
gas turbine plants (CCGT). Furthermore, interconnectors to neighboring countries can increase the 
access to traditional pumped-hydro electricity storage, for example in the Alps or in Norway. The 
EWIS study is completed, but it will take until May or June 2010 before the final report will be 
publicly available. Both the study by the Sustainable Energy Supply Platform and the EWIS study 
conclude that large scale electricity storage is relatively expensive compared to increasing the 
capacity of interconnectors. Furthermore, additional flexibility in the Netherlands is not required per 
se to integrate up to 10 GW of wind power. 

Concerning distributed electricity storage within smartgrids, TenneT has a PhD student looking at the 
options for TenneT. As of this moment, Smartgrids are considered to be a potentially very powerful 
concept to integrate distributed generation and electric vehicles. So far, it has been primarily DSOs 
(distribution system operators) who are active in this field. 

Options for TenneT to use storage 

Under the current legislation, it is not likely that TenneT will own or operate storage facilities in the 
near future. Trading is considered to be the main functionality of storage systems, and current 
competition laws do not allow TenneT to trade electricity. Electricity storage can also be used to 
provide ancillary services to the grid (e.g. reserve capacity and frequency regulation), but if electricity 
storage would solely be used for these services, it would be very expensive compared to CCGTs. 
However, it would be possible that TenneT would buy ancillary services from market players who 
operate a storage facility. Dedicated storage used to reduce the required capacity of the grid 
connection is considered relatively expensive in transmission grids. In distribution grids, this option 
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seems more feasible. For offshore wind parks, however, it is the wind owner that has to pay for the 
additionally required infrastructure to connect to the grid. 

Focus on European integration of the electricity system 

The number of interconnectors with neighboring countries is increasing rapidly. NorNed, BridNed, 
the COBRA-Cable and the Doetinchem-Wesel interconnection are all interconnector projects that are 
being studied, are under construction or have been completed in recent years. Besides the physical 
integration of the European electricity networks, the European Commission wants the TSOs to set up 
an integrated European electricity market. The energy markets of the Netherlands, Belgium, 
Luxembourg, Germany and France are already partly integrated in a Central West European energy 
market (CWE) and progress is made to integrate the (day-ahead and intra-day) electricity markets on 
a European scale. However, the differences between countries in how the electricity systems are 
organized are still significant. The Dutch system, which works with private Program-Responsible 
Parties, is entirely different than, for example, the German system. However, systems similar to the 
Dutch system are gradually getting more common in Europe. 
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Interview with Imar Doornbos - Ministry of Economic Affairs of The Netherlands (EZ), Jan 
25, 2010 
 

Studies to electricity storage 

In June 2006, the "Sustainable Electricity Supply Platform" was established as part of a larger Energy 
Transition project which had been initiated by six Dutch ministries in 2001. The Sustainable Electricity 
Supply Platform is a cooperative project between government, industry, knowledge institutions and 
special interest groups and aims to develop transition pathways to a sustainable electricity supply. 
Within the Sustainable Electricity Supply Platform, a study was undertaken by "projectgroep 
Grootschalige Elektriciteitsopslag" (taskforce large scale electricity storage). In February 2008, a 
report was issued titled: "Onderzoek naar de toegevoegde waarde van grootschalige 
elektriciteitsopslag in Nederland" (Research to the added value of large scale electricity storage in 
the Netherlands). An important question in this study was to what extent electricity storage capacity 
would be required in order to integrate the expected growth of installed wind capacity (assuming 
interconnection linkages as foreseen by TenneT to be in full operation by 2020).  

In this study several alternatives (CHP, NorNed2, CAES, Energy Island and OPAC) were compared. 
Based on 40 scenarios and 30 sensitivity analyses, conclusions of this report were that: 

- electricity storage is not required for a proper operation of the high voltage grid, because the 
grid configuration would be able to facilitate 10 GW of additional wind in the situation of 

proposed interconnection linkages being in full operation) 

- electricity storage may provide a viable business case for utilities 
- electricity storage will have a negative impact on CO2 emissions (because of energy 

conversion losses and a partial replacement of peak load gas generation by base load coal 

generation) 

A point of criticism to this report (expressed by KEMA and Royal Haskoning, two companies which 
were involved in developing and evaluating electricity storage technology) were on the assumed 
existence of an efficient European electricity market (2020) given (a) the correlation of wind 
resources in the NCE region and (b) lack of efficient cross border electricity exchanges. 

Related studies are: 

- a study executed by KEMA that looks at the advantages of large scale energy storage 

compared to various alternatives; this study is ordered by the larger utilities in the 

Netherlands earlier involved in the PAC and OPAC initiatives. 

- the European Wind Integration Study, which looks at wind integration on a European scale. 
This study is executed by the joint European TSOs and sponsored by the European 

Commission. 



