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my life. 

After my international semester I decided to perform my final research project for the grid operator Enexis. I was 

immediately accepted by a group of young passionate people at the sub-department ‘innovatie’ from the 
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take care of all the possible variables. However, my supervisor from Enexis brought me back to reality every time I 

lost overview and helped me to design my methodology. Joris, I want to thank you for helping me structuring my 
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SUMMARY 

For this research, the Dutch electricity regime and several trends related to the energy transition are analyzed. 

Literature about future energy scenarios and smart grid technology reveal that there are trends visible related to 

the energy transition that could cause several infrastructural- and market problems. The current distribution grid is 

designed on peak load. However, the increasing electricity demand as a result of electric vehicles, heat pumps and 

several other appliances with a potential high simultaneity could create capacity problems of the distribution 

network in the future. The application of distributed generation, like for instance PV-cells or micro-CHP, causes 

problems that threaten the reliability of supply and the balance of supply and demand on the distribution level.  

On the other hand, the application of large scale intermittent sustainable energy sources connected to the 

transmission grid, like for example large wind parks, cause imbalance of supply and demand on a national level. A 

method to solve these problems is the ability to control flexible loads on a household district level with demand 

side management integrated in a smart grid. With demand side management consumers will offer flexibility in 

electricity consumption to an actor that is interested in flexibility. When offering these flexibilities brings 

inconvenience, it can be argued that compensation and a contract with a consumer becomes necessary.  

From an analysis of the socio technical electricity regime in the Netherlands it becomes clear that three actors 

have special interests in the application of demand side management: the distribution system operator (DSO), a 

program responsible supplier and an aggregator with access to the spot market. The function of demand side 

management for the DSO is defined as lowering the peak-load of households which result in delaying upgrades of 

cables and transformers of the LV-network. In case of a program responsible supplier the flexible load will be used 

to act upon their energy program and to balance supply and demand on a national level. On the other hand, an 

aggregator with access to spot markets will use demand side management for economic load management. The 

analysis of different goals and interests from actors reveal that there are opposite interests during the day. A 

promising solution for these opposite interests is software based on multi-agents. However, in this thesis three 

specific business models where demand side management only has one function are investigated.  

A cost benefit analysis for demand side management reveals that controlling load can lead to substantial financial 

benefits for several actors. However, the magnitude of these benefits depends heavily on the amount of flexible 

power that is available. For a future aggregator or PR-supplier also developments at spot-markets are important. 

For the DSO capital costs of the MV/LV transformer and cables are essential for the business case of demand side 

management. Looking at the utilization of the MV/LV transformers from the DSO Enexis, it can also be concluded 

that for the DSO demand side management only has value at certain locations in the Netherlands where an 

upgrade is necessary. In contrast, a program responsible supplier or an aggregator use national spot-markets, 

which makes the location specifity low 

The site specific value of demand side management can tell something about the future contracts with consumers. 

The theory about transaction cost economics (TCE) reveal that a plausible contract structure in case of high site 

asset specifity, which is the case for the DSO, will be a long term contract. For demand side management that has a 

low asset specific value a spot market will be the most plausible structure.  

In this thesis several institutional barriers for demand side management are identified. Established routines in how 

actors produce, transport and use electricity could be barriers for the application of demand side management. 

From the socio-technical regime analysis it becomes clear that especially the DSO is regulated in the Netherlands. 

The DSO has a function to facilitate the electricity market and is not allowed to participate in it. Applying load 

management can be seen as influencing the electricity market and regulation is therefore a barrier for the DSO. 
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Secondly, for the DSO it is prohibited to discriminate between customers and in tariffs. Contracts between the DSO 

and consumers at specific locations in the Netherlands where upgrades are necessary are not possible within the 

existing regulatory framework. In contrast, suppliers and aggregators participate in a free electricity market and 

have no barriers for demand side management in the form of regulation. 

For the implementation of demand side management it is recommended to include smart grid technology and 

demand side management in the regulation. Secondly, it will be important to bring several actors who are 

interested in demand side management together. The value of demand side management and smart grids in 

general, will rise when it has more than one function at the same time. Experimentation with multi-function 

solutions in combination with the involvement of several actors is crucial for the successfulness of smart grids and 

demand side management. Because the amount of flexibility is important for the amount of financial benefits, it is 

important to experiment with consumer behavior related to electricity use.  

For future research it is recommended to investigate future scenarios about electricity use and the application of 

potential flexible appliances. Next to this, it is important to investigate how to communicate with consumers so 

they are willing to change their consumption pattern. In case demand side management is applied based on spot-

market fluctuations, investigating the relation between these fluctuations and the several trends related to the 

energy transition is recommended. 
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1. INTRODUCTION 

The energy sector is facing major changes in the coming decades as a result of the sustainability targets in among 

others the 20/20/20 target of the European Union (EC, 2008). The Dutch government is trying to realize this with 

the energy transition from a fossil fuel based economy to an economy based on sustainable energy sources (MEZ, 

2008). According the Energy report 2008 of the Dutch government, the share of sustainable energy in the form of 

large wind farms at sea, biomass and distributed generation will be around 40 percent in the year 2050. Also the 

share of natural gas as a percentage of the total amount of consumed energy will become smaller which result in 

increasing demand of electricity. There are three different trends visible in the electricity market which results in 

several problems: 

1. The increasing use of distributed generation (DG) in the form of photo voltaic and micro-CHP connected 

to the distribution grid. 

2. The increasing use of large scale wind parks and other large scale intermittent sustainable energy sources 

connected to the transmission grid. 

3. Increasing demand of electricity caused by electric vehicles, the application of heat pumps and other 

electrical equipment. 

 

Looking at the electricity system, the three most important goals are to deliver affordable, sustainable and reliable 

electricity supply. Unfortunately, some of the goals are in conflict with each other. For example, the different 

trends related to the sustainability goals causes several problems related to affordability and reliability of the 

electricity system. This research is performed for the distribution system operator Enexis, which is responsible for 

the construction, operation and development of the distribution infrastructure for gas and electricity in the 

northern, eastern and southern parts of the Netherlands (see appendix six for a company profile). Enexis and other 

actors are facing major problems as a result of these trends. Several infrastructural and market problems related 

to the energy transition can be identified.   

 

1.1.1 INFRASTRUCTURAL PROBLEMS  

Problems concerning the electricity infrastructure are especially related to the distribution grid and therefore the 

distribution system operator (DSO). In the first place, the distribution network is ageing and is not prepared for the 

increased peak load as a result of the application of heat pumps and electric vehicles. The network is traditionally 

dimensioned on peak load and therefore in general over-dimensioned. However, to increase the return of 

investment and prevent the necessity of huge investments, it becomes necessary to operate the infrastructure 

more efficient and closer to its maximum capacity (Veldman, Gibescu, Slootweg, & Kling, 2009). Next to this, the 

distribution network is not designed for the connection of generation sources. The increased use of distributed 

generation causes problems related to voltage control, power quality, short circuit power, requirements to protect 

the system and therefore the reliability of supply (Ackerman & Knyazkin, 2002).  

1.1.2 MARKET PROBLEMS 

Large scale wind power, on land or at sea, is one of the available renewable energy sources at the moment. 

However, there are many concerns about the intermittency and non-controllability of wind power. Supply and 

demand of electricity have to be in balance all the time as a result of the inability to store electricity on a large 

scale. Large implementation of intermittent wind power causes problems with maintaining the balance between 

supply and demand (Maura & de Almeida, 2010). Also the implementation of distributed generation owned by 

consumers causes more imbalances on the network. Energy suppliers, who are obliged to report their planned 

production, do not want to buy unpredictable and unplanned electricity from consumers.  
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All these developments take place in the light of the liberalized electricity market where the distribution system 

operator is regulated. A promising technology to solve these problems is the smart grid. A smart grid is an 

intelligent electricity network that uses ICT-technology, energy storage and demand side management to decrease 

peak load, balance supply and demand, increase reliability of supply and/or make distributed generation more 

predictable. Demand side management is part of the smart grid and refers the ability to control non-critical loads 

or loads with a long time-constant (Strbac G. , 2008). Demand side management can be used to increase demand 

by enabling appliances which are not time critical or to decrease demand by moving these loads to an earlier or 

later moment in time. Demand side management can be used for different functions by different actors with 

different interests. However, there is not much known about the different business models for demand side 

management and who exactly will benefit from it.   Next to this, demand side management will bring in many cases 

inconvenience for the consumer, which makes compensation for the delivered flexibility in demand unavoidable. 

In that case a contract between an actor that is interested in demand side management and a consumer will be 

necessary.  

1.2 RESEARCH QUESTION 

The purpose of this research will be to explore the different business models for demands side management for 

different actors. During the research the following research question is defined: 

What are possible future business models for demand side management and for which actors of the future Dutch 

electricity regime are the cost and benefits? 

Important sub-questions to answer the main question are:  

• Which actors have interest in the application of demand side management?  

• What is a smart grid and what is the function of demand side management in here? 

• What are the cost and benefits when demand side management is applied for a certain goal and actor?  

• What are possible future contract structures between the consumer and the actor that is interested in 

demand side management? 

• Are there institutional barriers for the adoption of demand side management and future contracts? 

 

Many future scenarios about the electricity supply industry are from the year 2025 until 2040 

(NetbeheerNederland, 2009) (U.S.DepartmentofEnergy, 2009) (Mckinsey&Company, 2010). As a result, the scope 

of this research will be a household district connected to the low voltage distribution grid in the year 2030. The 

different households are connected to a smart grid and contain several forms of distributed generation, 

controllable loads and extra loads in the form of a heat-pump and electric vehicles. The possible financial benefits 

for three different actors will be evaluated: the distribution system operator (DSO), an electricity producer and an 

aggregator in the form of a retailer or local energy company with access to a spot market.  It is assumed that 

because load management will cause inconvenience for the consumer, compensation becomes necessary. 

Therefore, future contract structures between a consumer and an actor that is interested in flexible demand will 

be analyzed. The actual implementation of demand side management depends on the development of the applied 

technology, the market structure and institutions. For this research the institutional barriers in the form of 

regulative and formal rules in the Netherlands will be evaluated together with cognitive and normative rules 

shared by incumbent actors of the current Dutch electricity regime.  
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1.3 METHODOLOGY 

To answer the first sub research question the Dutch socio-technical electricity regime will be analyzed using the 

MLP-analytical framework (Geels, 2002). The focus will lie on the characteristics of the different electricity markets 

in the Netherlands and regulatory aspects. Part of the socio technical regime analysis is an overview of the 

different actors involved. The different possible interests for the application of demand side management will be 

analyzed on the basis of the available literature.  

It is assumed that demand side management will become possible with a smart grid. However, a smart grid 

consists out of different components and sub-systems which all have different functions. To answer the second 

sub-question a definition will be given of a smart grid and the different sub-systems. To answer the question what 

the cost and benefits from demand side management are, a cost benefit analysis is carried out in case flexibility is 

used for three different goals.  This includes a calculation of the potential financial benefits for three actors, a 

distribution system operator (DSO), an electricity supplier and an aggregator. The cost benefit analysis is carried 

out using simplified models considering scenarios for available flexible demand, assumptions about peak load 

growth, current electricity prices and costs for transformer upgrades and cables. For the formulation and 

verification of the models four experts in the electricity regime are interviewed. An overview of the interviewed 

experts can be found in appendix 5. As a result of the informal character of the interviews and company 

considerations the interviews are not directly lain down. However, some judgments from the stakeholders are 

mentioned in the text.  

When demand side management is applied for household districts, consumers have to change their behavior. 

When inconvenience for the consumer is involved it can be argued that compensation and a contract is necessary 

(Veldman, Gibescu, Slootweg, & Kling, 2009).  Plausible contract structures with the consumer and a controlling 

party will be evaluated using the theory of transaction cost economics from Williamson (Williamson O. E., 1998). 

Using the MLP-analytical framework it will be analyzed what the barriers are for demand side management and for 

future contracts. Conclusions are formulated with the different findings followed by recommendations related to 

the implementation of demand side management and future research.  

A schematically representation of the methodology for this research can be found in figure 1. 
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FIGURE 1 SCHEMATICAL REPRESENTATION OF THE METHODOLOGY USED DURING RESEARCH 
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2. THE DUTCH ELECTRICITY REGIME 

An overview of the Dutch electricity regime is a first step in answering the main research question. The distribution 

system operator Enexis is part of the Dutch electricity regime and is responsible for the distribution network. 

However, there are many other actors active in the regime with different tasks, responsibilities and interests. As a 

result, a description of the current electricity regime with its institutions and technical artifacts is essential for the 

evaluation of possible business models for demand side management. The analysis will be carried out using the 

definition of a socio technical regime and the Multi Level Perspective (Geels, 2002). The next paragraph will shortly 

describe the MLP-analytical framework followed by a description of the Dutch electricity regime.  

2.1 THE MULTI LEVEL PERSPECTIVE 

Smart grids and demand side management systems are innovations. Given our interest for this new technology 

and the application in practice the multi level perspective (MLP) is used to give an overview of the current socio 

technical regime and to understand the interaction between this niche technology and the existing electricity 

regime. Looking at the multi level perspective three different levels can be distinguished:  The socio technical 

regime, the niche level and the landscape level (Geels, 2002).  

2.1.1 THE SOCIO TECHNICAL REGIME 

The socio technical regime is the meso-level of the multi level perspective. This level is characterized by lock in and 

path dependency, which are caused by stabilizing mechanisms at three dimensions of this level (Verbong & Geels, 

2007): 

1. A network of actors and social groups 

2. Shared formal, normative and cognitive rules 

3. Materials and technical elements 

The first dimension of the socio technical regime is a dense network of actors and social groups who are part of the 

regime. Examples of actors in the Dutch electricity regime are for instance electricity suppliers, the ministry of 

economic affairs, the distribution system operator (DSO) and consumers. The second dimension consists out of 

shared formal, normative and cognitive rules. Formal rules are laws, sanctions, incentive structures and 

governance systems; examples of normative rules are values, norms and role expectation and examples of 

cognitive rules are priorities, problem agendas and beliefs (Raven, 2006, p. 583). The third dimension consists out 

of materials and technical elements. In the electricity sector these technical elements are for example generation 

plants, the distribution grid, the transmission grid and a fuel infrastructure. When these three dimensions stabilize, 

the socio technical regime locks in and becomes difficult to change.  

2.1.2 THE LANDSCAPE LEVEL 

Change can be caused by disruptions at the different levels. One of these levels is the landscape level which 

consists of structural trends and changes. The landscape has been changing slowly in the last decade. Examples are 

for instance natural disasters, climate change and oil prices. The landscape developments can change the rules of 

the socio technical regime and can therefore causes opportunities for change. This happened for instance after the 

oil crisis in 1973 which resulted in the first white paper in 1974 (Verbong, van der Vleuten, & Scheepers, 2002). 

Formal rules changed and scarcity and environmental issues became more important. The priority and problem 

agenda of the government changed and also the values and norms of the people changed. 
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The landscape level is also important in the case of smart grids. Important landscape developments that are visible 

are the emergence of distributed generation and the increasing demand of electricity. This causes concern about 

the capacity of the existing infrastructure and the understanding that intervention is needed.  

2.1.3 THE NICHE LEVEL 

At the niche level novelties and innovations emerge. Smart grid technology is an innovation that is located at the 

niche level. Because of the high price-performance ratio of niche technologies, it is for them difficult to compete 

with technologies in the socio technical regime. As a result, niche technologies are in many cases tested in a 

protected experimental environment with the help of public subsidies.  Figure 2 shows the three different levels of 

the MLP-framework. As can be seen, time is an important variable in the multi level perspective. The MLP-

analytical framework tries to explain changes of the socio technical regime as a result of experiments at the niche 

level (which result in changing expectations, social networks and learning) and disruptions at the landscape level. 

