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Preface

This report is the final report for my master study Sustainable Energy Technology. This interdisciplinary
master study is taught at Eindhoven University of Technology since September 2003 and focusses on the
technical, economical and social aspects of sustainable energy. During the study I chose to specialise into
the field of integrating renewable energy sources into the electricity supply system. I did my graduation
project at TenneT TSO bv (Arnbem) at the department ofmonitoring and development. TenneT TSO bv is
the transmission system operator of the Netherlands and manager of the national electricity transmission
(220 & 380 kV) grid.

Distributed generation is being implemented into the electricity supply system more and more and TenneT
TSO bv was interested in the consequences ofthis transition on the market and on the system ofprogramme
responsibility in particular.

This report describes the research ofmy graduation work and gives its conclusions. The document may be a
point ofdeparture for further research since the integration ofdistributed generation is expected to continue.
The report is written for the departments Electrical Power Systems and Sustainable Energy Technology at
Eindhoven University of Technology and for TenneT TSO bv.

First of all I want to thank my family, my parents who enabled and encouraged me to study, my brothers
and Kees. Special thanks go out to Frank Nobel who was my mentor at TenneT TSO bv. Frank helped me
setting up the research objectives. Besides he was always able to see things in a different perspective which
often led to new questions or new conclusions. Furthermore I would like to thank Wil Kling (professor
at Eindhoven University of Technology and working at TenneT TSO bv), Johanna Myrzik (my mentor
at Eindhoven University of Technology) and Danny Klaar (manager at the department of monitoring and
development at TenneT TSO bv) for enabling me to do this research and for providing me recourses and
information concerning the content of the study. Finally I thank Gert van der Lee (TenneT TSO bv), Tom
van Moll (TenneT TSO bv), Paul Boonekamp (APXgroup) and all the other people who played a role in
this project for giving me the necessary information and data to do this research.

I hope this thesis will give new and interesting information and that it will inspire setting up further research
into the field of integrating distributed generation in the Dutch electricity supply system.
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Summary

Since several decades there are serious social concerns about the environment. The Kyoto protocol in 1997
led to legislation about the emission ofgreenhouse gasses to stop global warming. CO2 emission, which is
the major contributor to the process of global warming, can be reduced in many different ways. The elec
tricity production sector also needs to contribute to this reduction. Electricity used to be produced in large
power plants. Fossil fuels were combusted and the energy was transformed into electricity. By-products in
this process were heat and CO2. Currently there is a shift happening in the production facilities for electric
ity. Both renewable energy sources, which have no net C02 emission, and combined heat and power plants
are being used more and more. Combined heat and power plants produce both heat and electricity. The
heat can be used in industrial processes and for heating. These technologies are expected to be explorated
and developed further in the next 25 years. Several scenarios describe the possible development of these
innovations. Many renewable energy sources have a low energy density and are therefore well suited for
dispersed generation. Micro units ofcombined heat and power plants can be installed in dwellings for both
electricity production and central heating. However, an increase ofthe share distributed generation causes a
number ofobstacles. Often, electricity production by dispersed generation is related to weather conditions.
This causes a certain unpredictability and uncontrollability in the supply.

Since 1998 the Netherlands has an open market for electricity. Parties, who have been acknowledged and
licensed to trade electricity have been given the status of programme responsible party. Different markets
exist to trade electricity. Every day at 12.00h, each programme responsible party is obliged to send in an
electricity (E-) programme to the national transmission system operator (TenneT TSO bv). E-programmes
describe trade between the different trading actors. TenneT TSO bv checks the programmes for consistency.
If correct the programmes will be approved.

Unpredictability and uncontrollability of distributed generators cause difficulties for programme respon
sible parties to set up accurate and correct E-programmes for the day ahead. Consequently there will be
deviations from the values which were given in the E-programmes. This may cause imbalance in the sys
tem between supply and demand for electricity. However, the transmission system operator is equipped
with a system to restore the imbalance. Unfortunately for the programme responsible parties, imbalance
settlement by the transmission system operator goes along with imbalance settlement costs. If imbalance
would exist more often and if the imbalance would be larger due to distributed generation, settling imbal
ance will be more expensive. Finally this will lead to restraints in the additional integration of distributed
generation in the electricity system. Several options exist to avoid this effect. Some of the solutions focus
on a change in the existing market for electricity. Especially the introduction of a short-term market for
imbalance capacity could result in significant improvements.