Appendix A: Interviews with stakeholders in the field of electricity storage 

 

103 
 

Both studies are expected to deliver their final report shortly. 

Relations with other actors 

- ECN – ECN is the "house consultant" of EZ. ECN is involved in all energy related projects of EZ 
and was also participating in the electricity storage study (2007). 

- TNO – regarding energy policy, the contacts between EZ and TNO are limited 

- The Dutch Energy council – This general energy council advises the government about all 

energy related issues, inter alia also on required future generation portfolios 
- KEMA – is an external consultant that advises in several energy related projects. Currently, 

KEMA is doing a study which looks into the advantages of large scale energy storage 

compared to the alternatives. Their objectivity is not disputed. 
- Agentschap NL – is an executive agency of EZ. They administer energy innovation subsidy 

funds and are secretary of the Sustainable Electricity Supply Platform. They have to stick to 

the policy directives of EZ and do not develop independent visions. 

- TenneT is the transmission system operator and is fully owned by the Dutch national 
government. TenneT, the Dutch competition authority (NMA) and the national government, 

together form a triangle that is responsible for security of supply, fair competition and 

openness for innovative initiatives. This structure is being implemented EU wide. 

Visions about electricity storage 

Currently, EZ does not have a consistent vision on the future of electricity storage. The options for 
decentralized electricity storage are considered to be limited. Instead, CHP (WKK) is considered more 
likely to become more prevalent. The impact of the electric vehicle on the generation portfolio and 
the demand for electricity is also unsure. The amount of offshore wind energy will continue to 
increase. EZ has reserved € 4.5 billion for financial support for offshore wind for the next 950 MW in 
ROUD 2. This will be used to increase the installed capacity of offshore wind generation towards the 
6000 MW in the objective for the year 2020. A reduction in volatility of the energy price (which might 
be the result of applying electricity storage technology) is not a specific policy goal. Instead, there is a 
focus on security of supply, the average energy price, and environmental effects of the electricity 
chain. For the security of supply, electricity storage is not considered necessary in the near future. 
The effect of storage on the energy price is likely to be negative (because it is still too expensive) and 
the effect of storage on the environment is certainly negative (because storage enables polluting 
base load generation capacity to substitute relatively less polluting peak load plants). 

Regulatory barriers to electricity storage 

Legislation will not be a barrier. If storage technology is considered desirable, legislation will be 
changed if necessary.  
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Interview with Olivier Ongkiehong,  Agentschap NL  Jan 28, 2010 
 

Activities of Agentschap NL related to electricity storage 

Agentschap NL (NL Agency) is an agency under the Dutch Ministry of Economic Affairs and consists of 
five divisions, two of which are involved with electricity storage. 

- NL Energy en Klimaat – EOS   

(NL Energy and Climate – Energy Research Subsidy) 

- NL Innovatie – IOP EMVT 

(NL Innovation – Innovation-oriented research program Electromagnetic Power 
Technology) 

These two divisions subsidize and support research and development in order to realize a sustainable 
energy supply, to stimulate innovation and to improve the Dutch knowledge position. It's not the 
task of these divisions to voice a vision about preferred solutions, but rather to stimulate promising 
ideas. 

EOS is a subsidy program for various energy research and development (R&D) projects. One of these 
projects, "RedoxFlow", is a research project on the area of redox-flow battery systems and is 
coordinated by KEMA. Other research projects subsidized within EOS are about new electricity grid 
options and partially also include new concepts on how grid connected storage can improve the 
stability of the electricity supply. 

IOP EMVT is a subsidized research program and can be seen as technological top institute that looks 
into electromagnetic power technology. Within this program, research is done to intelligent grids and 
autonomous grids. In these concepts, storage technology is an important option to provide flexibility. 
To test different grid concepts, the Flex Power Grid Lab was opened in April 2008. This lab is the 
result of a public private partnership between KEMA, ECN (on behalf of the technical universities) 
and Agentschap NL (on behalf of the Ministry). 

EOS process 

Agentschap NL issues a few times per year calls for R&D proposals. Calls for long term energy 
research proposals under EOS have specific themes in the energy field. The electricity storage 
technologies have been considered until 2010 to be an "import theme" under EOS. This implies that 
projects on the area of storage technologies include international partners in their consortiums in 
order to import knowledge from abroad and to research the applicability of the storage technology in 
the Netherlands. More knowledge about this theme is available in other countries then in the 
Netherlands. From 2010 EOS does not subsidize research of individual storage technologies, but does 
support concepts on how grid connected storage improves the stability of the electricity supply. 
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Consortia, furthermore, are asked to provide a strategic vision in which the research proposal is 
embedded. This strategic vision should provide the big picture about the road to the innovation, the 
effects of the innovation and how it would be put in practice. Therefore, the consortium should be as 
broad as possible, and preferably also include (potential) end-users. 