When new configuration breaks through this could result in a socio-technical transition, which entails next to 

technology change also changing markets, user preferences and policies (Geels, 2002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The next paragraph will give a description of the Dutch electricity regime. 

  

FIGURE 2 THE MULTI-LEVEL PERSPECTIVE (GEELS, 2004, P. 915) 
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2.2 THE DUTCH ELECTRICITY REGIME 

After the liberalization of the electricity market, the complexity of the sector increased tremendously. To explain 

the electricity regime like it exists today a distinction is made between materials and technical elements, 

institutions and actors. In figure 3, taken from de Vries, Correlje & Knops (2009), a schematically representation of 

the Dutch electricity market can be found (de Vries, Correlje, & Knops, 2009). The blue arrows at the bottom of the 

figure represent the materials and technical elements of the electricity regime consisting of generation, 

transmission, distribution and eventual load. Furthermore, different actors are visible who are active in different 

markets. Next to the markets other institutions exist in the form of formal, normative and cognitive rules at all the 

facets of the electricity sector.  

The next paragraph will discuss shortly the materials and technical elements of the electricity regime followed by 

the institutions and actors. 

 

 

 

 

 

 

 
FIGURE 3 THE DUTCH ELECTRICITY SYSTEM WITH SEVERAL ACTORS MARKETS AND TECHNICAL ELEMENTS (DE VRIES, CORRELJE, & KNOPS, 

2009) 

 

2.2.1 MATERIALS AND TECHNICAL ELEMENTS 

The generation part of the physical layer is controlled by the electricity producers. This could be an electricity 

power plant or large CHP-users. The electricity will be transported over the electricity grid, consisting of a 

transmission network and the distribution network to the final users. Generation facilities could be connected to 

the transmission or the distribution network. Figure 4 represents a graphical representation of the Dutch 

electricity grid like it exists today with the different voltage levels (Rommens, 2007).  

A distinction between distribution and transmission network, and therefore the different voltage levels, is based 

on a legal definition. A distinction is made between four different voltage levels: high voltage (HV), Medium 

voltage (MV), High Medium voltage (HMV) and low voltage (LV) (NMa, tarievencode Elektriciteit, february 24th 

2009, p. 15). The magnitude of the different voltage levels can be found in table 1.   
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TABLE 1 TRANSMISSION AND DISTRIBUTION NETWORK AND DIFFERENT VOLTAGE LEVELS (NMA, TARIEVENCODE ELEKTRICITEIT, 2009, P. 15) 

Network  Name voltage level Voltage range 

Transmission EHV Extra high voltage 380-220 kV 

HV High Voltage 150-110 kV 

Distribution HMV High Medium Voltage 50-25 kV 

MV Medium Voltage 20-1 kV 

LV Low Voltage 0,4 kV 

 

Additionally, the decentralized generation units mentioned in the introduction (DG) are connected to the LV-level. 

Larger decentralized generation capacities (e.g. CHP-units) are connected to the MV and HMV-level and the large 

power plants and wind parks to the HV and the EHV-level.  The normal households are connected to the LV-grid 

connected to a LV-rack. The scope of this research will be a household district connected to the LV-grid. 

 

HV-network

HV-connection

HV/MV transformer

HV/MV-connection

MV-distribution

MV-transportconnection

MV-distribution 

station

MV-T 

connection

MV 

LV

MV-distribution
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connecti
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LV-rack LV-rack

Household

Household

LV-main network
 

FIGURE 4 SCHEMATIC REPRESENTATION OF THE DUTCH ELECTRICITY GRID (ROMMENS, 2007) 

Scope 
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2.2.2 INSTITUTIONS AND ACTORS 

In the innovation literature three different rules or institutions of a socio-technical regime can be distinguished: 

normative, cognitive and regulative rules (Geels, 2004). Existing institutions could be barriers for the introduction 

of innovations and therefore demand side management.  

Examples of normative rules are values, norms and role expectations and these rules have their basis on social 

obligations. The socio-technical system for electricity provision, like it exists today, has a cultural and symbolic 

meaning where electricity is seen as a basic need. Lock-in is caused by established routines in the way people use 

electricity, norms and expectations about electricity provision. In case of demand side management these 

established normative rules could be a barrier for demand side management where consumers have to become 

more flexible and have to change the way they use electricity.  

Cognitive rules are taken for granted and are for instance beliefs, problem agendas, models of reality and 

priorities. Cognitive rules make actors of a socio-technological regime only look in one particular direction and not 

to other options. For the electricity regime, like it exist today, this is the result of a socio technical revolution that is 

going on now for more than 100 years (Verbong, van der Vleuten, & Scheepers, 2002). The regime is built on the 

idea that large generators in the form of power plants are connected to a transmission network. The energy is 

transformed to lower voltages and through the distribution network it is transported to the consumers. The grid 

was designed on peak load conditions related to the peak demand of consumers. The current belief is that future 

infrastructures have to be designed on peak load conditions without considering behavioral change. This is in 

contrast with the idea of demand side management where the infrastructure is used more efficient with load 

management. As long as actors think that problems will be solved within the existing regime, they will not consider 

radical solutions like demand side management (Geels, 2004). The next paragraphs will discuss the electricity 

markets in the Netherlands and some of the most important regulative rules and actors. 

2.2.2.1 POWER MARKET 
The produced electricity in the Netherlands is traded on two different markets:  the bilateral market and the 

power exchange. Approximately 85 % of all the produced electricity is traded on the bilateral market. At this 

market electricity is sold by the producers directly to large consumers, traders or retail companies. The price is 

fixed and can be found in a bilateral contract between the producer and the buyer. Bilateral contracts are 

confidential and have in general durations no longer than one year (de Vries, Correlje, & Knops, 2009).  

The power exchange is the second market where electricity is traded. The APX is the only Power Exchange in the 

Netherlands and is a facilitator of the spot market and a fully independent exchange for anonymous trading on the 

power market. There are three different spot-markets within the APX exchange: the day-ahead market (APX-

index), the intraday market and the STRIPS market (APX, 2010). At the day-ahead market producers can trade 

electricity for the next day on an hourly basis. Also flexible block contracts can be traded on this market where 

producers can trade specific blocks in time where they produce a certain amount of electricity. 

At the intraday market, during the day hour and two hour blocks can be traded with a 15 minutes interval. This can 

be done up to two hours prior to delivery. Standardized blocks of hours are traded at the STRIPS market. The 

possible blocks are Base Load (from midnight until midnight), Peak Load (from 8 am until 8 pm) and Off Peak Load 

(from 8 pm until 8 am).  
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2.2.2.2 PROGRAM RESPONSIBILITY AND THE TRANSMISSION SYSTEM OPERATOR (TSO) 

Related to power systems is the importance to balance supply and demand on the network. An important reason 

for this is that electricity cannot be stored on a large scale.  For this reason all the users of the Dutch electricity 

system (producers and consumers) are so called program responsible. This means that they are obliged to deliver 

information about their planned production or consumption for every fifteen minutes of the day to the 

transmission system operator (TSO). In the Netherlands Tennet is the transmission system operator and 

responsible for balancing supply and demand. Despite every single producer and consumer is in principle program 

responsible, there are only a few dozen recognized program responsible parties in the Netherlands. In general, 

small consumers and producers transfer their program responsibility to one of the large recognized parties (de 

Vries, Correlje, & Knops, 2009). There are two different ways a recognized program responsible party formulate 

their energy program. A program responsible party can make predictions about both production and consumption 

or separately. For the application of demand side management this is important, because only in the combined 

case over or underestimation can be cancelled out by over or under consumption (van der Veen & Hakvoort). 

To prevent problems with the balance of supply and demand, there must be a closed energy schedule of the 

Netherlands every moment of the day. This is difficult because it is hard to predict the exact production and 

consumption and the delivered programs could be wrong. For the balancing service provision there is an intraday 

balance market with an important role for Tennet.  At this balance market balance services are offered to Tennet 

in the form of bids. Tennet will place these bids in price order (price-ladder) to solve the real time system 

imbalance (Vandezande, Meeuws, Belmans, Saguan, & Glachant, 2010). This means that the price of the balancing 

service will rise when more balance power is needed. When the actual production or consumption deviates from 

the delivered energy program, the program responsible party is obliged to use the balance market to restore the 

deviation.  The prices of balancing services are in general higher than the market price of electricity. As a result, 

the costs for unbalance are for the program responsible parties.  

The interconnectedness with other countries is a responsibility of the Dutch TSO as well. A problem with 

international connection is that the price of electricity from other countries is in many cases lower than the 

domestic price. As a result, the import capacity of the Dutch transmission network is not high enough and there is 

a restricted import capacity. The capacity is auctioned on the im/export capacity market. The revenues from the 

auction are divided between the different network operators and Tennet.  

Tennet is also manager of the transmission HV- and EHV-network in the Netherlands and owns the 220 kV, 380 kV, 

110 kV and the 150 kV network in the Netherlands. The lower voltage grids are owned by the distribution system 

operators (DSOs). 

2.2.2.3 THE DISTRIBUTION SYSTEM OPERATOR (DSO) 

The position of the distribution system operator (DSO) changed after the implementation of the European 

electricity directive 96/92/EC in the 1998 Dutch electricity act. In this European directive the transmission and 

distribution of electricity was considered a monopoly. Therefore the Dutch government chose to appoint a new 

legal entity called the distribution system operator (DSO). These DSOs are responsible for the maintenance, 

operation and development of the distribution network in a region and the interconnections with networks from 

other regions (de Vries, Correlje, & Knops, 2009).  

Despite the fact that it was not obliged to separate the network activities completely from the commercial 

activities according European legislation, this was applied in the Netherlands. After introduction of the unbundling 

law (Wet Onafhankelijk Netbeheer, WON) in 2006, complete unbundling of the network activities from the 

commercial activities became obliged. The distribution system operators became independent legal entities owned 
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by local governments. However, on the 22th of June 2010 the court of justice in The Hague called verdict in a legal 

proceeding that was instituted by the electricity suppliers Essent, Delta and Eneco in the Netherland. The verdict 

was that the forced unbundling was inconsistent with the European law of free movement of goods. Despite, the 

ministry of economic affairs has announced to appeal against the judgment of the court (Elsevier, 2010). 

Because managing a distribution network is seen as a monopolistic activity, the distribution system operators are 

regulated and have a function of facilitating the electricity market. The DSO was regulated by a newly created 

actor, the DTe (Dienst uitvoering en Toezicht Energie) which is now called the Energiekamer. For the DSOs two 

important rules were implemented in two different sections of the electricity act 1998 (Energiekamer, 1998):  

Section 17:  

1. ‘The grid manager or legal entity in which the grid manager has a participating interest may not supply 

goods or services resulting in competition between them and third parties, unless this relates to carrying 

out activities in respect of the duties of the grid manager’  

Section 23: 

1. ‘The grid manager shall be required to provide any person who requests such with a connection to the grid 

managed by him at tariffs and subject to other conditions’ 

2. ‘The grid manager shall refrain from any form of discrimination in relation to those to whom he has an 

obligation, as referred in subsection 1’ 

Section 17 states that the DSO is not allowed supplying goods or services resulting in competition between them 

and third parties. Section 23 states that the grid manager is obliged to connect any person who request a 

connection to the grid and shall not discriminate between them. Other important sections related to the grid 

manager can be found in appendix 4.  

Another important subject that was added to the 1998 electricity act was the tariff structure. The tariffs the DSO 

may ask for their service were regulated in 1999. The next section will describe how the tariffs of the DSO are 

determined. 

2.2.2.4 TARIFF STRUCTURE DSO  

The tariffs DSO’s are allowed to ask for their services are determined by the Energiekamer. For the tariff structure 

like it exists today three important goals were important.  

1. The network managers have to earn enough to carry out their task of maintenance, operation and 

development of the network. 

2. The consumer needs to be protected from extreme high tariffs. 

3. The DSOs have to work as efficient as possible. 
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For this reason the Dutch government decided to introduce the price cap regulation. In this regulation the tariffs of 

the DSO are limited to a maximum. However, to determine the height of the tariffs the costs for carrying out the 

tasks of the DSO is used.  The height of the tariffs depends on two factors:  

1. The costs of the DSO 

2. The yardstick of all the DSOs together.  

Because for the consumer only the total costs (TOTEX) are visible and not the individual operational costs (OPEX) 

or the costs for capital investments (CAPEX), the TOTEX is used to calculate the tariffs. The average benchmark or 

yardstick of all the companies together is used to calculate the tariffs (Energieraad, 2009). In that case, the tariffs a 

DSO is allowed to ask, is not only depend on the individual costs, but from all the DSO’s together.  

The tariffs for the next regulation period (3 to 5 years) are derived from the average yardstick in the previous 

regulation period. The consumer price index (CPI) is used to adapt the tariffs for inflation. However, to create an 

incentive to work more efficient there is an efficiency reduction of 2.2 % for electricity distribution companies 

every regulation period. This system is called the CPI-x tariff structure where CPI is the inflation and x is the 

efficiency reduction which should create an incentive to reduce costs and increase efficiency. The yardstick 

competition like it exists today is introduced to create some kind of competition between the different 

monopolists. However, competition between monopolists can also create problems. There is for instance a risk 

that high profits can be made or that companies go bankrupt. When the tariffs one DSO may ask for their service 

depend on the performance of another DSO there is a risk that companies are going to make deals. To compete 

with each other all the DSO’s in the Netherlands must be comparable (Energieraad, 2009). A risk with the CPI-x 

tariff structure is that the quality of the network could be affected because DSO’s want to reduce costs and 

therefore investments. To prevent this, the regulator introduced another incentive in the tariff regulation. In this 

structure a quality factor q is added to the cpi-x tariff structure to introduce an extra incentive. Distribution 

network operators with better quality are rewarded with higher revenues and DSO’s with a lower quality are 

punished.  

In practice every DSO in the Netherlands will send every year a proposal for the tariffs they want to ask for their 

services to the Energiekamer. They are forced to use the x-factor and the q-factor that are determined with the 

yardstick method. 

The formula to calculate the maximal income of a DSO in the following year is: 

��� � �1 � �	
 � � � 
100 ������ 

Where: 

TIt = total income in the following year the DSO is allowed to have 

Tit-1= the total income in the foregoing year 

cpi = consumer price index 

x = efficiency reduction derived from the yardstick 

q = quality index derived from the yardstick 
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2.3 CONCLUSION SOCIO-TECHNICAL REGIME ANALYSIS 

Related to existing institutions there are several barriers for the introduction of demand side management. The 

socio-technical system for electricity provision has a cultural and symbolic meaning where electricity is seen as 

something that can be used always and unlimited. Established routines of actors about the way to produce, 

transport and use electricity are difficult to change. In case actors think that problems can be solved within the 

existing socio-technological regime, they will not consider radical innovations like demand side management 

(Raven, 2006).  

From the socio-technical regime analysis it can be concluded that after the privatization of the electricity market 

especially the distribution system operator (DSO) became regulated. Looking at the implementation of demand 

side management this is important. The electricity suppliers, retailers, smaller- and larger consumers are free to 

participate in the electricity market and therefore to offer time dependent tariffs and demand side management 

services. However, it is not clear if the DSO is allowed to offers demand side management. The DSO has a 

facilitating task and is not allowed to participate in the electricity market. 

The next chapter will introduce the smart grid and how a demand side management system is integrated in the 

future electricity grid.  

  



23 

 

3. DEFINITION SMART GRID 

The existing Dutch electricity regime, described in chapter 2, is facing major challenges as a result of the different 

trends related to the energy transition. In recent years there has been a growing awareness that to meet the 

increasing demand of electricity and the growth of intermittent sustainable energy sources like for instance wind 

generation, large investments in the network and reserve generation capacity becomes necessary (EC, 2007) 

(Strbac G. , 2008). An important and promising technological solution derived from the idea of more interaction 

with the consumer, efficient use of the grid and intelligence through ICT is the smart-grid.  A smart energy network 

aims to increase the reliability, security and efficiency through the use of information and communication 

technology. This will be done in combination with storage, demand side management and smart equipment 

(U.S.DepartmentofEnergy, 2009).  