TenneT ~ xi TU/e



Samenvatting

Sinds enkele decenia, staat het milieu op de maatschappelijke agenda. Sinds het Kyoto protocol is dit nog
meer prominent geworden. Door de ratificering van het Kyoto protocol in 1997 zijn er regels gesteld aan de
uitstoot van broeikasgassen om het broeikaseffect een halt toe te roepen. De vermindering van de uitstoot
van CO2 , wat een van de belangrijkste broeikasgassen is, is op verschillende wijzen te realiseren. Ook
de elektriciteitssector client hieraan bij de dragen. In het verleden werd de meeste elektriciteit opgewekt in
grote elektriciteitscentrales waar fossiele brandstofwerd omgezet in elektriciteit. Restprodukten waren hier
warmte en CO2 . Momenteel is echter sprake van een verschuiving in de invulling van het produktiepark
voor elektriciteit. Meer en meer wordt er gebruik gemaakt van hernieuwbare energiebronnen die geen
netto CO2 uitstoot hebben en van warmtekrachteenheden. Deze laatste groep opwekkers produceert zowel
elektriciteit als warmte. Deze warmte kan vervolgens worden gebruikt in industriele processen of voor
ruimteverwarming. Naar verwachting zuHen deze technieken in de komende 25 jaar verder ontwikkeld
worden. Verschillende scenarios beschrijven de mogelijke ontwikkeling van deze innovaties. Veel van de
hernieuwbare energiebronnen hebben een lage energiedichtheid wat maakt dat de opwekkers kleinschalig
zullen zijn en gedecentraliseerd. Voor warmtekrachtkoppeling geldt dat microeenheden in huishoudens
kunnen worden geplaatst voor zowel de warmte als de elektriciteitsvoorziening. Een toename van het aan
deel decentrale elektriciteitopwekkers heeft echter een aantal negatieve effecten. In veel gevallen is de
elektriciteitsproduktie van decentrale opwekkers afhankelijk van weersomstandigheden. Dit leidt tot een
bepaalde mate van onvoorspelbaarheid en oncontroleerbaarheid in de opwek.

Sinds 1998 is de Nederlandse elektriciteitsmarkt geliberaliseerd. Dit houdt in dat partijen die daartoe een
vergunning hebben en de status van programmaverantwoordelijke partij hebben gekregen, energie mogen
verhandelen. Deze handel kan op verschillende markten plaatsvinden. Op iedere dag moet om 12.00 uur
voor de gehele daaropvolgende dag een elektriciteit (E-) programma worden ingeleverd bij de landelijke
netbeheerder (TenneT TSO by). E-programma's beschrijven de handel die tussen verschillende partijen
heeft plaatsgevonden. TenneT TSO bv controleert de E-programma's op consistentie.

Door de onvoorspelbaarheid en oncontroleerbaarheid van decentrale opwekkers wordt het voor program
maverantwoordelijke partijen moeilijker om steeds een dag van tevoren nauwkeurige E-pgrogrammes op
te stellen en in te leveren. Ais gevolg hiervan zal de werkelijke uitwisseling van elektriciteit afwijken van
de vooraf opgegeven waarde in het E-programma. Hierdoor kan onbalans in het systeem tussen de vraag en
het aanbod van elektriciteit ontstaan. De landelijke netbeheerder heeft de beschikking over een systeem om
deze onbalans op te lossen. Hier staan echter wei kosten tegenover. Zodra de onbalans groter wordt en vaker
op zal treden, zullen de kosten voor het wegregelen van onbalans ook toenemen. Uiteindelijk zal dit leiden
tot terughoudenheid in de verdere integratie van decentrale opwekkers in het elektriciteitvoorzieningssys
teem. Om deze laatste consequentie te voorkomen kunnen verschillende stappen ondernomen worden.
Enkele van deze oplossingen richten zich op een verandering binnen de e1ektriciteitsmarkt. Met name de
invoering van een korte termijn onbalansmarkt waar partijen kort voor de uitvoering van het E-programma
nog energie kunnen verhandelen kan leiden tot significante verbeteringen.