Chronologically EOS programs go through the following stages: 

- call for R&D proposals issued by Agentschap NL. 
- before and after each call applicants are welcome to discuss their project ideas with 

Agentschap NL, who advises about the content and the consortium 

- research proposals are submitted and judged by a committee on behalf of the Ministry of 

Economic Affairs (Energie Advies Commissie). 
- if the proposal is accepted, the research consortium receives a confirmation. 

- the research consortium delivers one or two periodic reports per year about the progress of 

the research project and receives payments in advance of the establishment of the subsidy 

after the project has been finished. Furthermore, Agentschap NL visits the consortium once 
per year. 

- once the project has been finished, a final report is delivered by the consortium and the 

subsidy is established by Agentschap NL. This report is published on the website of 
Agentschap NL. 

The subsidy funds once granted are made available in phases. Once the subsidy funds are granted, 
the research program is monitored from a distance. Agentschap NL considers that research projects 
that receive subsidy are executed in a professional way. If a consortium needs to implement its 
project on a different way or if the intended deliverables, according to the proposal, change as a 
result of changing circumstances around the project, the consortium can ask Agentschap NL to agree 
with the changes.  Agentschap NL agrees in most cases with the changes and confirms them. 
Agentschap NL can demand that the subsidies have to be paid back if the research has not been 
executed in accordance with the proposal without the consent of Agentschap NL. This seldom 
happens, for example when projects cannot be implemented as a result of a decision of the 
consortium partners themselves or in case of a (threatening) bankruptcy. 

For industrial research and experimental development which are typically conducted by companies 
the provided subsidies typically account for 50% (industrial research) and 25% (experimental 
development) of the costs. These costs are based on hour rates and costs for materials and third 
parties. Agentschap NL considers that companies also have to invest their own money in to these 
R&D projects which gives some guarantees that the project is a business opportunity and enters the 
market within a certain time. For more fundamental research, typically executed by universities, the 
EOS subsidies can cover up to 100% of the project costs. 

Involved Actors 
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Actors receiving EOS subsidies for storage (related) projects include: universities, research 
institutions like ECN and TNO, storage technology industry, power electronics industry and network 
operators. Network operators are increasingly active in this field, while electricity companies are less 
frequently part of tendering consortiums. While the Ministry of Economic Affairs provides the money 
for the subsidy programs, Agentschap NL operates largely independent with respect to the 
implementation of the subsidy program. When subsidy programs are designed, however, the 
important actors from the energy field are invited to give their voice about the most effective way to 
allocate these funds. To some extent, the EOS subsidies overlap with European subsidies provided 
within the European Framework Programs. On the area of electricity grids and electricity storage the 
current Framework Program  FP7 focuses more on demonstration projects.  

Trends in electricity storage 

Trends that are recognized are: 

- The embedding and integration of technologies are becoming more important. The 
"PowerMatcher", as developed by ECN and already used by a number of industrial partners, 
can integrate different components like micro CHP or electricity storage units on a distributed 
level.  

- Power electronics and ICT get more interconnected. 
- The attention for storage is growing, and an increasing number of partners cooperate in 

storage projects. 
- Electric vehicles and distributed generation improve the business case for electricity storage. 

Alternatives 

Increased international interconnections and hydrogen (storage) systems are considered a possible 
alternative for electricity storage. It is likely that in the future multiple technologies will work parallel. 
Different electricity storage technologies, operating on different scales, may each be part of the 
future mix. 

Regulation 

The current regulation is designed to operate the infrastructure as cost effectively as possible, but is 
not ideal for innovation. Under the current regulation, distribution network operators are not 
allowed to make decisions about the allocation of electricity, since this is should be left to the market 
of electricity suppliers and consumers. However, within the innovative concept of "smart grids" 
which is currently discussed, grid operators will optimize the allocation of electricity based on smart 
meter-data and the preferences of their clients. This means that storage units which may be installed 
at end-users, for example, will be charged and uncharged at "smart moments". The end-users may 
set boundary conditions, but within these boundaries, the grid operators will decide about the 
allocation of electricity. Such an active role for network operators or maybe for new future parties, 
that are non-existent today, is currently not allowed. Therefore, the current regulation of the 
electricity sector has to evolve together with the opportunities from the technology and the 
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sustainability trends in the society. Electricity storage is considered to be one the important 
opportunities. 