In the next part an overview is given of the different components and sub systems of a smart grid mentioned in the 

literature.  Although the focus will lie on a demand side management system, also functions of other sub systems 

will be evaluated.  

3.1 THE SMART GRID 

There are different definitions of a smart grid mentioned in the literature. In general the term smart grid means all 

technologies that make medium and low voltage grids more intelligent. In ‘reflections on smart grids for the 

future’ from KEMA a smart grid is called a ‘more Internet like’ energy grid. This also highlights the importance of 

ICT-technology in smart grid technology (Scott, Vaessen, & Verheij, 2008).  

The three most important goals of a future smart grid are: 

1. Shift transport of electricity in time to delay upgrades and prevent large investments in the infrastructure. 

2. Support the integration of distributed generation like photovoltaic solar panels and combined heat and 

power by shifting production and/or load in time. 

3. Maintain the power balance of supply and demand within a control area or an energy portfolio. 

These three most important goals can be fulfilled by using flexibility in electricity demand on a household district 

level. In the search for flexibility two options are possible (Veldman, Gibescu, Slootweg, & Kling, 2009):  

• Demand side management:  

Demand side management refers to controlling non time critical loads or loads with a long time 

constant. These could be for instance thermal processes, washing machines, electric vehicles or other 

non-time critical equipment. 

• Energy storage:   

Energy storage is storage of electricity or heat to shift the transport of electricity in time. Several 

examples of storage are batteries in electric vehicles, distributed storage directly connected to the 

low-voltage grid or hot water vessels. 
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Another goal of a smart grid could be the creation of a virtual power plant (VPP). A cluster of distributed 

generation like CHP and solar panels and load could be controlled by a central entity. The averaging effects of 

many distribute generators makes the production more predictable (Houwing, 2008).  

Figure 5 shows a schematic representation of a smart grid. There are different sources of distributed generation, 

PV-installations on the rooftops and micro-CHP visible. Furthermore, there is a possibility to charge the electric 

vehicles and the different energy sources and controllable appliances are connected through information lines.  On 

a household district level the following components can be distinguished: 

• Distributed generation 

• Controllable equipment 

• Energy storage 

• Smart meter 

A demand side management system is defined as a sub-system that controls the distributed generation, smart 

equipment and the storage capacity. All these four components and the demand side management system are 

described in the next section. 

 

  

FIGURE 5 VISUALIZATION OF THE SMART GRID (ENEXIS) 
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3.1.3 DISTRIBUTED GENERATION 

The difference between central generation and distributed generation is that distributed generation is connected 

to the low voltage or medium voltage distribution grid. The future household district consists out of houses with 

several forms of distributed generation. This could be combined heat and power (CHP) that use gas to generate 

heat and electricity, photovoltaic solar panels (PV) or a small wind mill. A problem with many forms of distributed 

generation is the unpredictability of the energy source. During the day the supply of electricity from solar panels 

can vary heavily because of clouds and during the night there will be no production at al. With combined heat and 

power the supply of electricity depends in most cases only on the heat demand of the household and not on the 

electricity demand (Veldman, Geldtmeijer, & Slootweg, 2009). Important is to mention that distributed generation 

itself is not part of the smart grid. However, one of the goals of a smart grid is to support distributed generation.   

3.1.2 CONTROLLABLE EQUIPMENT 

For demand side management different equipment must become controllable. This could be for example a 

washing machine or a dryer that automatically start washing or drying when the electricity price is low or when an 

actor indicates. Heat pumps and recharging spots for electric vehicles must become intelligent enough to turn on 

or off when the system indicates. 

3.1.3 ENERGY STORAGE 

An important part of the smart grid is the possibility to store energy. There are different possibilities for electricity 

storage: 

1. Electric vehicle: The electricity storage capacity of the electric vehicle could be used as a source where 

energy from for instance solar panels or wind mills can be stored in times of low demand. Through 

intelligent charging spots and ICT the car battery can automatically be charged. This could be during the 

night or during office hours when the car is not used (Mobilesmartgrid, 2010).  

2. Boiler vessel: A form of energy storage that can also be used is a boiler vessel. When supply is higher than 

demand electricity can be used to heat water and this can be stored for later use. 

3. Batteries: Batteries could be used in house to store electric energy from for instance solar panels during 

the day and use the energy during the evening or the night. Because of the high price of the different 

batteries it is not expected that these techniques will be used in house on a short notice. However, when 

a battery is used, a logical position will be close to the solar panels. This because these batteries are in 

many cases connected to the AC voltage of the PV-panel (Scott, Vaessen, & Verheij, 2008).  

4. Distributed storage: 

For several reasons a large battery could be installed connected to the low voltage grid close to a MV/LV 

substation. Figure 6 represents a 10 kV distribution network from Enexis (Veldman, Gibescu, Slootweg, & 

Kling, 2009). Possible locations for distributed storage are close to the MV/LV transformers in the picture.   
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FIGURE 6 DISTRIBUTED STORAGE CAPACITY CONNECTED TO THE LV-GRID (VELDMAN, GIBESCU, SLOOTWEG, & KLING, 2009, P. 4) 

3.1.4 SMART METER 

The smart meter is an advanced meter that can keep track of volume and time of usage of electricity and/or gas.  

The meter is introduced to provide consumers of electricity information about their energy usage and costs so they 

can minimize their energy consumption and carbon emissions (ESMA). However, there are other benefits as well. 

For example, it becomes possible to save on administrative costs related to the registration of electricity usage, to 

work with variable tariffs and to deliver electricity after payment. Another advantage is that it becomes possible to 

disconnect or decrease the bandwidth of individual customers or groups of customers safely and from a distance.  

An important disadvantage from the smart meter is privacy. According to Cuijpers et al. sending information to 

third parties with permission of the consumer will not be in conflict with the privacy, however the mandatory 

registration and sending of information will (Cuijpers & Koops, 2008). This information issue also shows the 

problem of data ownership. When electricity consumption is measured, it is not clear who owns the data and who 

is allowed to use it.  After privacy concerns from consumer groups in the Netherlands, the plan for the obliged 

introduction of the smart meter was called off on the 8
th

 of April 2009. At the moment of writing (October 2010), 

the smart meter is only available in the Netherlands by the DSO or other metering certified companies in case of 

newly built houses and on voluntarily basis (Enexis, 2010). 

For the definition of the smart meter the NTA standard from the Dutch normalization institute (NEN) is used. (NEN, 

2007).  
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The smart meter is an important element of a smart grid because it is a two way link between the distribution 

system operator and the customers with suitably controllable equipment. The smart meter allows the DSO to 

measure consumption or production real time and the data can be read on a distance through a mobile network 

(GPRS), the internet of the electricity grid itself. The smart meter possesses a display with actual energy 

consumption and three information ports.  

A schematically representation can be found in figure 7. 

 

FIGURE 7 SMART METER AND DIFFERENT PORTS AS PRESCRIBED IN THE NTA 8130 STANDARD (NEN, 2007, P. 8) 

 

The central access server (CAS) is a central computer where different independent energy service providers 

(ESCOs), suppliers and distribution grid operators have access to. They can send information about, for instance 

variable tariffs or other information directly to the households and they can receive information about energy and 

gas consumption. The smart meter is located in the house and posses three different information ports with 

different functions.   

The P1 port is for the connection of external service modules. This could be for instance a demand side 

management system or a display with information about energy price, carbon emissions or other information. An 

example of a system that can use the smart meter for information sharing is the plugwise system 

(www.plugwise.com). The P2 port is connected to the gas meter and other meters that are owned by a metering 

service company. The P3 port is connected to the central access server.   
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3.1.5 DEMAND SIDE MANAGEMENT SYSTEM 

To use flexibility in electricity consumption for the different goals mentioned in paragraph 3.1, a demand side 

management system can be used. For this research a demand side management system is defined as: 

‘All the ICT-technology and control systems to automate the process of demand side management’ 

The smart meter is part of this system and is used as information source about energy consumption and 

production. It is possible to connect the demand side management system to the smart meter through the P1 port 

(Lui, Stirling, & Henry, 2010). The different components of the demand side management system are derived from 

documentation from the KEMA related to the smart grid pilot ‘powermatching city’ in Groningen  

(powermatchingcity, 2010). 

The different components of a demand side management system are: 

1. A central server:  

The central server is a central computer at a certain location that receives the data from the different 

systems and appliances of the individual households. The computer receives smart meter data in the form 

of load and production profiles and consumption request from for instance washing machines or dish 

washers. It is possible to send price signals or direct load orders to the smart device controller to control 

load. 

2. Smart device controller:  

The smart device controller operates in the home area network by understanding the present usage and 

controlling the smart equipment in the house.  

3. Energy service gateway:  

The energy service gateway is a broadband modem in the different households to communicate with the 

smart device controller and the central server. 

4. ICT infrastructure:  

The ICT-infrastructure is for the communication between different appliances, the smart device controller 

and the energy service gateway. This could be wireless (e.g. UMTS) or through extra cables. 

5. Software:  

The software is one of the most important parts of the demand side management system. The software 

will decide, using several variables like for example the electricity price or network utilization, when and 

how to control appliances. 

6. Computer or in-home display:  

The computer or in-home display is the interface that is used by the service supplier (energy supplier, 

aggregator, DSO) to communicate with the consumer. On this device load profiles, price information and 

efficiency advice could be visible. The communication device in practice could be a smart thermostat, 

touch screens or a smart phone (KEMA, 2010). 

3.2 CONCLUSION SMART GRID DEFINITION 

A smart grid consists out of different components and sub systems which are all connected to each other to reach 

the different goals mentioned in this chapter. For this research the most important sub-system is of course the 

demand side management system, however this system is connected to all the other systems and cannot work 

without for instance the smart meter, storage or adjusted controllable appliances. One of the main conclusions 

from this analysis is that a holistic view of a future smart grid is crucial for its understanding.   
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4. FUNCTIONS AND ACTORS 

From the definition of a smart grid it and its functions it can be concluded that the different goals can be fulfilled 

by using flexibility in electricity demand. This chapter will evaluate the different functions flexibility could have 

created with two different methods followed by an overview of the actors that have potential benefits from it. In 

general, there are two methods to create flexibility in demand on a household district level: distributed storage 

and demand side management. The most obvious distinction between the two options is the involvement of the 

consumer. In general, distributed storage will not create inconvenience for the consumer. On the other hand, with 

demand side management consumers have to change their behavior. 

Figure 8 shows the two different options to create flexibility in electricity demand on a household district level. In 

the case of demand side management the consumer will offer flexibility to a controlling actor.  

 

FIGURE 8 FLEXIBILITY CREATED WITH DISTRIBUTED STORAGE AND DEMAND SIDE MANAGEMENT 

 

The flexibility in electricity demand can be used for different purposes. Paragraph 4.1 will discuss the different 

functions flexibility could have.  
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4.1 FUNCTIONS  

There are several functions of distributed storage and demand side management mentioned in the literature. 

Because of the corresponding goal of distributed storage and demand side management (to create flexibility), the 

functions of the two options are comparable as well. However, micro grid operation or islanding during power 

disruption is only possible with storage. Table 2 shows the different functions demand side management and 

storage could have mentioned in the literature. 

TABLE 2 DIFFERENT FUNCTIONS OF DISTRIBUTED STORAGE AND DEMAND SIDE MANAGEMENT 

Function Storage Demand side management 

Peak shaving by switching loads on 

and off during peak hours or off-

peak hours 

 

X X 

Support the integration of 

decentralized renewable energy 

sources into the electrical power 

system (e.g. PV and micro-CHP) 

 

X X 

Support the integration of large 

central generated renewable energy 

(e.g. large wind farms with 

unpredictable production of 

electricity) 

 

X X 

Economic load and/or storage 

management by switching loads on 

when the electricity price is low and 

switching loads off when the price is 

high. Storage, like for instance hot 

water vessels and batteries, can be 

used to store ‘cheap’ energy.  

 

X X 

Use the stored energy to let the 

network temporarily work in island 

mode during disruptions (islanding). 

This is also called a micro grid 

operation. 

 

X O 

Offer consumer services. 

 

O X 

 

Every function of distributed storage and demand side management is related to different interests of actors 

involved. In paragraph 5.2 four important actors and their possible interest in distributed storage or demand side 

management will be evaluated. 
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4.2 ACTORS AND INTERESTS 

The most important actors who are active at a household district level that could benefit from demand side 

management are the distribution system operator (DSO), large program responsible suppliers (PR-suppliers) and 

the consumer. A possible future actor could be an aggregator that manages a cluster of distributed generators 

and/or loads in a virtual power plant setting and has access to the spot market like the APX-index. An aggregator 

could also be a cooperation of consumers, housing corporations and municipalities or, according to B. Waldekker 

from the electricity company Greenchoice, a retailer with access to day ahead and intraday markets.  An energy 

service company (ESCO) could also be interested in demand side management. However, an ESCO will probably 

deliver demand side management services to an aggregator, supplier or DSO.  

From the literature and the socio technical regime analysis the different interests of the actors are summarized. In 

table 3 and table 4 the benefits of the actors can be found in the case of distributed storage and demand side 

management. The first column of the tables shows the functions mentioned in paragraph 4.1. It is assumed that 

distributed storage will not create a possibility to offer new consumer services. As a result this function is not 

present in table 3. On the other hand distributed storage can be used for islanding and this function is therefore 

not present in table 4. The other columns represent the different actors and their possible benefits to use 

flexibility.  

 

TABLE 3 ACTORS AND INTERESTS FOR DISTRIBUTED STORAGE 

Function DSO Program responsible 

supplier  

Consumer Aggregator with 

access to the spot 

market 

Peak shaving Efficient use of the 

grid and delay 

upgrades 

O O O 

System services:  

• Support 

distributed 

generation 

• Improve 

voltage 

quality 

• Islanding 

Reliability of supply 

and market 

facilitation 

Predictability 

distributed 

generation 

Reliability of supply 

and application of 

distributed 

generation  

Predictable 

distributed 

generation  

Integration of large 

central renewable 

energy sources 

O Lower costs related 

unbalance and 

reserve capacity 

investments 

Sustainability O 

Economic load and 

storage management 

O O O Earn money with 

economic load 

and storage 

management 
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TABLE 4 ACTORS AND INTERESTS FOR DEMAND SIDE MANAGEMENT 

Function DSO Program responsible 

supplier 

Consumer Aggregator with 

access to the spot 

market 

Peak shaving Efficient use of the 

grid and delay 

upgrades  

O O O 

System services:  

• Support 

distributed 

generation 

• Improve 

voltage 

quality 

Reliability of supply 

and market 

facilitation 

Predictability 

distributed 

generation 

Reliability of supply 

and application of 

distributed 

generation 

More predictable 

distributed 

generation 

Integration of large 

central renewable 

energy sources 

O Lower cost related 

unbalance and 

reserve capacity 

investments 

Sustainability O 

Economic load and 

storage management 

O O O Earn money with 

economic load 

management 

Offer new consumer 

services 

Market facilitation New market an 

possibility for 

differentiation 

New benefits like 

information services 

how to save 

electricity 

New market 

 

The different actors of the electricity regime have different interests for the application of storage and demand 

side management. The DSO is especially interested in peak having to delay large investments in the infrastructure , 

system services and to facilitate the electricity market. The reliability can be improved with islanding (Veldman, 

Gibescu, Slootweg, & Kling, 2009) or other support to improve power quality like for instance voltage profiles and 

harmonics (van Vlimmeren, 2010). On the other hand, a program responsible supplier is more interested in 

balancing supply and demand, making distributed generation more predictable or to deliver new service. An 

aggregator will be interested in economic load management, make distributed generation more predictable or to 

offer service.  