TenneT ~ xiii rUle



Chapter 1

Introduction

1.1 Background

With the ratification of the Kyoto protocol [24], a significant number of countries is entitled to limit their
carbondioxide (C02) emissions. Three options exist to comply with this demand. In the first place, a re
duction of the use ofenergy should be realised. Secondly, the use of fossil fuels should be optimised. In the
third place the use of renewable energy should be optimised. The model of these three options is called the
Trias Energetica [41]. However, it is still a point ofdiscussion whether storage of CO2 can be considered a
fourth option [II].

The three paths to reduce CO2 emissions can also be implemented in the electricity system. Firstly, elec
tricity use should be minimised. Secondly, electricity production using fossil fuels should be as efficient
as possible. On the third place, renewable sources should be used to produce electricity. Decreasing the
use of electricity is mainly a consumer's issue which should be stimulated by the government. The use of
renewable sources and the increase of the efficiency of electricity production are issues for both producers
and consumers.

More and more distributed electricity plants are being installed in the Netherlands. Distributed generators
are defined by the European Union [5] as generators which are connected to the distribution grid. Because
of the low energy density of renewable energy sources they are very suitable for distributed generation.
Examples of renewable energy sources are wind and photovoitaic energy. Distributed generators can also
use fossil fuels for the production of both electricity and heat. The heat can be used locally by consumers
thus increasing the overall efficiency. These combined heat and power (CHP) plants are being installed
more and more.

Distributed generation has several advantages. Therefore it is being integrated in the electricity supply
system. This integration causes a transition in the organisation ofthe electricity supply system. This system
used to have mainly centralised l generation. However, currently it is transforming into a system with mainly
distributed generation.

Unfortunately, both the renewable and the fossil fuel distributed generators have some disadvantages. The
main focus of this project is to analyse the problems which are caused by the introduction of distributed
generation.

1.2 Problem definition

The integration of distributed generation introduces a number of problems. Many of these problems are
technical and for example related to stability and dynamic behaviour of the generators. Nevertheless, dis-

I Defined by the EU [5] as not being connected to the distribution grid

TenneT ~ 1 lU/e



1. Introduction

tributed generation also introduces many difficulties which are related to the structure and organisation of
the electricity market.

Currently the Dutch electricity market operates on a basis of programme responsibility (PR) which enables
market players to trade in an open market [12]. The transmission system operator (TSO) acknowledges
parties that can exercise PRo Each programme responsible party is obliged to set up an E- (Electricity) pro
gramme which describes the trade between the different market players for each unit of time. The standard
Programme Time Unit (PTU) at the moment is equivalent to 15 minutes. Every day the E-programmes
have to be reported to the TSO for the day ahead. The TSO checks whether the E-programmes are con
sistent before approving them. Next to the E-programme, the programme responsible parties have to set
up a T-programme that describes the need for the transmission of energy over the transmission grid. Once
reported, all programme responsible parties should keep to their E-programmes. Any deviations can be
adjusted with the imbalance system which is operated by the TSO.

Up to now this system ofPR works as required. Nevertheless there is a slow shift happening. Formerly most
generation took place in large power plants. Nowadays, more and more generation is done on a relatively
small scale. This generation is situated near the consumer and therefore beyond the reach of trade and
balancing. Renewable generation is stimulated by governmental legislation. Most renewable electricity in
the Netherlands is generated in central biomass power plants [6]. Furthermore, the amount of distributed
generation is being expanded. This distributed generation mainly consists ofwind turbines, small combined
heat and power (CHP) units and photovoltaic installations. With p,CHP it is even possible to equip each
dwelling with a microturbine or internal combustion engine that supplies electricity and heat for the central
heating system. Depending on the current load of the household, this electricity can either be consumed on
the location or be dispatched to the grid.

In most cases the supply from distributed generation is rather unpredictable. The yield of wind and solar
energy is depending on the weather conditions whereas the supply by p,CHP-units is depending on other
factors. Gas prices, electricity prices, weather conditions and consumer behaviour are all relevant for this
type of generation. This unpredictability of a large part of the Dutch electricity generation creates prob
lems for those parties in the electricity sector which are responsible for programming their business. As a
consequence, programme responsible parties will be unable to create accurate E-programmes in that cir
cumstances. Maintaining the balance within their section of the grid will be increasingly difficult. More
imbalances will have to be settled by the TSO which makes the price of electricity more volatile. This
means that the market behaviour of the programme responsible parties will be influenced by the additional
introduction of distributed generation.