To be able to test the smart grid concept, exemption from the current regulation in small 
demonstration areas and experimenting new forms of regulation could offer an additional chance for 
the energy transition. Exemptions from current regulation, however, are currently not easy to 
realize. The national taskforce on smart grids, inaugurated at October 1, 2009, also has the task to 
look at regulative barriers. The energy market is regulated by the Office of Energy Regulation 
(Energiekamer) which operates as a chamber within the Netherlands Competition Authority (NMa). 
The Energiekamer also discusses its regulative proposals with the Netherlands Energy Transition 
Platform. 
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Interview with [Interviewee 9],  NMa-Energiekamer (Dutch Competition Authority, Office 
of Energy regulation),  March 25, 2010 
 

Electricity storage and regulation 

Electricity storage is not explicitly defined or considered In the Electricity law (Elektriciteitswet 1998) 
and the technical codes. The Office of Energy Regulation within the Netherlands Competition 
Authority (NMa-Energiekamer), however, currently sees no regulatory barriers for electricity storage. 
A storage connection is considered to be not fundamentally different than other connections with bi-
directional electricity flows. Therefore, private trading parties are free to utilize electricity storage 
techniques. Transmission and distribution system operators, however, are not allowed to compete 
on electricity markets and therefore may not use electricity storage facilities for these purposes.  

EnergieNed, the Association of Energy Producers, Traders and Retailers in the Netherlands, recently 
asked NMa-Energiekamer to make their interpretation of the electricity law regarding electricity 
storage more explicit. NMa-Energiekamer, however, currently prefers to consider storage projects or 
proposals on a case-by-case basis, because electricity storage so far is virtually non-existent in the 
Netherlands. At this moment, NMa-Energiekamer considers electricity storage to be a non-issue.  

Innovation in the electricity sector 

Although the different grid operators do not compete on a single market, a competitive environment 
is simulated by NMa-Energiekamer by means of benchmark-competition. Grid operators are natural 
monopolists whose tariffs are set by the NMa-Energiekamer. The levels of these tariffs are based on 
a benchmark comparison in which both the cost-effectiveness and the quality of their services (i.e. 
the absence of black-outs) are factors that are taken into account. For TenneT, the benchmark is the 
average score of a pool of European TSOs. For DSOs, the benchmark is the average score of all DSOs 
in the Netherlands. NMa-Energiekamer considers this regulation model to be effective and is content 
with the current balance between competition and cooperation between the different DSOs. 

On October 16, 2009, NMa-Energiekamer held a consultation with market parties to hear how the 
incentives to innovate within current regulative framework for distribution and transmission network 
operators are perceived. Their conclusions of this consultation were that within the current 
regulatory framework, the incentives to innovate are sufficient. 

Developments 

NMa-Energiekamer has identified a number of important developments in the electricity sector. 
First, decentralized generation and decentralized feed-in are increasing. So far, this has happened 
without accommodation provided by storage technologies. Second, there is a trend towards more 
time-varying price incentives for end users. This trend is related to the installation of smart electricity 
meters at end-users. Third, there is a bill accepted by the parliament to prioritize 'green' energy in 
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times of congestion. The bill still has to pass through the senate, which will discuss the bill on April 
20, 2010.  



Appendix A: Interviews with stakeholders in the field of electricity storage 

 

110 
 

Interview with Frans Thoolen, CCM Nuenen  January 15, 2010 
 

Activities of CCM, related to electricity storage 

CCM (Center for Concepts in Mechatronics) does R&D in the field of mechatronics, primarily for 
customers. Next to that, they have a number of "own" research projects to new technologies in pre-
commercial stage, including advanced steel and carbon-enhanced composite flywheels. Since 20 
years, CCM designs these flywheel systems and produces prototypes for testing purposes. 

These flywheels are used for short term energy storage, typically operating at cycle times of seconds 
to several minutes. Compared to other energy storage alternatives, flywheels can be positioned 
between super capacitors and batteries in terms of energy and power density as well as typical cycle 
time. The main functions flywheels can provide are energy recovery and peak power shaving as well 
as Uninterrupted Power Supply (UPS). The flywheels of CCM have been applied in a number of 
demonstration projects, all focusing on peak power shaving, energy recovery and autonomy mode 
(off-wire operation of trams and trolley buses).  

The advantages of short term peak shaving for large end-users with a highly volatile energy demand 
profile are:  

- energy savings, since energy can be stored that would otherwise be wasted 

- reduction of wear of equipment, because equipment operates at a more constant load 
- allows for downscaling of the grid connection capacity, since the peak demand is reduced. 

Flywheels designed by CCM have been applied in demonstration projects in various domains:  

- In trams, to reduce peak demand and to enable partial autonomy (e.g. no overhead wires in 
historical city centers or at certain crossings).  

- In "track site applications", to reduce peak demand of large energy consumers, like rail and 

trolley bus systems. 

- In crane vessels and shipping, to reduce peak demand and to reduce the energy demand (up 
to 40% reduction for crane vessels) 

In the demonstration projects, CCM partnered with tram manufacturers (Siemens and Alstom) and 
research institutions like Eindhoven University of Technology, Delft University of Technology, 
University of Tokyo, Frauenhofer Institute, TNO and KEMA. 