4.3 CONCLUSION ACTORS AND INTERESTS 

For this research it is chosen to apply a cost benefit analysis of three potential business models for demand side 

management. For every business model demand side management will have a specific function. The first business 

model will be for the DSO. In that case demand side management is used for peak shaving, which results in 

delaying upgrades of the LV-network. The second business model is in case of a program-responsible supplier 

where demand side management will be used for the integration of large scale renewable energy sources.  Costs 

related to unbalance as a result of intermittent unpredictable energy sources will be decreased as a result of load 

management. The third business model will be for an aggregator that uses flexibility for economic load 

management. In that case the economic benefits are a result of the ability to raise demand during times of low 

energy prices and lower demand during periods of high energy prices. Because one single household does in 

general not have access to the spot market, it is assumed that a consumer will be represented by an aggregator. In 

table 4 the three different investigated functions of demand side management are underlined.   
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PART II 

COST BENEFIT ANALYSIS 
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5. DEMAND SIDE MANAGEMENT AND FLEXIBILITY 

Demand side management or load management refers to the ability to control load (or a part of the load) by an 

actor for their benefit. To apply demand side management, a consumer has to offer flexibility. When offering 

flexibility brings no inconvenience for the consumer, it can be argued that compensation is not necessary 

(Veldman, Gibescu, Slootweg, & Kling, 2009). However, in practice the comfort of the consumer will be affected 

and (financial) compensation becomes inevitable.  

To be able to estimate the financial benefits for the DSO, electricity supplier and an aggregator, the performance 

of demand side management is evaluated followed an estimation of the capital cost and the types of flexibility 

needed. 

5.1 PERFORMANCE DEMAND SIDE MANAGEMENT 

The financial benefits depend among others on the amount of flexible load that is available. For a rough estimation 

of the amount of flexibility, an analysis is made of the electricity consumption of a number of household 

appliances. Table 5 shows the household appliances and average household consumption as a percentage of total 

consumption of an average household in the UK (Boardman, et al., 1995).  

TABLE 5 HOUSEHOLD APPLIANCES AND PERCENTAGE OF TOTAL CONSUMPTION (BOARDMAN, ET AL., 1995) 

Household appliance category Percentage of total consumption 

Lighting 24 % 

Cold Appliance (refrigerator and freezer) 24 % 

Wet appliances (washing machines, tumble dryers, 

and dish washers) 

13 % 

Brown goods (TV, Video, etc) 12 % 

Cooking appliances  19 % 

Miscellaneous appliances 7 % 

 

Flexible appliances are non time-critical or appliances with a long time constant like for instance typical thermal 

processes (air conditioners, freezers, washing machines, dish washers, etc). It is assumed that all wet appliances 

and a part of cold appliances are potential flexible loads. For the cost benefit analysis it is assumed that 

approximately 25 % of the current electricity consumption can be deployed flexible.   

Next to the existing household appliances the future scenario for the year 2030 is that there will be a 100 % 

penetration of electric vehicles and heat pumps. This means that there will be an extra peak load caused by 

charging electric vehicles and using heat pumps. For an estimation of the extra load caused by these new 

appliances, it is assumed that in the year 2030 the household is equipped with a 2.2 kW heat pump and a 3 kW 

electric vehicle charging spot (Lumig & Locht, 2009). For this analysis a single family dwelling with an annual 

electricity consumption of 3300 kWh in the year 2000 is used (EnergieNed, 2001, p. 50). To estimate the peak load 

in the year 2030 it is assumed that the electricity consumption of the household will grow with 1.5 % per year. As a 

result, the annual electricity consumption is equal to 5158 kWh in the year 2030 (without considering heat pumps 

and electric vehicles). The maximum peak load, without taking into account the electric vehicle and heat pump, in 

the year 2000 and 2030 is calculated with the method of Strand-Axelsson for a single family dwelling. A description 

of the Strand-Axelsson method and this calculation can be found in appendix 2. Taking into consideration the high 

simultaneity of heat pumps and electric vehicles, the 5.2 kW from these two appliances is added as additional load. 
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FIGURE 9 ASSUMPTIONS FLEXIBLE AND NON- FLEXIBLE LOAD SINGLE FAMILY DWELLING IN 2030 

Figure 9 shows the different loads of a future single family dwelling. Using the method of Strand-Axelsson, the 

maximum load in the year 2000 of a single family dwelling with an annual electricity consumption of 3300 kWh is 

equal to 2.26 kW. For an annual consumption of 5158 kWh in the year 2030 this will be equal to 3.10 kW. 

However, flexible load is defined as controlling non-critical loads or loads with long time constant, which imply that 

altering the simultaneity of the loads is essential for the amount of flexibility. There is much unclear about feasible 

decrease of simultaneity and they are different for every appliance, looking at the characteristics of several 

potential flexible appliances the estimated simultaneity used for this analysis is equal to 0.5. This means that only  

50 % of the available flexible load is ‘movable’. The calculations for a future single family dwelling can be found in 

table 6.  

TABLE 6 ESTIMATIONS OF FLEXIBLE AND NON-FLEXIBLE LOAD OF A HOUSEHOLD 

 2000 2030 

Annual electricity consumption 3300 kWh 5158 kWh 

Max load single family dwelling 2.26 kW 3.10 kW 

Non-flexible load (75 % load) 1.70 kW 2.30kW 

Flexible load (25 % load) 0.56 kW 0.80 kW 

Electric vehicle + Heat  pump 0 kW 5.20 kW 

Total flexible load 0.56 kW 6.00 kW 

Pmax household without DSM 2.26 kW 8.30 kW 

Total movable load  

(simultaneity = 0.5) 

0.28 kW 3.00 kW 

Pmax household with DSM 1.98 kW 5.30 kW 

Percentage of total load flexible  13 % 36 %  
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The amount of flexible load as a percentage of the total load is not only interesting for individual households but 

also for a number of households (e.g. in case of delaying upgrades of transformers where many households are 

connected to). To estimate the growth rate of the peak load in case of more than one household, the outcomes 

from a single household are projected to a situation of multiple households assuming a gradual adoption over time 

of electric vehicles and heat pumps. This makes it possible to add a trend line between a maximum load in the year 

2000 and 2030.  Figure 10 shows that the amount of flexible load will increase from 13 % in 2000 to 36% in 2030 

which can also be found in table 6. With the application of demand side management the peak load grows with 

approximately 3.4 % per year. 

 

FIGURE 10 PEAK LOAD OF A STANDARD HOUSEHOLD CHANGED AS A RESULT OF INCREASED DEMAND AND THE APPLICATION OF HEAT 

PUMP AND ELECTRIC VEHICLE 

5.2 COSTS DEMAND SIDE MANAGEMENT SYSTEM 

Obviously, the capital costs related to a demand side management system are for the cost benefit analysis of 

importance. At the moment a demand side management system can be seen as a niche technology with a high 

price-performance ratio. A technological solution for demand side management at the moment is for example the 

Plugwise system. With this system appliances can be controlled by connecting them to plugs that can 

communicate with a central computer. The costs mentioned on the website for the basic model is equal to 

€ 124.95 (www.plugwise.com, 2010). However, from a consultation with the company Plugwise it became clear 

that complete installation of demand side management for a pilot project will lie between 300 and 1100 euro per 

household, depending on the number of displays and options. A problem with using current prices is that it is 

plausible that prices will decrease tremendously in the future as a result of economies of scale. For example, the 

price of solar modules decreased from 27 $ / watt in 1982 to 4 $ / watt today, which imply a decrease of more 

than 600 % (solarbuzz, 2010). As a result, the estimated price of a demand side management system used for the 

cost benefit analysis lie between 20 and 100 euro, which is much lower than the price in case of a pilot project.    

3.4 % 

36 % Movable load 

13 %  
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5.3 CONCLUSION DEMAND SIDE MANAGEMENT AND FLEXIBILITY 

From this analysis it can be concluded that the amount of available flexible power depends heavily on the 

introduction of potential flexible appliances, like for instance heat pumps and electric vehicles. Assumptions about 

future electricity use and simultaneity of flexible appliances were necessary to estimate the amount of movable 

load. Nevertheless, with the assumptions made, it can be concluded that that the amount of flexible power will 

increase as a result of heat pumps and electric vehicles and will lie between 13 % and 36 %. Assuming a gradual 

adoption of heat pumps and electric vehicles and projecting the outcomes of one household directly to a situation 

of several households, the growth rate of peak load with the application of demand side management is equal to 

3.4 %. The capital costs for a demand side management system on the other hand depends heavily on the 

advantage of economies of scale in the future. Looking at current prices of demand side management systems 

used for pilot projects and for commercial use, the estimated price of a demand side management system will lie 

between 20 and 100 euro per household. The next paragraph will shortly discuss the different types of flexibility 

related to the specific functions and the actors that benefit from it.  
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6. INTERESTS AND FLEXIBILITY 

Flexibility has different functions for the three investigated business models. As a result, the moments and 

direction of the flexible demand could be different. In the next section the possible directions and moments of the 

manageable load will be discussed for all three cases. To decrease the complexity, the function of a demand side 

management system will be only peak-shaving in case of DSO-control, the integration of large sustainable energy 

source in case of supplier-control and economic load management in case of aggregator-control. 

6.1 PEAK SHAVING  

The function investigated for the DSO business case is peak shaving, which results in more efficient use of the grid 

and delay of grid upgrades (table 4). At the moment, the distribution network is dimensioned and designed on the 

peak load and therefore over dimensioned. However, with the trends of increasing demand and distributed 

generation it becomes important and necessary to use the network more efficient and closer to its maximum 

capacity (Veldman, Gibescu, Slootweg, & Kling, 2009). Figure 11 shows the average power profile (Ecofys profile) of 

one household on January 1
st

 2007. As can be seen, there are two peaks around eleven o’clock in the morning and 

seven o’clock in the evening. When demand side management is applied for peak shaving, non time-critical power 

during peak hours will be moved to off-peak moments. 

 

FIGURE 11 AVERAGE PROFILE OF HOUSEHOLD DURING THE DAY AND FLEXIBILITY IN THE CASE OF PEAK SHAVING (ECOFYS PROFILE) 
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6.2 INTEGRATION OF LARGE RENEWABLE ENERGY SOURCES 

For the supplier business model the function of demand side management will be the integration of large central 

renewable energy sources.  The supplier is defined as a program responsible producer with generation capacity, a 

share of intermittent sustainable energy and a certain energy consumer portfolio. 

In this case the main goal of the demand side management system is to balance supply and demand. This means 

that the flexibility of load will lie on moment with surplus or shortage. When there is more supply caused by for 

instance more wind than expected, the supplier wants to raise demand. In the case of less wind, the supplier wants 

to lower demand. The arrows in figure 12 represent the possible flexibility asked from the household depending of 

the supply of available intermittent renewable energy.  

 

 

FIGURE 12 AVERAGE PROFILE OF HOUSEHOLD DURING THE DAY AND FLEXIBILITY IN THE CASE OF THE INTEGRATION OF LARGE RENEWABLE 

ENERGY SOURCES (ECOFYS PROFILE) 
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6.3 ECONOMIC LOAD MANAGEMENT 

Economic load management refers to moving load from moments with high energy prices to moments with low 

energy prices. For aggregator-controlled demand side management it is assumed that the aggregator has access to 

the APX-spot market. To explain this, figure 13 shows the average demand of a household and the spot-market 

price on January 3th 2006. During times of low electricity prices, the flexibility will be used to increase demand and 

during high electricity prices demand will be reduced.  

 

FIGURE 13 AVERAGE PROFILE OF HOUSEHOLD DURING THE DAY AND FLEXIBILITY IN CASE OF ECONOMIC LOAD MANAGEMENT 

6.4 CONCLUSION FLEXIBILITY AND FUNCTIONS 

In practice consumers will offer a certain amount of flexibility at a certain moment in time in an indicated 

direction. The arrows in the figures represent the flexibility the consumers offer. An important conclusion from this 

analysis is that the direction of flexibility could be in opposite direction for the three different business cases. For 

example, during peak hours when the DSO wants to lower demand, the supplier or aggregator is possibly 

interested to raise demand as a result of unbalance or low energy prices.  

A promising solution for these opposite interests is a multi-agent system. Multi agent systems are software 

solutions where different appliances, generation units, spot-markets, or transformer utilization act as software 

agents. The electricity consumed or produced by devices are bought or sold on a virtual exchange market. The 

price of electricity depends on the price on the spot market and on the network facilitation. The eventual decision 

to control devices and move the loads will depend on a combination of these variables (Roossien, 2009). In the 

literature two types of agent software are mentioned: hierarchical- and local agent systems (E., Warnier, & Brazier, 

2009). In case of the hierarchical agent system, appliances communicate with a central computer that determines 

a local price. This matcher on the other hand will determine his price on agents higher in the hierarchy. In contrast, 

in case of a local agent system devices only communicate with other devices in close distance.  

For the cost benefit analysis multi-function solutions are not taken into account because of the complexity related 

to possible benefits. As a result, it is chosen to analyze three business cases with three specific functions.  In the 

next chapters the benefits for the DSO, program responsible supplier and aggregator are calculated using flexibility 

in demand applied for the goals explained in this chapter.   
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7. BENEFITS DSO 

In the literature several financial benefits for the DSO are mentioned (Veldman, Geldtmeijer, & Slootweg, 2009) 

(Strbac G. , 2008) (NetbeheerNederland, 2009) (Veldman, Gibescu, Slootweg, & Kling, 2009) (van Vlimmeren, 

2010). In case of the cost benefit analysis for the distribution system operator demand side management is used 

for peak shaving.  

The DSO can save money with demand side management on three different ways: 

1. Delay upgrade of the MV/LV transformer 

2. Delay construction of extra cables 

3. Reduce grid component losses 

Using the network more efficient by moving loads from peak moment to off peak moment will reduce the 

transport losses. On the other hand, as a result of thicker cables and larger transformers after an upgrade, the 

network losses become smaller (Said, 2010). Because of the complexity of this factor, the magnitude and the fact 

that it will be different for every network, transport losses are neglected in the calculations.  

 

In practice, upgrades of transformers and cables are necessary when the capacity of LV-network becomes too 

small. When the boundary of LV-network is reached the DSO has two options: 

1. Upgrade the LV-network immediately 

2. Apply demand side management and delay upgrades 

When demand side management is applied, the upgrade can be delayed depending on the growth rate of the peak 

load and the amount of movable load during peak hours. From these two variables the amount of years an 

upgrade can be delayed can be calculated with formula 1.  (Abou Chacra, Bastard, Fleury, & Clavreul, 2005): 

 

∆� � log �1��log�1 � ��                              �1� 

 

Where:  

 

λ = Reduction ratio of peak load (1-movable load) 

τ = Annual growth rate peak load 

ΔN = delay upgrades in years 

Chapter 5 showed that the amount of flexibility lies between 13 and 36% depending on the amount of potential 

flexible appliances now and in the future. Because of the uncertainty about the future and the feasible 

simultaneity decrease of these appliances, the calculation is applied for flexibilities ranging from 10 to 40%. The 

annual growth rate of the peak load τ is equal to 3.4 % which is derived in chapter 5.   
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As a result of the delayed investments, money that normally is spent can be saved for a certain period. The total 

benefit per household as a result of this delay can be determined with the predicted annual inflation during this 

time period and the discount rate (Abou Chacra, Bastard, Fleury, & Clavreul, 2005). The financial benefit per 

household is equal to: 

 

�1 �
�
 ! "1 # �1 � 
1 � $�

∆%&
                             �2� 

 

Where: 

B1 = benefit as a result of delayed investment per household 

i = inflation 

d = discount rate 

Cinv = capital cost cables and transformers household district 

ΔN = delay upgrade in years 

n = number of households 

From the year 1987 until 2009 the average inflation was equal to 2.1 % (CBS, 2010). As a result, the inflation used 

for these calculations is taken 2.1 %. A discount rate of 5 % is used within Enexis and used for this analysis. The 

different assumptions can be found in table 7. From an analysis of current MV/LV transformer upgrade costs and 

costs mentioned in Said (2010) the capital cost used for this analysis lie between € 20,000.- and €60,000.- for a LV 

network with 50 LV-connections. The exact capital costs of transformers and cables are different for every 

network. It depends on the location, the utilization of the infrastructure, the cable length and how difficult it is to 

install the transformer or construct a new cable.   