Several methods exist to limit the unpredictability ofthe electricity generation. Prediction methods for wind
power production are already being implemented and these systems are gaining reliability. In addition, the
load and supply profiles of consumers and suppliers respectively, can be influenced with differentiated
prices. This method, which is called market response, reduces imbalance between supply and demand by
exploiting the possibilities of the open market. Finally, electricity storage could also be used to increase
the predictability of supply, by operating as a buffer and thus controlling the power output of a generator.
Nevertheless this technology is not economically feasible yet.

1.2.1 Objectives

This study focusses on the problems which are introduced by the implementation of distributed generation
in the electricity grid for the system of programme responsibility. The main research question, which has
to be answered in this study, can therefore be stated as:

What are the resulting consequences of the integration of distributed generation on the organisation of
the Dutch electricity market and, more specifically, on the system ofprogramme responsibility?

This main question can be split up into the following subquestions:

rUle 2 TenneT ~



1. Introduction

• Which problems does the integration ofdistributed generation create for the programme responsible
parties?

• Is the current system ofprogramme responsibility suitable and stimulating for the integration of
distributed generation in the Dutch electricity supply system?

The final answers to these questions will be given in the conclusions chapter. (Chapter 7)

1.3 Boundary conditions

To limit the scope of the project, some boundary conditions were set during the first phase of the project.
This section discusses these boundary conditions.

• Focus on the Netherlands
Different countries in Europe and throughout the world have different systems to organise their
electricity supply system. In the Netherlands a system with programme responsibility is used since
1998. The use of specific renewable energy technologies may depend severely on the location since
many of these sources use meteorological effects.

• Focus only on the problems related to the system of programme responsibility.
Distributed generation creates a large set of obstacles. Many of these obstacles are technical. The
main focus of this study however is to analyse the problems for the market. Therefore, any technical
issues will be discarded.

• Scope: 2030
The main target of the study is to analyse the problems for the system of programme responsibility
when there is a significant increase in the implementation of distributed generation. The electricity
sector works with high investment costs and all assets are expected to have a long lifetime. This can
go up to 50 years. This causes transitions in the electricity sector to be relatively time consuming.
Therefore it can be assumed that in the very near future there will be no major changes in the elec
tricity production portfolio. Only with a long term vision, conclusions can be drawn for the questions
mentioned above. A scope of25 years ahead seemes appropriate to notice any significant obstacles.

• Qualitative study
The result ofthe study will be qualitative. The main target is to analyse the functionality ofthe system
of programme responsibility. However, data analysis is used to verify the results.

• Use scenarios as a reference
In many studies, scenarios are used as a point of departure. The situations described in the chapter
on scenarios (chapter 4) will make up the initial assumptions.

1.4 Methodology

To answer the research questions mentioned in section 1.2.1 a specific path has been followed. This section
describes the methodology and the main tasks during the project.

• Study of the current organisation of the Dutch electricity market.
To gain insight in the current functionality and organisation ofthe Dutch electricity market, the first
task in the project was to do research into this field. The research consisted of a literature study and
interviews with employees from TenneT TSO bv and other companies.

TenneT ~ 3 rUle



1. Introduction

• Setup of the scenarios
To have a starting point for the analysis of the problems that may be caused by the integration of
distributed generation several scenarios were set up. According to the electricity act [12], TenneT
TSO bv, as all grid operators in the Netherlands, is obliged to create a capacity and quality plan. The
capacity plan 2006 - 2013 [22] holds a brief overview of several energy scenarios for the near future.
For this study, the scope was set to the year 2030. The scenarios, created by TenneT TSO bv, have
been extrapolated to this year to create initial conditions for further research.

• Statistical research
To analyse any difficulties for the system of programme responsibility, some statistical research has
been carried out. The main focus is on the imbalance prices, the amount ofimbalance and the relation
between them.