Flywheel development 

Conventional flywheels are made of steel. CCM, however, pioneered with flywheels made of 
composite materials enhanced by carbon fibers. Composite flywheels are lighter than steel flywheels, 
but they can spin faster because of their superior strength to mass density ratio. As, a result, 
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composite flywheels can store more energy per kg, which makes them more suitable for mobile 
applications. 

For energy storage systems, safety is a decisive issue. This applies also for composite flywheels due to 
the high level of energy storage. In 2006, an overcharge test at CCM resulted in a flywheel accident. 
Since this was unexpected and could not easily been explained, the demonstration projects with 
composite flywheels were put on hold because the safety could no longer be guaranteed.  

From the findings of the investigations and the “Lessons learned” from the accident, a redesign has 
been made in which all possible initial causes leading to the occurred accident are prevented and in 
which severe safety margins have been applied. Therefore the energy density of the new design is 
momentarily reduced.  

For the targeted mobile applications of composite flywheels, the energy density of the redesign has 
to be increased. This requires more reliable material properties and would greatly be facilitated by 
legally supported design standards for flywheels.  KEMA might be able to play a role in such material 
research and the establishment of flywheel design standards. 

CCM has continued the research of composite flywheels with a project for the European Space 
Agency (ESA) regarding reaction wheels for satellite attitude control and is at the moment in 
negotiation with an OEM for elaborating the new design for mobile application. 

Parallel to this CCM is developing a steel flywheel system for applications with less stringent weight 
demands such as crane vessels.  

Future 

With their typical characteristics (combined energy and power density and superior efficiency and 
cycle life), flywheels occupy a special position among the various electricity storage technologies. 
Even though they have competition from batteries and super capacitors, flywheels are predestinated 
for the heavy duty applications with frequent and high power fluctuations (e.g. trams, buses, cranes).   

Flywheels in UPS applications are favorable when the power demands are strong and high dynamic 
(e.g. for voltage and frequency stabilization). Another factor to be considered here is that many large 
companies have already invested in high capacity grid connections, which is an alternative for peak 
shaving technologies like flywheels. Therefore, in particular stand alone E-grids would profit from a 
flywheel because of its excellent voltage and frequency stabilization characteristic. 

In general, CCM sees the increasing demand for electricity storage as a trend which implies good 
chances for widespread applications for flywheel technology in the future.  
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Interview with Evert Raaijen, EXENDIS – January 6, 2010 
 

Activities of EXENDIS 

EXENDIS designs and produces small series and prototypes of converters. Furthermore, it designs 
battery chargers, UPS-systems and structures to integrate solar and electricity storage facilities to the 
general electricity grid or to microgrids.  

Innovative energy storage related projects in which Exendis is involved include: 

- GROW-DERS – mobile storage system (initiated by KEMA) 

- Smart Substation – substation that includes storage (30kW, 70-80 kW peak, 60-70 kWh) 

(initiated by ECN) 
- SOPRA (Sustainable Off-grid Power Stations for Rural Areas) – microgrids that include 

storage. This is a proposal. 

Partners 

Research partners in the Netherlands: KEMA, ECN, Alliander 

Suppliers: battery producers, PV-producers (considered for the future to be able to sell ‘total 
solutions’) 

Relation with KEMA: KEMA is not considered a competitor, but rather a research partner that can 
also offer project management and testing. 

Development 

The hardware (batteries and power electronics) is ready to use batteries systems for grid connected 
or autonomous applications. Innovation focuses on system optimization by improving control 
algorithms. Furthermore, demonstration projects (GROW-DERS and Smart Substation) are executed 
to build practical knowledge and to test the systems in field conditions. For EXENDIS, the priority is 
on rural and off-grid applications (microgrids).  

Government Relations 

The Dutch government is considered supportive to storage innovations by providing research 
subsidies. However, legislation that prevents grid operators to own storage technologies may be a 
barrier for grid connected storage. It would be ideal if the government acted as launching customer. 

Future 

EXENDIS considers that the first (and most important) markets for storage systems will be in micro 
grids and to substitute and optimize the use of diesel generators. The market for diesel generators is 
quite big; examples given are shipping and road works. Micro grids are especially practical in remote 
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areas or in locations where the grid is weak or unreliable. Off-grid electricity-use has an annual 
growth of 15 to 20%, therefore, there are also increasing chances for storage technology. The 
Netherlands, however, is no primary market because of the population density and existing grid 
reliability. Developing countries and countries with a lot of sun are more suited for solar powered 
micro grids. Modular systems provide more flexibility and might be most suited here. 