TABLE 7 ASSUMPTIONS ECONOMIC BENEFIT ANALYSIS DSO 

Assumption Value 

Reduction ration peak load 10-40% 

Annual growth rate peak demand 3.4 %  

Inflation (CBS, 2010) 2.1 % 

Discount rate (source: Enexis) 5 % 

Capital costs MV/LV transformer and cables 20,000 – 60,000 euro 

Number of households 50 

Estimated capital cost demand side management 

system per household  

20 – 100 euro 
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7.1 RESULTS AND CONCLUSION 

The results of the calculations for different capital costs and flexibility can be found in table 8. 

TABLE 8 CAPITAL COSTS AND POSSIBLE FINANCIAL BENEFITS ENEXIS 

Flexibility Delay in years Benefits per household 

Cinv = € 20,000.- 

Benefits per household 

Cinv = € 60,000.- 

10 % 3.15 € 34.- € 101.- 

20 % 6.67 € 68.- € 205.- 

30 % 10.67 € 103.- € 310.- 

40 % 15.28 € 139.- € 418.- 

 

Whether the application of demand side management is interesting, depends on the investment costs of a 

demand side management system per household. The estimated costs for a demand side management system in 

the year 2030 lies between 20 and 100 euro dependent on the amount of options and displays. With different 

values of peak load reduction also the maximum delay in years will be different. Only during this period demand 

side management can be used for this specific purpose. To break even, the costs for a demand side management 

system may lie between € 34.- and € 418.- depending on the available flexibility and capital costs of transformers 

and cables. From this analysis it can be concluded that demand side management applied by the DSO for this 

purpose could be interesting but depends on the peak shave performance and the capital costs of transformer and 

cables.  

7.1.1 TRANSFORMER UTILIZATION ENEXIS-TRANSFORMERS 

To demonstrate the location specific value of demand side management, the distribution of the utilization from 

14988 Enexis-transformers in 2010 can be found in figure 14. The figure shows that most of the transformers are 

utilized between 50 and 70 % and only 12 % of all the transformers between 90 and 130 %.  This means that there 

is only a liable business case for demand side management at locations where investments in transformers and 

cables are necessary, which is only a 

small percentage of all the MV/LV 

transformers. A conclusion from this 

figure is that demand side 

management, when applied 

especially for delaying upgrades, will 

only have value at specific locations 

for a specific time periods. In the 

future, with the increasing peak load 

as a result of heat pumps and electric 

vehicles, more transformers will 

reach their maximum capacity and 

demand side management becomes 

interesting at more locations.  

 

 
FIGURE 14 UTILIZATION OF 14988 ENEXIS TRANSFORMERS 
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8. BENEFITS PROGRAM-RESPONSIBLE SUPPLIER 

In case of a program responsible supplier demand side management is used for the integration of large central 

renewable energy sources.  The benefits of a supplier are dependent of the energy generation portfolio and the 

ability of a supplier to comply with their submitted energy programs (e.g. predictability of supply and demand). For 

this study the assumption is made that the PR-supplier has installed a significant amount of wind capacity next to 

conventional generation.  

According to Strbac (2008) the actual value of a demand side management system is especially affected by the 

flexibility of the conventional generation owned by the PR-supplier (Strbac, 2008, p. 4422). There are three 

generation systems discussed by Strbac (2008). In the first place there is low flexible generation (LF). This is for 

instance a nuclear power plant, that runs on full power and cannot be switched on and off easily. The medium 

flexible generation option (MF) is a power plant that can more easily be switched on and off, but is limited in the 

ability to run part loaded.  The third generation system is high flexible generation (HF) like for example OCTG-

plants (Open Cycle Gas Turbine) that can be switched on and off easily and can run part loaded (Strbac & Black, 

2004). For this analysis it is assumed that the program responsible supplier owns low flexible generation and 

therefore depends on the balance market.  

For the analysis and an estimation of the benefits as a result of demand side management, the costs as a result of 

unbalance and the procedure for a program responsible supplier are described in paragraph 7.1. 

8.1 THE CURRENT SITUATION 

At the moment of writing (2010), the program responsible party delivers an E-program to Tennet a day before the 

delivery of electricity (Wenting, 2002). This program is a prediction of only generation (conventional and wind), 

only consumption or a combination of both. When the balance is applied separately (only production or 

consumption) overestimation or underestimation cannot be cancelled out with under or overestimation of 

consumption (van der Veen & Hakvoort). To apply demand side management the program responsible party must 

deliver an E-program composed of estimated production and consumption.  

Summarized, the PR-supplier possesses conventional low flexible generation, unpredictable flexible wind power 

and a consumer energy portfolio. Figure 15 represents the several predictions a program responsible supplier has 

to make for its E-program. For a large number of consumers the consumption is fairly predictable and also the 

production of the conventional generated power is predictable. However the wind capacity is bounded predictable 

and is related to the wind forecast of the next day.   
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To understand the possible value of a demand side management system the procedure of program responsibility is 

evaluated in the next part.  

8.1.1 SYSTEM OF PROGRAM RESPONSIBILITY 

The system of program responsibility can be divided in four phases (Wenting, 2002): 

1. Medium term phase (can be a few years or a few days) 

2. Preparation phase (day before operation) 

3. Operational day (one day) 

4. Settlement phase (weekly, ten days after the ending of the week) 

The first phase contains the long term contracts for energy production and consumption. For example, long term 

maintenance decisions for the infrastructure are planned by the TSO en DSO during this phase. This phase will take 

place between a few year and a few days (Wenting, 2002). 

 

 

Supplier  

(program responsible/balance 

responsible party) 

Demand  

(consumer portfolio) 

Production 1: 

conventional 

generation 

Energy program 

Predictions 

Predictions 

Production 2: 

wind capacity 

Predictions 

FIGURE 15 ENERGY PROGRAM WITH PREDICTED GENERATION AND CONSUMPTION 
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During the preparation phase, which takes place a day before real production and consumption, the E-programs 

are prepared on the basis of the predictions. In this case the E-program will consist out of production and 

consumption predictions and will be delivered to the TSO (Tennet). The operational phase is the day when the 

actual transport of electricity takes place. The program responsible supplier is obliged to use the balance market, 

flexible generation or flexible demand to comply with the delivered program in case of deviation. During the 

settlement phase the financial consequences as a result of unbalance are settled between the TSO and the PR-

suppliers. In the Netherlands there is a weekly settlement, ten days after the ending of the week (van der Veen R. , 

2007). The three phases can be schematically found in figure 16. 

 

 

 

 

 

 

 

 

 

 

Energy unbalance means a transaction with the TSO (Tennet) and therefore costs for the PR-supplier. Tennet 

receives bids for reserve capacity which are put in a price ladder. In figure 17 the different bars represent the bids. 

As can be seen is the price of electricity higher than the market price in the case of shortage and lower in the case 

of surplus.  

 

 

  

FIGURE 16 THREE PHASES OF PROGRAM RESPONSIBILITY 

FIGURE 17 PRICE LADDER IN THE CASE OF SHORTAGE AND SURPLUS (WENTING, 2002, P. 10) 
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The difference between the market price and the balance price creates an incentive to stick to the submitted E-

program. In the case of more unbalance than usual, Tennet introduces a stimulation component as an extra 

incentive to comply with the submitted program (Wenting, 2002). The unbalance price is determined for every 

fifteen minutes of the day (program time unit PTU).  

Related to the unbalance during the day there are three different scenarios: 

1. More electricity production than predicted (surplus) 

2. Less electricity production than predicted in E-program (shortage) 

3. No surplus or shortage. 

Figure 18 shows the situation like it exists today without a demand side management system. The costs for the 

supplier are defined as the difference between the market price and the balance price.  As was confirmed by R. van 

de Veen is the APX-index a good representation of the market price. 

 

Surplus

E-program

Customer portfolio

Wind park 

production

Conventional 

generation/bilateral 

contract

Predictions

(Preparation phase)

Balance market

Predictions

(Preparation phase)

 

FIGURE 18 CURRENT SITUATION FOR PR-SUPPLIER WITHOUT DEMAND SIDE MANAGEMENT SYSTEM 
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8.2 SITUATION WITH DEMAND SIDE MANAGEMENT AND BENEFITS 

When the PR-supplier can control a part of the demand, the unbalance costs will be lower. It is therefore assumed 

that over or underproduction of the wind park can be compensated with over or under consumption. A 

schematically representation of this situation can be found in figure 19. 
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FIGURE 19 SITUATION FOR PR-SUPPLIER WITH DEMAND SIDE MANAGEMENT SYSTEM 
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For the benefit calculation all the PTUs (15 minutes) of the year 2006 with surplus and shortage are summed. The 

difference between the APX-index (market price) and the intra-day balance price is multiplied with the flexible 

energy depending of the moment of the day. During the interview with R. van der Veen, an expert in the field of 

balance markets, it is confirmed that this is a method to estimate the potential benefits from demand side 

management.    

In the case of surplus the benefit are equal to: 

� � (  �)*+
 $,� $-. -/,-$ # 0 1-2- �, 	3
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In the case of shortage the benefits are equal to: 

� � ( �0 1-2- �, 	3
�, 
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 $,� $-. -/,-$� 5 62,�
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During the research the APX-index from the year 2006 was available; other historical data had to be purchased at 

the website of the APX (apxendex, 2010). As a result, the balance market prices from the year 2006 are used with 

the APX-index as a reference for the market price (APX, 2010) (http://www.tennet.org, 2010). Like also applied for 

the DSO-business case, the financial benefits are calculated for available flexible power ranging from 10 to 40 %. 

The flexible load is defined as the percentage of the average load determined with the ecofys profile of 2007. To 

estimate the electricity consumption in 2030 of a standard household (3300 kWh in the year 2000), a growth rate 

of 2.5% is used over a period of 30 years. Figure 20 shows an average demand profile on the 1
st

 of January 2006 

with flexibility.  

A subject for debate is the decision to use the ecofys-profile from the year 2007 to estimate the amount of 

flexibility in the future electricity regime. Load profiles can change radical as a result of the application of heat 

pumps and electric vehicles. However, future demand profiles are not known yet and therefore the average load 

profile from the year 2007 is used.  
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FIGURE 20 AVERAGE LOAD PROFILE HOUSEHOLD WITH ESTIMATED AMOUNT OF FLEXIBILITY 

Table 9 shows the assumptions made for the calculation of the potential benefits of a program-responsible 

supplier. 

TABLE 9 ASSUMPTIONS ECONOMIC BENEFIT ANALYSIS PR-SUPPLIER 

Assumption Value 

Household annual consumption 2000 3300 kWh 

Electricity demand growth 2.5 % 

Household annual consumption 2030 6922 kWh 

Ecofys profile 2007 

Balance prices 2006 

APX-index 2006 

Flexibility 10-40 % 

Estimated capital cost demand side management 

system per household 

20-100 euro 

 

In paragraph 7.3 the results of the calculations are evaluated followed by a conclusion. 

8.3 RESULTS AND CONCLUSION 

With data of the balance market and APX-index from the year 2006 the financial benefits are calculated per future 

household with an annual electricity consumption of 6922 kWh. The maximum amount of flexibility is determined 

with the average demand profile of a household according to the ecofys profile from the year 2007. Table 10 

shows the results from the calculations in case of four different amounts of flexibility. 

  

Flexibility 

Flexibility 
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TABLE 10 BENEFITS SUPPLIER IN CASE DEMAND SIDE MANAGEMENT IS APPLIED FOR THE INTEGARTION OF LARGE RENEWBLE ENERGY 

SOURCES 

Flexibility Surplus Shortage Benefits per 

household (2006 

data) 

Payback period 

10 % € 13.- € 16.- € 29.- 0.7 – 3.4 year 

20 % € 25.- € 31.- € 56.- 0.4 -1.8 year 

30 % € 38.- € 47.- € 85.- 0.2 -1.2 year 

40 % € 50.- € 63.- € 113.- 0.2 – 0.9 year 

 

From the results it can be concluded that the amount of flexibility is crucial for the financial benefits for a program 

responsible supplier. The annual savings as a result of demand side management lie between 29 and 113 euro per 

household per year. With estimated costs for a demand side management system that lie between 20 and 100 

euro, the payback period will be between 0.2 and 3.4 years depending of the capital costs of the system and the 

amount of flexible power available. On the other hand, it became clear that predictions of electricity demand are 

only possible in case of a large number of consumers. As a result it could be argued that scale for a program 

responsible supplier is important in case of load management.  

Although the model can tell something about the costs related to unbalance, it also contains several shortcomings. 

In the first place the benefits are calculated with APX-data and balance prices from the year 2006. However, it is 

likely that the share of intermittent sustainable energy sources in the future energy mix will be much larger (MEZ, 

2008). This will imply more imbalance and therefore higher balance prices. R. van der Veen, expert of balancing 

markets, confirms this. The value of a demand side management system could therefore be much higher in the 

year 2030.  The next shortcoming of this model is that all the benefits of demand side management during all the 

PTUs with unbalance are summed. In practice, one PR-supplier will never use all the PTU’s during the year. 

Speculation on the unbalance market is also not included in the model. PR-suppliers can for instance deliberately 

create imbalance by over contracting or internal balancing to reduce the risk of negative imbalance (van der Veen 

R. , 2007).  Second order benefits like for instance environmental benefits are not taken into account as well.  
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9. BENEFITS AGGREGATOR 

An aggregator could have the advantage to have access to a spot market. This type of actor could be a retailer, 

local energy company that represent a group of households or a party that uses distributed generation and load in 

a virtual power plant setting. As a result it is expected that these financial benefits have direct influence on the 

electricity bill of consumers; however, this depends on the type of aggregator. When an aggregator has access to 

for instance the APX-index, demand side management can be deployed for economic load management by moving 

loads from periods with a high electricity price to periods with low electricity price. In that case economic load 

management and access to the spot-market result in economic benefits for the aggregator and consumer. For this 

analysis the APX-index from the year 2006 is used. In paragraph 9.1 the method to estimate the benefits as a result 

of economic load management is described for one household, followed by the results. 

9.1 APX-INDEX  

To estimate the possible benefits as a result of demand side management, it is assumed that an aggregator will use 

flexibility to lower demand in case of a high energy price and raise demand during times of a low energy price. To 

define what is high and what is low, the average energy price of the APX-index is used for the year 2006. Two 

situations can occur: 

1. Electricity price > Average electricity price over 2006 

2. Electricity price < Average electricity price over 2006 

Over the year 2006, 38% of the time the electricity price was higher than average. The flexibility used during times 

of high and low electricity prices is a percentage of the average load over the year determined with the ecofys 

profile. The energy shifted from the moment of a high electricity price will be spread over periods with a low 

electricity price. Figure 21 shows an example of the APX-index during the day. When the price is higher than 

average, flexibility will be deployed to reduce demand and when the price is below average to increase demand. 

The calculation is applied for all the hours of the year 2006. 