• Analysis of the future market organisation
The information about the current market organisation combined with the results from the statistical
research led to an analysis of the problems for the future market organisation.

1.5 Report overview

This report consists of the following chapters. Chapter 2 describes the current electricity supply system.
It gives an overview of the production resources and most of the national and some of the international
players in the electricity market. Furthermore it discusses the different markets that exist for the trade of
electricity. Chapter 3 gives information about the different distributed generators which are used in the
Netherlands. To create a point ofdeparture for the further research, two scenarios have been selected which
both predict an increase in the use of renewable energy for the coming years. These scenarios have been
described thoroughly in chapter 4. The results of the scenarios and all the problems which are caused by the
further integration of distributed generation in the electricity supply system are defined in chapter 5. The
problems will have to be solved which can be done in a number of ways. The different solutions and their
expected consequences are mentioned in chapter 6. Finally chapter 7 will give all the conclusions from
the research and some recommendations for further studies into the difficulties of integrating distributed
generation in the Dutch electricity supply system.

TU/e 4 TenneT ~



Chapter 2

Current electricity supply system

2.1 Introduction

The first objective in the project was to make an analysis of the current electricity supply system of the
Netherlands. This included research into the different types of generators and a study into the organisation
structure of the electricity market.

This chapter gives an overview of the Dutch electricity sector and will be used as an origin for further
research and conclusions.

2.2 Electricity generation

2.2.1 Resources

Currently, most of the electricity generation in the Netherlands is done by burning fossil fuels like gas
(::::: 57%) or coal (::::: 22%). Gas turbines, steam turbines and a combination of both, steam and gas
turbines, are used for this process. Furthermore, there is an increasing share of electricity from biomass
(::::: 4%). In most cases the biomass is cofired in a conventional steam power plant. However, the biomass
can also be gasified and burned in a gas turbine. Since 1997 there is only one nuclear power plant left in
operation which generates 3,9% of the electricity consumption [34].

Wind energy is also gaining share. Nowadays approximately 1,6% of the electricity use is from wind
energy. Oil, hydro and solar based generators together have a share of only 1,6% whereas electricity gen
eration from leftover industrial steam is responsible for 9,5%. Figure 2.1 shows the current distribution of
resources for electricity generation.

2.2.2 Distribution

Approximately 61 % of the yearly electricity consumption of the Netherlands [30] is generated with large
generators which are connected to the transmission grid. This is typical for electricity generation in most
European countries. The main advantage of having large generation units is the economy of scale. Further
more the controllability and the limited need for data infrastructure are advantages. Figure 2.2 shows the
locations of the 26 largest generators in the Netherlands. The electricity produced in the power plants is
transported to the consumer via the transmission and distribution grids.

TenneT ~ 5 rUle



2. Current electricity supply system

57%

_Coal
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_Water
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Of~% _Wind

Figure 2.1: Pie chart of the current use of energy resources to produce electricity
The values are percentages ofelectric energy generatedfrom the different resources. [30}, CBS data 2004

2.3 Market organisation

The Dutch electricity market operates on a basis of programme responsibility according to the electricity
act from 1998 [12]. This act is created by the Ministry of Economic Affairs and describes the tasks of all
different parties in the electricity sector. The system of programme responsibility is created to facilitate the
free market by enabling the different market players to trade.

2.3.1 Actor analysis

The different actors in the electricity sector are mentioned below. An overview of the analysis is given in
figure 2.6.

• Office of Energy Regulation (DTe)
The Office of Energy Regulation (DTe) has been addressed by the Ministry of Economic Affairs as a
directorate of the Netherlands Competition Authority (NMa). The DTe is responsible for implement
ing the Electricity Act 198 and the Gas Act [31].

• Grid Operators
Electricity is transported from producers to consumers via the electricity grid. This grid has different
voltage levels, depending on the transport capacity of the line. Grid operators are obliged to connect
producers and consumers to the grid. Furthermore they maintain their section of the network and
secure the transport of electricity.

• Metering Companies
Metering companies are responsible for metering the transport of electricity to or from the ones
connected. In order to do this, they install meters. The acquired data is used by the programme
responsible parties.