So far, the actual market for storage technology is relatively limited, while the ‘hype’ about it is quite 
large. Trends in the landscapes are good: decentralized generation is growing and the total electricity 
use increases too. EXENDIS hopes, of course, that this will lead to more actual investments in storage 
systems, but is unsure about where the actual incentives to do so are. 
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Statement Erik te Brake, VEMW  (Association for Energy, Environment and Water)  Jan 29, 
2010 (telephone) 
 
VEMW focuses on the interest of non-domestic consumers of gas, electricity and water in The 
Netherlands.16

                                                             

16  Also see: 

 VEMW considers electricity storage as a technological development, which might 
benefit the electricity market in the future, depending largely on costs and technical issues. If 
electricity storage could provide benefits for electricity consumers, it would be a serious option. In 
the absence of concrete plans for large scale electricity storage in The Netherlands, VEMW currently 
does not have a final position on the topic. 

www.vemw.nl/documenten/Scorecard Engels.pdf 

http://www.vemw.nl/documenten/Scorecard%20Engels.pdf�


Appendix A: Interviews with stakeholders in the field of electricity storage 

 

115 
 

Interview with Paul Boonekamp, APX-Endex,  Feb 2, 2010 
 

APX-Endex in the electricity market 

In December 2008, APX bought Endex which resulted in a name change to APX-Endex in 2009. APX-
Endex is a power and gas exchange for wholesale participants that offers a variety of products and 
operates at different timescales. 

Endex is an exchange for energy futures and a clearing house. At the exchange contracts are made 
for electricity delivery in the more distant future. Typical Electricity contracts can be bought and sold 
at the exchange for months or even years ahead. Bilateral (OTC) future contracts can also be cleared 
by Endex. All these contracts are based on long-term expectations of the electricity supply and 
demand. 

APX is an energy exchange that offers services on the 'day ahead' and the 'intra-day' market. On the 
day ahead market, market members can compensate the differences between the long-term 
expectations and the more accurate day-ahead expectations by placing orders at the day ahead 
auction. This market uses hourly contracts as well as block contracts of several hours. Likewise 
electricity can be traded in the "intra-day" market which uses time intervals of 15 minutes. Trade on 
the intra-day market is possible the entire day, up to 1 hour before actual delivery.  

For balancing on even smaller intervals the primary and secondary frequency control mechanisms 
are used. The secondary frequency control requires all larger electricity producers to submit a net 
exchange curve (biedladder) to TenneT, indicating at which price levels they are willing and able to 
increase or decrease their output and to which extent. Depending on the demand an equilibrium 
price is established. TenneT then gives orders (by telephone) to the producers to adapt their output 
levels, starting with the ones quoted for the lowest tariffs. However, all producers called to deviate 
their output levels as part of the secondary frequency control will receive the equilibrium price. The 
primary frequency regulation happens automatically. Physical imbalances in the electricity grid lead 
to frequency deviations. Larger electricity producing units detect these deviations and immediately 
adapt their output accordingly.  

Electricity storage 

At this moment, APX is not involved with electricity storage in its day to day activities. To look into 
future chances for electricity storage, APX took part in the "Taskforce Large Scale Electricity Storage", 
which was part of the "Sustainable Electricity Supply Platform" set up by the Dutch government. APX 
can provide economical optimization for storage owners and operators. APX is only active in the 
wholesale market, but decentralized electricity storage can be connected with the APX market 
through aggregators who own or operate larger amounts of storage units. 
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Trends 

APX-Endex expects the international interconnection capacity to grow. Besides the physical 
interconnections, also the European electricity markets will become more integrated. Currently, APX-
Endex works together with other exchanges and TSOs in Germany, France and the Benelux to create 
an integrated Central West European Market (CWE). A trilateral coupling (TLC) of the power 
exchanges of The Netherlands, Belgium and France already exists. Unlike in national electricity 
transports, transmission losses, congestion revenue and balancing costs are not socialized in 
international transport. 

Another trend is the development of smart elements in the electricity grid. Intelligent loads and 
generators and intelligent agents can respond to price signals based on pre-programmed net 
exchange curves. APX could provide the financial clearing of the transactions for private smart grid 
operators. In the ideal case, this could be based on (near) real time pricing, which eventually can 
substitute traditional contracts. APX and KEMA are both involved in a research project led by TU/e to 
the possibilities of agent based real time pricing. 
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Interview with [Interviewee 14], Eindhoven University of Technology (TU/e) April 8, 
2010 
 

Academic research on electricity storage 

Research on batteries at TU/e is done by Peter Notten who leads the group "Energy Materials and 
Devices" in the department of Chemical Engineering and Chemistry. The group "Electrical Energy 
Systems" led by Wil Kling considers grid connected electricity storage from a system perspective. 
Delft University of Technology (and TenneT) has done research to large scale electricity storage for 
the past 10 years, also in relation to the integration of wind power. Within the IOP-EMVT program 
(08113) Alicja Lojowska recently started her PhD-research, which looks at the role of energy storage 
in future power systems, at Delft University of Technology in cooperation with KEMA. 