 

FIGURE 21 EXAMPLE OF THE APX-INDEX DURING THE DAY AND FLEXIBILITY USED 

Reduce demand 

Increase demand 
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To estimate the electricity costs of a future household an annual electricity consumption of 6922 kWh is used 

analogue with the household used for in the previous business case. The average electricity price obtained from 

the APX-index from the year 2006 is equal to € 0.058, which is defined as the boundary for deploying flexible 

power in positive or negative direction. The assumptions made for the calculations can be found in table 11. 

TABLE 11 ASSUMPTIONS ECONOMIC BENEFIT ANALYSIS AGGREGATOR CONTROL 

Assumption value 

Household annual consumption 2000 3300 kWh 

Electricity demand growth 2.5 % 

Household annual consumption 2030 6922 kWh 

Ecofys profile 2007 

APX-index 2006 

Average electricity price APX-index 2006 0.058 €/kWh 

Average electricity price 2006 source: (CBS, 2010) 0.196 €/kWh 

Tax 2006 source: (http://www.energiecentrum.nl/) 0.0705 €/kWh 

Estimated capital cost demand side management 

system per household 

20-100 euro 

 

In paragraph 9.2 the results of the calculations are presented followed by a conclusion. 

9.2 RESULTS AND CONCLUSION 

The financial benefits for an aggregator are equal to the sum of all the quarters in 2006. To explain the model, the 

APX-index and the load profile of an average household for the first week of January in 2006 are visualized in figure 

22. In case the APX-price is larger than average, the demand of the household will be decreased with demand side 

management between 10 and 40 %. The energy is moved to the off-peak moments where the electricity price is 

lower than average. The average electricity price of 2006 is used to compare the costs with access to the APX-

market and without access to the APX-market. The average electricity price per kWh, including energy taxes, was 

equal to € 0.196 per kWh (CBS, 2010).  

 

FIGURE 22 APX-INDEX AND ECOFYS PROFILE FIRST WEEK OF JANUARY 2006 
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Figure 23 shows schematically the different profiles for one day in case of different amounts of flexibility and table 

12 shows the results of the calculations. 

 

FIGURE 23 DAY PROFILE IN CASE OF DIFFERENT AMOUNTS OF FLEXIBILITY 

TABLE 12 BENEFITS AGGREGATOR WITH ECONOMIC LOAD MANAGEMENT 

Flexibility Electricity cost  

(APX-price + tax) 

Financial benefit per 

household (2006 data) 

Payback period 

0 % € 930.- € 0.- - 

10 % € 916.- € 14.- 1.4 – 7.1 year 

20 % € 902.-  € 28.- 0.7 – 3.6 year 

30 % € 887.- € 43.- 0.5 – 2.3 year 

40 % € 873.- € 57.- 0.4 – 1.8 years 

 

As was also concluded from the analysis of the business model for the program responsible supplier, the amount 

of flexibility is crucial for the financial benefits. The electricity costs in the second column of the table are tax 

included and the difference with the case with no demand side management is defined as the financial benefit. As 

a result, the benefits lie between 14 and 57 euro per household per year. With the estimated capital cost of a 

demand side management system of 20-100 euro the payback period will lie between 0.4 and 7.1 years depending 

on the amount of flexibility.   
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Using the average price of electricity in 2006 mentioned on the website of the statistical bureau in the Netherland 

(CBS, 2010), the electricity costs will be € 1357.- per year in case of a fixed tariff. This means that there is a 

significant difference of € 427.- per year between buying electricity directly on the APX-market or through a fixed 

tariff from a retailer or supplier. According to these results it can be concluded that for consumers it will be 

especially interesting to buy their electricity directly on the spot market. The financial benefits as a result of 

demand side management are relatively small in comparison with this benefit. 

Although the model can tell something about the possible benefits aggregators could have as a result of demand 

side management, it is not clear how much this will be in the future. For example, more and heavier fluctuations 

on the APX-market could result in more financial benefits. Next to this, the used model is relatively simple and 

using ‘smarter’ algorithms to react on movements of spot markets could result in more financial benefits as well.  

6.3 CONCLUSION COST BENEFIT ANALYSIS 

In chapter four, five and six the potential financial benefits for three different actors are determined when demand 

side management is used for a specific goal. For the DSO the financial benefits as a result of delaying upgrades are 

dependent on the capital cost of transformers and cables and the amount of flexibility. In case of a program 

responsible supplier and an aggregator the financial benefits depends on fluctuations on the balance and APX-

market and the amount of available flexible power. For the cost benefit analysis, balance and APX prices from the 

year 2006 are used.  

For the DSO the financial benefits, over the years that an upgrade can be delayed, lie between € 34.- and € 113.- 

per household depending on the upgrade capital cost and the amount of flexibility. This means that to break even 

a demand side management system may not cost more than the total financial benefit and the system only have 

value for the period an upgrade can be delayed. On the other hand, for a program responsible supplier the 

benefits lie between € 29.- and € 113.- per household per year. For an aggregator that uses demands side 

management for economic load management the benefits lie between € 14.- and € 57.- per household per year. 

When demand side management is applied by a certain actor, consumers have to deliver flexibility. When this 

brings inconvenience compensation becomes necessary and therefore a contract with a consumer. The contract 

structure will be discussed in the next chapter followed by several barriers for these contracts. 
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10. FLEXIBILITY AND CONTRACTS 

A demand side management system is solely a technical system that makes it possible to influence demand. 

However, the difficulty lies in the fact that demand side management can lead to inconvenience for the consumer 

and that compensation becomes necessary. The presumable arrangements and contract structure between the 

consumer and a controlling party can be predicted with the Transaction Cost Economic theory. A description of this 

theory is given in the next paragraph. 

10.1 TRANSACTION COST ECONOMICS 

The theory of transaction cost economics (TCE) is most associated with the work of Oliver Williamson who wrote 

several books and articles about it (Williamson, 1998) (Williamson O. E., 1985). 

Like in the classical economic theory, the theory about transaction cost economics assumes that firms in a free 

market are profit maximizing and therefore cost minimizing. Where it differs from the classical economic theories 

is that Williamson makes a distinction between transaction costs and production costs (Williamson O. E., 1998). 

The production costs are the costs to build and run production trajectory for the production of products while the 

transaction costs are related to imperfections during transactions. These imperfections are also called market 

failures and can result in costs for people and firms who want to buy or sell goods. According Williamson, there are 

two important assumptions about how human actors that create transaction costs: 

1. Bounded rationality 

2. Opportunism 

10.1.1 BOUNDED RATIONALITY 

Bounded rationality refers to the behavior of people who are intendedly rational but bounded rational because of 

limited memories and cognitive power. For example, lack of knowledge about suppliers can create situations 

where customers pay too much for a good (Williamson O. E., 1998). This means that there is transaction cost 

involved for the buyer or the seller of the good. A conclusion from the Transaction Cost economic theory is that all 

complex contracts are therefore unavoidable incomplete.  

10.1.2 OPPORTUNISM 

The second description of humans is opportunism, which refers to self interestedness of human actors. The idea is 

that people are not always truthful and honest about their decisions and may take advantage out of circumstances 

where they can exploit another human actor. It is important to mention that Williamson in his article does not 

predict that humans behave opportune all the time, but only some of the time. When humans behave 

opportunistic or not is unpredictable. 
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10.1.3 CONTRACTS AND UNITS OF ANALYSIS 

For this research the transaction cost economic theory will be used to analyze the possible structure of the 

contract between consumers and a party that is interested in flexibility related to demand side management. 

There are many attributes of a transaction, however only three variables have shown to be especially influential in 

the study of commercial transactions (Williamson O. E., 1998): 

• Frequency of the transaction 

• Uncertainty  

• Asset specifity 

These three variables will be shortly explained in the next section. 

10.1.4 FREQUENCY OF TRANSACTION 

The frequency of the transaction is one of obvious variables to deal with. However, this is not directly related to 

the contract with the consumer, but more the question if the system will be vertically integrated or not. There will 

never be a situation that a firm wants to purchase something that will be rarely used. This is for example the case 

with consultancy. Most firms do not want to set up a large consultancy department on their own because these 

consultancy services are in many cases rarely used. Next to this, specialized consultants are in many cases more 

skilled.  

The frequency of the transaction can also be used to analyze a possible contract structure. Contracts between a 

seller and a buyer will look different in the case when the frequency of the transaction is low than when the 

frequency is high. This happens for instance with the purchase of car. The transaction takes place only once and 

therefore a spot market price is the easiest form of a contract. In contrast, cell phone subscriptions where people 

pay for every minute they use the phone, a long-term contract would be the best option.  

10.1.5 UNCERTAINTY 

The uncertainty of the transaction is one of the more interesting and less obvious variables. The uncertainty of a 

transaction is related to the length of time a transaction takes place. On spot-markets the uncertainty is low 

because one does not have to predict the future. In contrast, long term contract involve more uncertainty. People 

who enter into a long contract will have the uncertainty if the other party agree with the engagement or go out of 

business. 

10.1.6 ASSET SPECIFITY 

Asset specifity is probably the most important variable that influences the structure of future contracts.  The asset 

specifity tells something about the value of an asset in a specific transaction. If a good or service that is sold has 

only value in a specific case, the value is higher in that specific transaction. There are different forms of specific 

assent like for instance physical assets, human assets and site specific assets (Williamson O. E., 1998). In the case 

of physical assets the asset only has value for a specific purpose like for example a mold to create a certain specific 

product. In the case of a site specific asset the asset only has value on a designated location. Human asset 

specificity refers to humans with a certain specific skill that is only valuable in a certain production process.  
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10.2 TRANSACTION OF FLEXIBILITY 

To apply the theory of transaction cost economics on the business cases for demand side management, the 

frequency, uncertainty and the asset specifity of flexibility is defined. Figure 24 gives and schematic representation 

of this transaction where the household offers flexibility in return of compensation.  

The frequency of the transaction will be high for all three business 

models. In all three the situations the flexibility will be used all the 

time by moving load from peak to off-peak periods, from surplus 

to shortage moments or from moment of high to moment of low 

electricity price. 

The uncertainty is defined as the probability that the amount of 

flexibility, a consumer is able to deliver, will change dramatically 

on a short notice. At the moment this factor is quite uncertain. 

However, it is assumed that in the year 2030 the uncertainty about 

the amount of available flexibility is small for all three business 

cases as a result of experience with behavioral change and flexible 

appliances.  

10.2.1 ASSET SPECIFITY  

The asset specifity is one of the variables where the DSO, the PR-

supplier and the aggregator differ. The DSO is interested in cost 

savings as a result of delayed investment in transformers and 

cables. An important result from the benefit analysis is that the 

benefits are different for every transformer and location in the 

Netherlands. The site asset specifity is therefore high in the case of 

the DSO. 

In contrast, for the program responsible supplier and aggregator, 

demand side management can be applied for every household of 

the energy portfolio in the Netherlands. This makes the asset 

specifity of demand side management and flexibility low in case of 

supplier-control and aggregator control. 

  

Household

Actor that is interested 

in flexible load

FIGURE 24 THE TRANSACTION OF FLEXIBILITY 
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The transaction cost economic theory predicts that with a low uncertainty and low asset specifity, a spot contract 

is most plausible (Williamson O. E., 1998). This is the case for program responsible suppliers and aggregators with 

access to the spot market. In practice, variable electricity prices for consumers equipped with a demand side 

management system are a possibility. The demand side management system will react on real time price signals 

related to the balance market or the APX-index. If flexibility is offered by consumers, the compensation will be in 

the form of cost savings as a result of economic load management. The consumers however are still allowed to 

change electricity supplier. 

In case of the DSO with low uncertainty and high asset specifity, a long term contract with a controlling party is 

most likely. Because a demand side management system is only interesting for the DSO at locations with a high 

utilization of the infrastructure, the value of this asset will be higher at these specific locations. A long term 

contract could be in the form of cash compensation like flexible capacity tariff, free technology or rebate checks as 

a compensation for the delivered flexibility (Mckinsey&Company, 2010). The different possible contract structures 

for high or low asset specifity and uncertainty can be found in table 13. The contract structure in cases of DSO-

control, aggregator-control and supplier-control can be found in table 14. 

TABLE 13 DIFFERENT CONTRACTS IN CASE OF DIFFERENT ASSET SPECIFITY AND UNCERTAINTY (WILLIAMSON O. E., 1998) 

  Asset specifity  

Uncertainty  Low for both parties High for both parties 

 High Contract/vertical 

integration 

Vertical integration 

 Low Spot market Long-term contract 

 

TABLE 14 CONTRACT FORMS BETWEEN CONTROLLING ACTOR AND CONSUMER 

Actor Frequency Uncertainty Asset specifity Contract 

DSO High Low High Long-term contract 

Aggregator High Low Low Spot market 

Supplier High Low Low Spot market 

 

The result from the transaction cost economic theory is that the most plausible contract structure for the delivery 

of flexibility will be a long term contract in the case of DSO-control. In case of supplier-control and aggregator 

control a spot market is the most plausible contract form. This analysis is especially done in the case of flexibility. 

However, an important question is still, who will own the system? Possible ownership scenarios are discussed in 

paragraph 10.3.  
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10.3 OWNERSHIP  

Because of the amount of different business models and actors with possible interests, ownership is an important 

factor. The estimated costs of a demand side management system used for this research lies between 20 and 100 

euro per household derived from costs related to pilot projects an taking into account the advantage of economies 

of scale.  

Related to ownership there are three scenarios possible: 

1.  The actor that is interested in the flexibility is the owner of the system 

2. An Energy Service Company (ESCO) is owner of the system and delivers demand side management services for 

the DSO, supplier or aggregator 

3. The consumer is owner of the demand side management system 

In case of the first scenario, the DSO, supplier or aggregator owns the demand side management system. Here, the 

situation will be that the controlling actor purchases the system and installs it in the household. An energy service 

company (ESCO) can also own the system and could deliver energy services to distribution system operators, 

suppliers or consumers and aggregators. An ESCO is a company that could play a role in developing, installing and 

financing performance based projects (Vine, 2005).  An ESCO could be stand alone but could also be owned by a 

DSO or supplier. The third option will be that the consumer will own the demand side management system and 

will deliver flexibility to a supplier, aggregator or DSO and will receive compensation in return.  

Because many actors could benefit from a demand side management system, it is still unclear who will own the 

system in the future. For the DSO there is no business case to install a demand side management system in all the 

households connected to the LV-grid. However, according to this analysis there is a financial incentive for a DSO to 

invest in demand side management systems where the utilization of the infrastructure and therefore the asset 

specific value is high. However, this depends on the amount of flexibility that is available, the capital costs of 

transformer and cables and the price of a demand side management system. For suppliers, aggregators or ESCOs 

the advantage is that they can offer more consumer-services, which is an extra benefit. An extra risk for ownership 

in case of a supplier or aggregator is that consumers can switch supplier.  
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10.4 CONCLUSION FLEXIBILITY AND CONTRACTS 

When demand side management brings inconvenience for consumers, compensation in the form of discount on 

the electricity price, flexible tariffs or free technology becomes necessary. These compensations and the amount 

of flexibility consumers have to deliver must be lain down in a contract. In case the flexibility is used for the 

interests of the DSO, the conclusion is that that the site asset specific value of the flexibility is high. In contrast, for 

suppliers and aggregators who use the national balance- and spot markets, the flexibility has the same value at all 

locations in the Netherland. From the theory about transaction cost economics it can be concluded that in case of 

the DSO, with high asset specifity, a long term contract is most plausible. In case of a supplier or aggregator the 

spot market is the best way to compensate the consumer. 

From the socio technical regime analysis and the interview with T. van de Pas, a legal expert from Enexis, it 

becomes clear that the regulated position from the DSO is a barrier for the application of demand side 

management for this actor. In the first place, for the DSO it is prohibited to supply goods resulting in competition 

and therefore influencing the electricity market. As a result, it is not clear if demand side management, where the 

electricity market is influenced, can be applied by the DSO. Furthermore, discrimination between consumers the 

DSO has an obligation with is also prohibited. Therefore, discrimination between tariffs at places where the value 

of demand side management is high and low is not possible. 