• Transmission System Operator (TSO)
In the Netherlands, TenneT TSO bv is the transmission system operator. The TSO has two main
tasks:
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Figure 2.2: Power generation in the Netherlands
The figure shows the largest power plants in the Netherlands. The length ofeach bar refers to the power

output ofthe plant whereas the colour shows the type offuel: yellowfor nuclear, redfor coal and blue for
natural gas.

- Transport services (grid operator)
The TSO owns, maintains and controls the transmission grid in the Netherlands and has the
obligation to secure the transmission of electricity. This grid consists of the voltage levels
220 kV and 380 kV and includes three crossborder connections to Germany and two to Bel
gium. The transmission grid of the Netherlands is depicted in figure 2.3.

- System services (system operator)
The demand and supply of electricity should on any moment be in balance. All programme
responsible parties send E-programmes which describe trade between them to the TSO on a
daily base for verification. The TSO is responsible for restoring any imbalance that may occur
using a special imbalance system.

• Producers and Consumers
Producers and consumers are the parties that are connected to the grid to produce or consume elec
tricity. Almost all producers and consumers have contracted out their programme responsibility to
special programme responsible parties that have been accredited by the TSO. Nevertheless, some
large consumers and producers do have programme responsibility. Producers and consumers are
payed or have to pay for the grid connection and the use of electricity. Prices depend on the contract
of the producer or consumer with their programme responsible party and grid operator. Figure 2.4
shows two consumption profiles for two days in 2005 .

• Programme Responsible Parties (PRPs)
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Figure 2.3: 3801220 kV grid in the Netherlands
[2 I]
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Figure 2.4: Load profile in the Netherlands
Two Load profiLes are given. The red curve shows the Load profile on a weekday whereas the black curve

shows the profile during the weekend. The data is correctedfor representability of IOO%. [42]

According to the electricity act [12], all parties connected to the grid have programme responsibil
ity (PR). PR is the obligation to set up electricity programmes (E-Programmes) that describe the
expected amount of electricity to be bought or sold. The E-programmes describe trade between the
different market players of electricity per unit of time. The standard Programme Time Unit (PTU) is
equivalent to 15 minutes. Every day, the E-programmes have to be reported to TenneT TSO bv for
the day ahead. The TSO checks whether the E-programmes are consistent before approving them.
Any party connected to the grid can contract out his PR to any other party. This second party is called
the programme responsible party and takes over all aspects ofPR. This construction is implemented
for all households in the Netherlands. Currently, 44 parties have PR in the Netherlands [42]. A list of
the active PRPs is given in appendix C.

Once reported, all PRPs should keep to their E-programmes. Any deviations can be adjusted with the
imbalance system which is operated by TenneT TSO bv. However, imbalance adjustment by TenneT
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2. Current electricity supply system

TSO bv implies financial consequences.

Next to the E-programmes, the PRPs have to set up a transport programme (T-programme) which
describes the need for transport of energy over the transmission grid. Currently, deviations from the
T-programme have no consequences.

• CertiQ
CertiQ, which is a 100% subsidiary of TenneT TSO bv, is addressed by the Ministry of Economic
Affairs to manage the issue of green certificates. Producers of RES-E are being monitored and for
each amount of RES-E they receive certificates [29].

• EnerQ
Producers of RES-E can return the certificates to EnerQ. This company is also a 100% subsidiary
of TenneT TSO bv and is addressed to payout grants on the basis of these certificates. The level of
subsidy is set by the government [35].

• Union for the Coordination of Transmission of Electricity (UCTE)
The UCTE is the is the cooperation of the TSOs in continental Europe. National grids in Europe
are synchronously interconnected via cross border connections, forming the UCTE grid. The annual
electricity consumption in the total UCTE grid is approximately 2300 TWh [43]. The UCTE consists
of the following countries: Austria, Bosnia Herzegovina, Belgium, Bulgaria, Switzerland, Serbia
and Montenegro, Macedonie, Czech Republic, Denmark (West), Spain, France, Greece, Croatia,
Hungary, Italy, Luxembourg, the Netherlands, Poland, Portugal, Romania, Slovenia and the Slovak
Republic. Figure 2.5 gives an overview of the size of the grid .