Potential for electricity storage 

Kling considers the most important potential application for electricity storage to be voltage 
regulation and intra-day trading. Voltage regulation is the responsibility of the TSOs and DSOs who 
therefore obtain reactive power which might (potentially) be provided by storage units. Similar to the 
frequency regulation, participation in the primary voltage regulation is obligatory for larger 
production units and there is no financial compensation. This means that there are no incentives for 
storage owners to participate in the primary regulation. For the secondary voltage regulation, it is 
possible to compensate 

Barriers for storage: 

- no funding for primary regulation 
- tariff structure, little price differentiation for end-users  
- storage is always too small, when it comes to integrating wind 

Complexity of the electricity system 

The electricity system is increasingly getting integrated on a European scale. A result is that it is 
getting more complicated to model the electricity system to determine the effects local changes (like 
the introduction of a storage facility) have on the system. In fact, it is not possible to simulate total 
system operation without accepting simplifications.  The operational variables and the different 
moments in time that have to be assessed are too many to be addressed in an integrated way in any 
computer simulation. Furthermore, in a liberalized energy sector, both technical and economical 
constraints have to be considered. 

Kling also points out that when it comes to reserve capacity and flexibility there may be a difference 
between contractual agreements and actual behavior. Therefore, storage is a better source of 
flexibility than load management (demand side management) which leaves more decisive power to 
the end-user. Of course fines will have to be paid when contractual agreements are violated, but 
fines do not restore system balance. 
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About KEMA: 

KEMA should primary look at the business case for customers 

KEMA has a European-wide overview, more than universities. 
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Interview with [Interviewee 15], KEMA   24 November 2009 
 

KEMA 

KEMA activities on energy storage 

- testing services 

- technical and market assessments 

- coordination of energy storage demonstration projects 

- policy advice 
- developing testing standards 

 

Typical clients on energy storage 

- energy storage systems industry 

- utilities 

- distribution system operators 
- venture capitalists 

- governments 

 

Attitudes of Dutch electricity regime actors 

- Distribution System Operators – they are faced with additional regulation demands, caused 

by intermittent energy sources (primarily wind energy). Electricity storage systems are 
considered as a possible solution. By law, DSOs are not allowed to trade in bulk electricity. 

They can, however, operate fast responding storage devices to increase power quality and 

security of supply. The exact implications of existing legislation, however, are unclear, since 
storage devices were not considered in the energy law. 

- Electricity production companies – they show a limited interest (and knowledge) in storage 

systems. The operators of traditional fossil based power plants consider the regulation 

problems to be the primary responsibility of those who caused them (wind power). 
Electricity companies prefer to focus on their core business: producing and selling electricity, 

even though the conventional power plants are also the traditional suppliers of ancillary 

services. Furthermore, they consider that batteries systems have not yet proven themselves 

in long term large scale situations. 
- TenneT (Dutch TSO) – they are involved with feasibility studies to storage systems. However, 

they tend to focus on interconnections as primary source of regulation capacity. 
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- Dutch government – they ordered a number of studies to assess the feasibility of grid 
connected electricity storage and the role the government can play to facilitate storage 

projects.  

- Venture capitalists – they may show an interest after technical and legislative uncertainties 

have been reduced 
- KEMA – KEMA is impartial with respect the applied storage technology. As consulting firm 

they give advice to public and private players in the energy field. KEMA has the opinion that 

demonstration projects now have the first priority. As a result, the required legislation and 
further technological solutions will be developed over the course of the demonstration 

project. 

 

Barriers (technical / legal) 

Even though more research still can improve the quality of the electricity storage systems, various 
storage technologies exist that are sufficiently developed to function in a (pre-) commercial setting.  

A lack of long running demonstration projects, however, makes potential investors reluctant. 

Another serious barrier is the lack of opportunities to realize a return on investment in fast 
responding storage technologies. The benefits of these storage technologies fall at the entire system 
and are hard to appropriate by those who made the investment. Since the electricity market is a 
heavily government regulated market, a regulatory framework should be developed that allows for 
ways to appropriate the benefits resulting from investments in grid stability. 

Uncertainty about governmental policies, however, is in itself a barrier for electricity storage 
systems. Because of the typically very high capital investments that are required in the electricity 
sector, investments are assessed over a long time span (multiple decades). To be able to do so, 
clarity is required about the structure of the market and the governmental regulations that apply. 

Finally, the production capacity of storage system manufacturers is limited, which means that a rapid 
and widespread proliferation of large scale energy storage systems to the electricity system is not 
possible. 

Feasibility studies on electricity storage 

Several studies exist to the economical and environmental feasibility of electricity storage. Their 
results, however, are highly dependent on disputable assumptions. These assumptions cover topics 
including: 

- the interconnector capacity 

- the synchronicity of wind power supply 

- the future generation portfolio 
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- market mechanism (e.g. whether or not wind power is designated as 'must run' capacity) 

Differences US / NL 

There are various differences in the field of electricity storage between the US and the Netherlands. 