Another unanswered question is who will own the demand side management system in the future. Because of the 

many actors who have possible interests from demand side management it is unclear who the future owner is 

going to be. Possible future owners are the actor who is interested in flexibility, an independent energy service 

company or the consumers themselves.  
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PART III 

CONCLUSION AND DISCUSSION 
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11. CONCLUSION 

The aim of this research was to answer the following main research question: 

What are possible future business models for demand side management and for which actors of the future Dutch 

electricity regime are the cost and benefits?  

Five different sub-research questions were answered with the goal to answer the main research question. For 

answering the first sub-question “Which actors have interest in the application of demand side management?” an 

analysis of the Dutch electricity regime was essential. From this analysis it can be concluded that three actors have 

special interest in flexible demand on the level of a household district: the distribution system operator (DSO), a 

program responsible supplier and an aggregator. The second research question “What is a smart grid and what is 

the function of demand side management in here?” was answered with literature about smart grid technology and 

different problems related to the future electricity infrastructure. It became clear that flexibility of demand can be 

created by controlling non-critical loads or loads with a long time-constant with the help of a smart meter, 

controllable appliances and a demand side management system.  

The third sub question “what are the cost and benefits when demand side management is applied for a certain 

goal and actor?” is answered with three models to calculate the financial benefits in the year 2030. For the DSO 

flexibility will be used for peak shaving which result in delaying upgrades of the LV-grid. In case of a program 

responsible supplier, demand side management will be used to take care of unbalance as a result of large 

intermittent sustainable energy sources. For an aggregator the flexibility in demands will be deployed for economic 

load management. The total financial benefits for the DSO lie between 34 and 417 euro per household depending 

on the amount of flexibility and capital costs of the upgrade. The upgrade of the LV-network can be delayed 

between 3 and 15 years, depending on the peak load reduction and growth rate of peak power. For a program 

responsible supplier the financial benefits lie between 29 and 113 euro per household per year depending on the 

amount of flexibility. For an aggregator the benefits as a result of economic load management will lie between 14 

and 57 euro per household per year. Much is unclear about the cost of a demand side management system, for the 

cost benefit analysis the cost lie between 20 and 100 euro per household, taking into account the advantage of 

economies of scale in the future.  

A conclusion from the cost benefit analysis is that demand side management can lead to substantial benefits for 

several actors of the future electricity regime. However, the amount of flexibility is crucial for the magnitude of 

these financial benefits. The amount of flexibility in the future depends on the adoption of potential flexible loads 

like for instance heat pumps and electric vehicles and the way consumers are willing to change their behavior. In 

case of the DSO also the capital cost of the LV-network upgrade is an important variable for the value of demand 

side management.  

From the distribution of the utilization of the MV/LV transformers from the DSO Enexis, it can be concluded that 

the site specific value of demand side management is high in case of the DSO. In time, more transformers will need 

an upgrade as a result of demand growth; however the site specific value stays scattered. In contrast, for a 

program responsible supplier and aggregator, which both use national electricity spot markets, the value of 

flexibility is the same for all locations in the Netherlands. This observation is used to answer the fourth sub-

question: “what are possible future contract structures between the consumer and an actor that is interested in 

demand side management?”. The theory about transaction cost economics predicts that the most plausible 

contract in case of high asset specifity and therefore in case of the DSO will be a long term contract. 
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In case of low asset specifity a spot market will be the most plausible structure. Compensation in the form of 

flexible tariffs, free technology and rebate checks are imaginable. 

Because many actors are interested in demand side management, the question who will own the system is 

difficult. Next to the party who is interested in flexibility also an independent party, like for instance an energy 

service company (ESCO), could be owner of the system. When demand side management is offered by different 

parties that use demand side management for different purposes this can also lead to problems related to 

opposite interests.  

Despite demand side management can lead to economic benefits for several actors of the future electricity regime, 

there are also several institutional barriers.  As a result, the fifth sub-research question is: “are there institutional 

barriers for the adoption of demand side management and future contracts?”. From an analysis of the current 

institutions of the Dutch electricity regime it can be concluded that established routines in how people produce, 

transport and use electricity are potential barriers for demand side management. For example, several smart grid 

technological innovations will be built on the existing infrastructure. However, next to the technological 

innovations also the strategic decisions and operational processes have to change (Veldman & Geldtmeijer, 2010). 

Related to electricity production are problems with unbalance which are solved with the application of reserve 

generation capacity in the form of controllable generation sources. In case of load management, the way 

unbalance is solved will not only be with reserve generation capacity but with flexible demand as well. As long as 

the different actors think these problems can be solved within the existing institutional framework, they will not 

consider a ‘radical’ solution like demand side management. Supplementary, electricity has a symbolic meaning 

where it is accepted that it is available all the time and unlimited. The question is if consumers are willing to 

change this idea and adapt their consumption pattern.  

Looking at the regulatory framework in the Netherlands, the conclusion is that especially the DSO is bounded to 

formal rules that are barriers for demand side management and future contracts. In the first place, the DSO is not 

allowed to participate in the electricity market; with demand side management it can be argued that the electricity 

market is influenced. An important barrier for future long term contracts with consumers is that discrimination in 

tariffs is for the DSO prohibited. This makes discrimination between consumers in household districts where the 

value of demand side management is higher not possible.  

A conclusion is that there are more barriers for demand side management applied by the DSO than applied by a 

program responsible supplier or aggregator. The most important barriers can be found in table 15. 

 

TABLE 15 BARRIERS FOR DEMAND SIDE MANAGEMENT 

Actor Barrier 

DSO - Established routines electricity production, 

transport and consumption of electricity 

- Not allowed to participate in the electricity 

market 

- Discrimination in tariffs is prohibited 

Supplier - Established routines electricity production and 

consumption of electricity 

Aggregator - Established routines consumption of electricity 
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11.1 DISCUSSION 

One of the difficulties for determining the cost and benefits of smart grid technology, and specifically demand side 

management, is the amount of possible functions and goals this technology could have. For the cost benefit 

analysis in this thesis demand side management has only one specific function for every business case.  

In case of the DSO, the model is simplified by focusing only on delaying upgrades in the LV-network. However, 

there are several other benefits imaginable like delay investments in the MV-network, the integration of 

distributed generation or other system service to improve the quality and reliability of electricity supply. For a 

program-responsible supplier and aggregator other advantages are imaginable as well. One of these advantages is 

the possibility to offer new consumer services, make distributed generation more predictable or to save on 

generation capacity as a result of smaller peak load. Also advantages related to sustainability targets are not taken 

into account in the calculations. All these different functions are possible with flexibility in demand at different 

directions and moments in time. 

Another discussion point related to the used models for the program-responsible supplier and aggregator is that 

the model is based on data from the year 2006. One of the reasons for this choice was that spot-market prices 

from the year 2006 were available and that future prices are not known yet. A problem with using historical data 

for future scenarios is that the situation in future could be completely different. It is possible that as a result of 

more intermittent sustainable energy sources in the year 2030, the fluctuations on the balance market are larger. 

This will have direct consequences for the attractiveness of demand side management.   

Another discussion point is related to the assumptions about the amount of flexible appliances. The amount of 

flexible load is estimated with a future simultaneity of 0.5 and potential feasible loads of an average household in 

the UK (Boardman, et al., 1995). However, the feasibility to obtain this simultaneity is not scientifically proven and 

is estimated looking at different appliances. As a result of the application of new appliances and flexibility also the 

demand profile of household will change it time. As a result the estimation of amount of flexibility relies on many 

assumptions with much uncertainty.   
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11.2 RECOMMENDATIONS  

From the conclusion and discussion several recommendations are made. There is a distinction between 

recommendations related to the implementation of demand side management and for further research. The most 

important recommendations related to the implementation are: 

• Include demand side management in the regulation. 

• Bring different actors together  

• Multi-function testing for different stakeholders 

• Experiment with changing consumer behavior and flexibility 

Policy makers and regulators in the Netherlands can shape an environment with regulation where DSOs and other 

parties can make the best decisions (Veldman & Geldtmeijer, 2010). As a result of the regulated position of the 

DSO, there is much uncertainty about their task and room to experiment and apply demand side management. The 

first recommendation is therefore to include demand side management and storage in the regulation to create 

more clarity for the different stakeholders.  

For this research only three specific functions demand side management could have are analyzed. However, the 

value of a demand side management system could increase tremendously if different functions are combined. For 

future experiments and pilot projects it is recommended to bring different actors together and test situations 

where demand side management has several functions at once. Additionally, it will be important to involve 

consumers and test the way consumers change their behavior as a result different forms of communication and 

incentives.  

For further research the recommendations are: 

• Investigate the different scenarios about future electricity consumption related to new appliances that 

are potential flexible. 

• Investigate how people use the electric vehicles and other potential flexible appliances and how they 

could change their behavior with communication techniques or financial incentives. 

• Investigate different technological options to apply demand side management. 

• Analyze the way fluctuation on the balance market and APX-index can change as a result of trends related 

to the energy transition. 

It is stated that, as a result of the application of electric vehicles and heat-pumps, the amount of flexible power 

increases. However, it is still unclear how people are going to use their electric vehicles and to what extent this 

behavior will influence the amount of flexibility. For future research it is recommended to investigate different 

scenarios for the adoption of electric vehicles and other flexible appliances and how these appliances could be 

applied flexible. On the other hand, it will be important to investigate different technological options to apply 

demand side management. For example, there are different software solutions and options to switch devices on 

and off.  

During the cost benefit analysis of a program responsible supplier and aggregator, it became clear that fluctuations 

on the spot-markets are important. It is therefore recommended to investigate how the several trends related to 

energy transition could influence the balance market or other spot-markets.  
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APPENDIX 1 

HISTORICAL ANALYSIS 

To understand the developments in the Electricity sector at the moment it is important to analyze how it evolved 

in time. For the historical analysis the historical phase model used by Verbong and van der Vleuten (2005) is used.  

The introduction of electricity 1880-1920 

Gas got its first competition from electricity around 1880. The DC light bulb by Edison and the AC motor of Tesla 

caused an important boost for the development of electricity supply (and caused the war of currents which AC 

eventually won). Generation was small scale and with privately owned installations at first.  Thomas Edison 

developed a concept of electricity supply to the public. Electricity would be generated in an ‘electricity factory’ or 

‘Central Station’ and an external distribution network would take it to consumers to sell it commercially (Verbong, 

van der Vleuten, & Scheepers, Long-term electricity supply systems dynamics, 2002)The invention of the 

transformer made transport of electricity over large distances possible. Most system builders originally 

constructed local systems, but increasingly expanded the reach of the systems. By these developments electricity 

was enabled to dominate over gas in the market of lightning (van den Noort, 1993). As a result of all this, the 

electrical map of Europe displayed a scattered variety of local and district systems (Verbong, van der Vleuten, & 

Scheepers, Long-term electricity supply systems dynamics, 2002). In 1904 the state first intervened with legal 

conditions under which electric lines and cables would be laid and used for public safety (Rödel, 2008). 

Scale increase and expansion 1920-1970 

Still the electricity was not available to all households. To make electricity available all over the country a nationally 

integrated electricity supply system was needed. Important arguments for an integrated grid were avoiding 

overproduction by tuning needed electricity, saving on investments by interconnection power stations and making 

electricity affordable by concentrating production in a few large plants with turbo generators situated near the 

sources. Even with great resistance of existing players, ‘centralisation’ became the dominant ideology after the 

Second World War (Verbong, van der Vleuten, & Scheepers, Long-term electricity supply systems dynamics, 2002). 

The national interconnected grid with hierarchy (primary grid, secondary grid, tertiary grid) including international 

connections was build to facilitate the booming energy use and centralisation.  Shutting down decentralised 

production for the benefits of large scale plants increased the role of the government, who passed the Electricity 

Act of 1938 to secure optimal control over electricity (Rödel, 2008). However, only the technical aspects came into 

effect. The large electricity companies which exiled the smaller companies cooperated to avoid further 

government intervention (Rödel, 2008) (Verbong, van der Vleuten, & Scheepers, Long-term electricity supply 

systems dynamics, 2002).This led to the establishment of the SEP (Samenwerkende Energie Productiebedrijven) a 

partnership between Dutch electricity producers in 1948 and VEEN (Vereniging Exploitanten van 

Electriciteitsbedrijven in Nederland), an association of Dutch electricity operators. SEP was responsible for the 

production and import/export planning and VEEN coordinated the distribution, which minimized the influence of 

the government (Rödel, 2008). 

The introduction of natural gas in the 1960s and experiences with nuclear energy caused the national government 

to feel unhappy with its position outside the electricity regime. Therefore it took a leading role in the introduction 

of natural gas by participating in a public-private cooperation with Shell, Exxon and a new actor, the Gasunie. The 

national monopoly on gas exploitation for space heating (with high margins) caused the electricity sector to be 
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initially excluded from gas. Nevertheless, this did not last very long. In the mid ‘60s gas was used for peak load 

generation and later on, in the mid ’70 gas fired plants were accounting for 80% of the total production. Besides 

gas, the government took also a leading role in nuclear energy. It subsidized several large projects (Verbong & 

Geels, 2007) 

Energy system switching 1970-1989 

As explained above the period before 1970 was characterized by a strong tendency towards central production of 

electricity and economies of scale. However, after the oil crisis in 1973 also scarcity and environmental issues 

became important. These issues resulted in the first White Paper (1974) of the Dutch government. The essence of 

this policy paper was that energy is very important for the national economy and consequently government 

intervention is necessary. The government moved the final say of fuel-use in power plants to the ministry of 

Economic affairs and purchased existing nuclear power plants due to increased opposition towards nuclear energy. 

Four important principles were addressed in the first white paper (which ever remained valid): cheap energy for 

large consumers, reliability of supply, decrease dependency and increase efficiency to address the environmental 

impact (Verbong & Geels, 2007).  

The leading actors in the electricity regime were discontented with the increased influence of the government. 

Their freedom was affected and they had the idea that the sector could solve the problems itself. Despite the 

resistance, the government introduced new policies to address the important principles mentioned in the white 

paper. Concentrating on the dependency issue the government changed the fuel mix. Before 1970 the use of 

natural gas was popular. However the idea of consuming the natural gas as fast as possible was not desirable. Gas 

was seen as a strategic energy source and therefore the government restricted the use of natural gas in power 

plants and enforced the use of oil. This was contrary to other European countries that decreased the use of oil 

(Verbong & Geels, 2007). 

The changed policies did not stop the development of central production and economies of scale. There were nine 

provincial and five municipal/regional electricity boards in the Netherlands who were also owners of the SEP. The 

SEP became in 1970 the owner of the 380 kV national grid and played a significant role in the so called E-plan 

(Energy plan). The E-plan was used to determine the amount new generation units that would be commissioned 

on the basis of anticipated demand, by whom these units would be built and the arrangements about investments 

in the interconnected grid. The government agreed with the E-plan of the SEP in 1975 (Rödel, 2008). 
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The economic recession in the 1980s, a stronger opposition against nuclear energy and the second oil crisis caused 

further government intervention, which resulted in the second White Paper. One of the main principles of this 

second White Paper was that energy saving should become top priority. To address the saving issue the 

government changed the policy to decentralized industrial generation. The production of electricity in the form of 

combined heat and power (CHP) by the industry was accepted as an option to save energy. However there were 

two important barriers. In the first place the tariffs to deliver produced electricity back to the grid were too low. 

Hence, there was no incentive to deliver electricity back to the grid and therefore no reason to invest in CHP. The 

second barrier was the natural gas policy which was the result of the first White Paper. To surmount these barriers 

the government forced the electricity sector to tolerate decentralized generation of electricity to the grid and set 

higher tariffs. The natural gas policy was changed in 1983 when the government made cheap natural gas available 

for the industry (Verbong & Geels, 2007). Besides the second White Paper, national planning system for the 

electricity supply was introduced to improve efficiency. The idea of the national planning system was to connect 

the most efficient power plants to the grid first. This resulted in national supply and demand management where 

the regional parties were responsible for balancing in the first place. In addition new interconnections and 

expanded trade between other European countries became possible (Verbong & Geels, 2007). The second oil crisis 

also influenced the fuel mix policy for the larger power plants. The policy based on oil was replaced by a policy 

related to coal and also nuclear power became an option. 

Liberalization and Privatization in European context 1989-1998 

To improve central planning, the government implemented in 1989 a new electricity law. This law was based on 

the supply industry and obliged the separation of distribution and production of electricity. The act gave to the SEP 

central planning role in the supply industry. For using the grid a national tariff was determined. The distribution 

part of the energy companies were placed in the hands of a new actor: the distribution system operators (DSOs) 

The transmission and distribution activities were seen as monopolistic activities and the supply and generation of 

electricity as competitive (de Vries, Correlje, & Knops, 2009). To separate the monopolistic and competitive 

activities the directive oblige that the transmission and distribution network were unbundled.  

The 1992 Maastricht treaty of the European Union showed some visions of the electricity market in the context of 

the European Union; here also privatization, liberalization and deregulation were important goals, also on a 

European level. European developments and the awareness that climate change is possibly related to greenhouse 

gas emissions caused the introduction of the electricity directive 96/92/EG and was the initiator for the 

liberalization within the European Union. The most important principle of the liberalization of the electricity grid 

was that actors had to become more efficient. This was made possible by the introduction of competition and by 

more regulation and supervision to make every link in the chain accessible and efficient. In the Netherlands the 

European directive 96/92/EG was implemented in the 1998 electricity act. 
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APPENDIX 2 

STRAND-AXELSSON METHOD HOUSEHOLD  

Predicting the peak load as a function of the type of user is difficult and there is less literature available. However, 

more information is available about the annual electricity consumption of a household. The Strand-Axelsson 

method tries to predict the maximum load of a household as a function of the annual electricity consumption in 

kWh. The problem with this relationship is that this can vary for every type of household and depends of the 

consumption profile of the consumer.  Figure 25 shows for instance the load profile of two households with the 

same annual electricity consumption but with different peak loads.  

 

 

 

 

 

 

 

It is however possible to predict the peak load of a certain category household with the annual consumption which 

is tested in an experimental setting. The formula to calculate the peak load of a certain household is equal to 

(EnergieNed, 2001): 

*LMN � O 5 � � P 5 √� 

Where:  

Pmax = peak load household in kW 

C = annual electricity consumption in kWh 

α and β = constants dependent of the category household 

The LV-grid design program GAIA uses five different categories of households: a detached house, single family 

dwelling, apartment, standard household and a mixed house. All these different categories have different annual 

consumption and constants. Table 16 shows the different category households used.  

TABLE 16 DIFFERENT CATEGORIES HOUSEHOLDS AND ANNUAL CONSUMPTION 

House Annual consumption α β 

detached house 4400 kWh 0.2319 *10
-3

 0.0234 

single family dwelling 3300 kWh 0.2332 *10
-3

 0.0159 

apartment 2400 kWh 0.01890 *10
-3

 0.0325 

household 2400 kWh 0.1847 *10
-3

 0.0437 

mixed house 6400 kWh 0.1524 *10
-3

 0.0533 

Pmax 

t 

3300 kWh 

P 

Pmax 

 

3300 kWh 

t 

P 

FIGURE 25 TWO LOAD PROFILES WITH THE SAME ANNUAL PRODUCTION BUT DIFFERENT PEAK LOADS (ENERGIENED, 2001, P. 47) 



75 

 

 

For this analysis the category single family dwelling is used with an annual electricity consumption of 3300 kWh in 

2000. For the analysis the maximum peak load of a family dwelling is calculated for the year 2000 and 2030 using 

an annual growth rate of electricity demand of 1.5 %. The costants α and β will be the same for the year 2000 and 

2030.  The results can be found in table 17. 

TABLE 17 MAXIMUM LOAD SINGLE FAMILY DWELLING FOR THE YEARS 2000, 2010 AND 2030 

Year Annual electricity demand Maximum load (kW) 

2000 3300 2.26 kW 

2030 5158 3.1 kW 
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APPENDIX 3 

ELECTRICITY AND CAPACITY TARIFF IN THE NETHERLANDS 

People in the Netherlands who are connected to the electricity grid have to pay two different things: The transport 

of electricity and the electricity itself. In general a consumer pays the transport and electricity tariff through the 

electricity supplier where they have a contract with. In the Netherlands this is called the supplier model and the 

invoice of the transport tariffs is a responsibility of the supplier. However, also the network manager model is 

possible where the consumer will receive two different bills, one for the transport of electricity from the DSO and 

one for the electricity from the supplier.  

TRANSPORT OF ELECTRICITY 

In case of the transport of electricity a consumer is obliged to use the transport services of a distribution network 

operator in their region. In case this in for example Enexis the annual costs for the transport of electricity consist 

out of five parts: 

1. Standing charge connection: Fixed costs for the connection of electricity for every connection 

2. Standing charge transport: Fixed costs for the transport of electricity 

3. Capacity tariff: Tariff that depends of the bandwidth in Amp a consumer needs 

4. System services: Costs related to system services like for instance balancing supply and demand. 

5. Meter costs 

In the Netherlands the meter services can be carried out by a certified meter company. This could be the DSO or 

another company. For Enexis the costs for transport of electricity can be found in table 18. 

TABLE 18 TRANSPORT AND METERCOSTS ENEXIS (WWW.ENEXIS.NL) 

Connection ≤ 3x25 Amp + ≤ 1 x 40 Amp 

Standing charge connection € 31.42 

Standing charge transport € 21.42 

Capacity tariff € 126.19 

System services € 6.1582 

Meter costs € 30.14  

TOTAL COSTS € 215.33 

 

With al larger connection the capacity tariff and the costs for system services will be larger as well.  

ELECTRICITY PRICE 

A consumer will that is connected to the electricity grid will have a contract with an electricity supplier. In general, 

the consumer can choose to pay a standard amount for every kWh or pays a smaller tariff during off-peak hours 

and a higher tariff during peak hours (Essent). 

The price for every kWh of electricity consists out of two parts:  

1. The delivery tariff  

2. Energy tax 

 The amount of energy tax is a certain amount of money per kWh and is independent of the supplier. 



77 

 

Only a part of the electricity in the Netherlands in taxed. The amount of levy discount is determined every year and 

was for the year 2009 equal to € 379.16 (www.essent.nl). 

For a household that was customer from the supplier Essent and had a fixed tariff the delivery tariff was equal to 

0.0816 €/kWh. Table 19 shows the electricity bill and the different components.  

TABLE 19 ENERGY BILL AVERAGE DUTCH HOUSHOLD 2009 

Connection ≤ 3x25 Amp + ≤ 1 x 40 Amp Per kWh 

Annual consumption 3300 kWh per year  

Transport and meter costs € 215,33  

Delivery tariff € 269.28 0.0816 €/kWh 

Tax € 437.58 0.1326 €/kWh 

Levy discount € -379.16   

TOTAL COSTS ELECTRICITY € 610.86  

 

As can be seen in figure 26 the largest part of the electricity bill for an average household consist out of the 

delivery tariff. However, because the levy discount is a fixed amount the share of tax will grow when the annual 

consumption grows.  

 

FIGURE 26 ELECTRICITY COSTS HOUSEHOLD 
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APPENDIX 4 

IMPORTANT SECTIONS DUTCH ELECTRICITY ACT 1998 

 Duties and Obligations of the Grid Manager 

 

Section 16 

(1) Within the framework of the management of the grids in the area assigned to him, in accordance with section 

36, the grid manager shall have the duty: 

(a) to ensure the operation and maintenance of the grids managed by him; 

(b) to ensure, in the most effective manner, the safety and reliability of the grids and of the transmission 

of electricity across the grids; 

(c) to construct, repair, replace or extend the grids; 

(d) to maintain sufficient reserve capacity for the transmission of electricity; 

(e) to provide third parties with a connection to the grids and to make a meter available to them, at their 

request, in accordance with section 23; 

(f) to carry out the transmission of electricity on behalf of third parties, in accordance with section 24; 

(g) to promote the safe use of appliances and installations that consume electricity; 

(h) to measure the quantity of electricity generated in the manner referred to in section 53(2)(e), input 

into the grid by a producer, and to provide the producer with this data. 

 

(2) In addition to the duties referred to in subsection (1), the manager of the national high-voltage grid shall also 

have the duty: 

(a) to make such technical provisions and carry out such system services as are necessary to guarantee 

the transmission of electricity over all grids in a safe and efficient manner; 

(b) to use the technical facilities and system services, referred to under (a), also for the benefit of the 

other grid managers; 

(c) in accordance with subsection (7) of this chapter, to carry out the transmission of electricity on behalf 

of third parties by using the national high-voltage grid, to export such electricity from the Netherlands 

to customers or suppliers abroad or, alternatively, to import such electricity from abroad for customers 

or suppliers in the Netherlands; 

(d) to take measures to ensure the security of supply of electricity; 

(e) to bring about or maintain a market with the purpose of bringing together the supply of and demand 

for electricity, if Our Minister should decide to do so, in accordance with the conditions, referred to in 

section 31, and subject to regulations to be determined by Ministerial Order. 

 

(3) It is prohibited for any person other than the respective grid manager to perform a duty, as referred to in 

subsections (1) or (2), except in so far as this relates to the construction of a grid that extends beyond the 

national borders, as referred to in subsection (6), or the construction, management and maintenance of a 

grid, as referred to in section 15(2) or, alternatively the implementation of a procedure, as referred to in 

section 20(3). 

 

(4) Producers, suppliers, traders and shareholders shall refrain from any interference with the performance of the 

duties with which a grid manager is charged, in accordance with subsection (1) and (2). 

 

(5) Subject to retention by the grid manager of his responsibility for the full and proper performance of his duties 

in respect of the management of the grids, the duties, as referred to in subsections (1)(a) and (1)(c), may be 

carried out by a legal entity that is not appointed as a grid manager. 

 

(6) If a third party other than the grid manager of the national high-voltage grid has constructed a grid that 

extends beyond the national borders, the grid manager of the national high-voltage grid shall be charged with 

the management of the said grid, subject to the provisions of or pursuant to this Act. If a third party other than 
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the grid manager of the national high-voltage grid is entitled to use a grid that is part of the national highvoltage 

grid, in accordance with section 10(1), he shall be obliged to give the grid manager of the national 

high-voltage grid his full co-operation so that the grid manager can carry out his duties, in accordance with 

subsections (1) and (2). 

 

Section 17 

The grid manager, or a legal entity in which the grid manager has a participating interest, as referred to in section 

24(c) of Book 2 of the Netherlands Civil Code, may not supply goods or services resulting in competition between 

them and third parties, unless this relates to carrying out activities in respect of: 

(a) the performance of the duties referred to in sections 16(1) and 16(2), either for himself or for other grid 

managers, or on behalf of third parties entitled to use a grid; 

(b) the construction, management or maintenance of cables and pipelines outside of buildings for the 

transmission of gas, heat, cold or water; or 

(c) the provision and maintenance of grids for the use of related services by third parties. 

 

Section 18 

(1) If a group company, as referred to in section 24(b) of Book 2 of the Netherlands Civil Code, affiliated to the 

grid manager in a group, carries out activities which the grid manager may not himself carry out, in 

accordance with section 17, the grid manager or a legal entity in which the grid manager has a participating 

interest, as referred to in section 17, may not give such a group company preferential treatment over others 

with which the said group company is in competition or grant to the said group company any other privileges 

beyond those that are customary in normal business practice. 

(2) The following shall in any event be regarded as treatment preferential to a group company, as referred to in 

subsection (1), or as granting privileges beyond those that are customary in normal business practice: 

(a) supplying a group company with data relating to customers, other than captive customers, who have 

submitted an application, as referred to in sections 23 or 24; 

(b) supplying goods or services to a group company for a consideration which is lower than the costs 

which may reasonably be attributed to such goods or services; or 

(c) permitting the use by a group company of the name and logo of the grid manager in such a way that 

there is a danger of creating public confusion with regard to the origin of goods or services. 

(3) The grid manager shall include with its annual accounts a statement to the effect that the financial 

relationships between the grid manager and the group companies, referred to in subsection (1), comply with 

the provisions of subsection (1). The grid manager shall make a copy of its annual accounts, the 

accompanying notes and the accompanying statement available for inspection by the public in each of its 

offices and shall send a copy thereof to the Director of DTe. 

Section 19 

The grid manager shall use the data issued to him in relation to captive customers solely for carrying out the duties 

assigned to the grid manager under this Act, on the understanding that such data may also be used to collect 

payments on behalf of the licence holder for the supply of electricity. 

Connection to the Grid and the Transmission of Electricity 

 

Section 23 

(1) The grid manager shall be required to provide any person who requests such with a connection to the grid 

managed by him at tariffs and subject to other conditions, in accordance with the provisions of paragraphs 5 

and 6 of this chapter. 

(2) The grid manager shall refrain from any form of discrimination in relation to those to whom he has an 

obligation, as referred to in subsection (1). 

 

For all the sections of the Dutch electricity act: 

http://www.energiekamer.nl/images/Electricity%20act%201998_tcm7-10720.pdf 
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APPENDIX 5 

INTERVIEWED EXPERTS 
 

TABLE 20 INTERVIEWED EXPERTS 

Name Function Organization 

Mr. B. Waldekker  Project manager Greenchoice  

Mr. R. van der Veen PHD researcher and Trainee TU delft and Tennet 

Mr. T van der Pas Legal expert Enexis N.V 

Mr. G. Nanninga Researcher-lecturer Hanzehogeschool Groningen 

 

  



81 

 

APPENDIX 6 

COMPANY PROFILE  

This research is applied for the distribution system operator Enexis in the Netherlands. Enexis is responsible for the 

construction, maintenance, management and development of the distribution networks for gas and electricity in 

the Netherlands. Enexis is active in the eastern, northern and southern parts of the Netherlands and their main 

office is located in Rosmalen. Figure 27 shows the service areas for electricity and gas from Enexis in the 

Netherlands. Until January 1
st

 2009 Enexis was part of Essent and was one of the business units of the electricity 

company called ‘Essent Netwerk’. Now Enexis is an independent grid operator owned by local governments.  

The grid management activities are carried out by three large divisions: Asset management, Infra services and 

Customer relations. Asset management is responsible for developing policy to apply grid management activities at 

the lowest possible costs and is the decision maker for the infrastructure works. The department Infra services is 

responsible for the effective and efficient implementation of the decisions taken by asset management. Customer 

relations maintain the relations Enexis has with its customers. This includes among other things meter readings 

and billing. This research is applied at the sub department ‘Innovatie’ (innovation) from Asset management. 

An important ambition from Enexis is to play a 

facilitating role in the energy transition by preparing 

the infrastructure for decentralized energy generation. 

The sustainability targets from the shareholders 

(provinces and municipalities) are also important 

drivers for several initiatives related to sustainability. 

Next to this, Enexis works on the introduction of the 

smart meter that should result in energy savings from 

customers. Key data from the company can be found 

in table 21. 

 

          FIGURE 27 ENEXIS BV SERVICE AREAS (ENEXIS, ANNUAL REPORT 2009) 

 

TABLE 21 KEY DATA ENEXIS 2009 (ENEXIS, ANNUAL REPORT 2009) 

Electricity grid 131,000 km 

Number of transformers 51,800 

Number of connections 2.6 million 

Number of employees  4000 

Annual revenues  1,358 million euro 
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