- In the US, electricity production and distribution are to a large extent vertically integrated, 

whereas in the Netherlands, production and distribution activities are separated by law. In 

the US, therefore, it is easier to make a good return on investments in electricity storage 

systems. 
- In the US, the electricity grid has fewer high capacity long distance interconnections than the 

Netherlands. Therefore, in the US, storage technologies are more attractive because the 

need to find alternative ways to provide for grid regulation is higher and. 
- In the US, more demonstration projects and commercial applications of storage technology 

exist and  

- In the US, storage technology, and knowledge about storage technology is more advanced. 
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Interview with Petra de Boer, KEMA,  Jan 18, 2010 
 

Activities of KEMA in electricity storage 

KEMA is involved with a number of storage related projects and studies, including (not exhaustive): 

- GROW-DERS – transportable storage systems 

- "Nut en Noodzaak rapport" – study to the advantages of large scale energy storage 

compared to the alternatives 
- Energy Island – pumped hydro electricity storage in an artificially created "Island" 

- Second life applications of electric vehicles batteries 

- Redox Flow – battery system with two separated vessels with electrolyte 
- A large number of storage projects in the US 

GROW-DERS 

GROW-DERS (Grid reliability and operability with distributed generation using flexible storage) was 
initiated by KEMA in December 2005 and ends in February 2011. As project coordinator, KEMA 
formed the GROW-DERS consortium consisting of KEMA and four network operators, a battery 
manufacturer, a power electronics supplier, a data acquisition system supplier, and a party for 
testing and control. This partnership worked well, even though the project did not always have the 
highest priority of all partners, because the financing of GROW-DERS was limited. 

GROW-DERS is an EU-funded project which aims to demonstrate replaceable energy storage 
technologies and of to gain practical experience. Two lithium-ion batteries (each 34 kWh and 90 kW) 
and a flywheel system (0.9 kWh and 90 kW) are connected to the grid and tested at various locations 
to demonstrate the transportability. The EU-funds were provided within FP-6. Even though the 
resulting administrative load was considerable especially when one of the partners of the consortium 
left the consortium and had to be replaced, the EU officer to whom GROW-DERS was assigned was 
considered to be very helpful to find practical solutions when problems arose. 

GROW-DERS has gone through several stages: 

- design of the storage systems (flywheel and Li-ion) 
- component construction and testing 

- transport and installation 

- system testing and operating 

- validation and improvement of the power electronics and the software tool that assesses the 
benefits of the storage system being applied at a specific location 

- integration of multiple functions (investment deferral (primary objective), power quality, and 

trading) into control algorithms 
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The battery transport was not easy because there were safety restrictions because lithium is highly 
flammable.  

Initially, the primary incentive for KEMA to launch GROW-DERS was to gain more visibility and to 
build experience and knowledge with electricity storage. As project leader, KEMA also took care of 
"knowledge dissemination", which is required in EU-funded projects.  

Currently, KEMA benefits mostly from the software tool that is developed to assess the value of 
storage in a specific situation in the distribution grid, since it can be used in various commercial 
projects. Work on EU projects, on the other hand, is not fully paid. Depending on the work package, 
EU-tariffs are 35% to 100% of the EU tariffs, which over the range of the project leads to a below cost 
price financing. Therefore, spin-offs have to make up for these losses to make sure that the total 
storage portfolio is profitable. The aforementioned software tool currently is the most important 
spin-off. 

Future: 

Currently, the price of storage systems is still too high compared to the functions it can provide. 
Therefore, there is currently no commercial demand for these storage systems in Europe. However, 
there are four positive trends that may increase the demand in the future: battery prices are going 
down, more DG and renewable energy sources are installed, the electricity demand in increasing and 
more smart-grid demonstrations are planned.  

Many cost reductions, however, still need to be realized. Typical prices for electricity storage now are 
around €900 per kWh. It is expected that this will drop to €300 per kWh by 2020, but even at these 
levels it is still the question if storage is competitive enough. Furthermore, the battery cost 
reductions depend on the amount of research done is this area. This, in turn, depends on the success 
of electric vehicles. However, in the US storage is already applied in commercial projects. So this 
strongly depends on local conditions.  

Besides these economic aspects, there are also regulatory aspects that have implications for the 
feasibility of storage systems. In several European countries there is a decoupling between the 
energy companies and the grid operators. The grid operators who could use storage capacity for 
investment deferral are therefore not allowed to use it for electricity trading. This decoupling, 
however, does not exist everywhere in Europe and the future developments in regulation are 
unclear. In general, decoupling made the business case for electricity storage harder. 
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