• L It:Muf''IOUJ

uC E dS j·led
Yc-.::.
'5v~chron u., 'v ConrtcclOO

Figure 2.5: Map of the UCTE
[43]

• European Transmission System Operators (ETSO)
The ETSO is a cooperation of different groups of TSOs which are not all synchronously intercon
nected throughout Europe. It consists of the following cooperations.

- the association of TSOs in Ireland (TSOI);

- the United Kingdom TSO association (UKTSOA);

- the Nordic TSOs (NORDEL) and

- the Union for the coordination of transmission of electricity (UCTE).

The total length of 400 and 220 kV lines covered by the ETSO is more than 290000 km and the total
yearly electricity consumption is approximately 3200 TWh.
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Ministry of Economic Affairs

el~ctricity act

certificates Producers I Consumers

Figure 2.6: Organisation structure of the Dutch electricity market

The different actors are related to each other. The relations are displayed in figure 2.6

As can be concluded from the figure, there is a difference between the legislative bodies (Minist!)' of
Economic Affairs and the Office of Energy Regulation (DTe» and the executive branches.
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2.3.2 Trade

The Dutch electricity market is a free market. This means that all parties are allowed to trade electricity. The
system of programme responsibility is used to control this market and to allow insight. There are several
markets for the trade of electricity which will be described in the following subsections.

Long term bilateral contracts

Most electricity is traded via long term bilateral contracts. Two parties have an agreement on the time,
quantity and price of the good. In most cases these long term contracts result in stable prices.

Amsterdam Power Exchange market

Next to the bilateral contracts, parties are allowed to trade their electricity on the Amsterdam Power Ex
change (APX). This exchange is a day-ahead market with biddings on an hourly base and price ladders.
Approximately 12% (in 2004) of the electricity in the Netherlands is traded via this market. The day-ahead
market enables actors to speculate. The price of the electricity depends on the momentary supply and de
mand. This results in highly volatile prices. The advantage of trading via the APX instead of via long term
contracts is that the quantity of the trade only has to be defined one day ahead. In this way it enables players
to anticipate in a better way to the variable supply from for example renewable generators. Two graphs are
given considering the APX. The first graph (Fig. 2.7) is an example of the APX bidding ladder. One curve
shows the supply whereas the other shows the demand. Similar to any other free market, the final price will
be set at the intersection point of supply and demand. Figure 2.8 shows the daily minimum and maximum
electricity prices at the APX for each day in the year 2005. This is demonstrated with the grey area. The
red line shows the average daily price. From this graph it can be concluded that the APX is a highly volatile
market.

Appi'/ing dale 21-04·2006 Hour12 MCV'3085 2 M'M1 MCP. 13000 Euro

3000.00

lllXl.OO

'00.00

10.00

~

1.00

0.10

001
0.0

Figure 2.7: APX bidding ladder April 21 til. 2006, 12.00h
The blue line corresponds with the demand whereas the red line corresponds with the supply ofelectricity

on the APXmarket. On this moment the price for electricity was set on 130 euro per i\1Wh.
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Figure 2.8: APX prices in 2005
The grey area corresponds with daily difference between the minimum and maximum APXprice whereas

the red line shows the daily average price. The graph shows that electricity prices at the APX are very
volatile.

Imbalance market

A third method to trade electricity is via the imbalance market. Electricity producers and consumers can
make bids on the imbalance market. This market is used to settle any existing imbalance in the grid. TenneT
TSO bv, being the transmission system operator, settles the imbalance by dispatching available control
capacity. Capacity for imbalance settlement can be classified into three categories:

• Regulating power
Regulating power is power which can be dispatched automatically by the frequency power regulation.
This power can be used for settling small imbalances.

• Reserve power
Reserve power is used for settling larger imbalances and can only be dispatched manually. Prices are
nonnally higher than for regulating power. Moreover, reserve power is dispatched for a minimum of
I full PTU.

• Emergency power
Emergency power is used for the largest imbalances. It can only be dispatched manually. Prices are
higher than for the dispatch of reserve power. Emergency power is usually deployed by switching off
loads contracted by TenneT TSO bv.

Up to two hours in advance of the PTU, suppliers can make bids for regulating, reserve and emergency
power. The prices in the market are related to the market prices in the APx. The dispatch of the available
resources is in accordance with a ladder system. This implies that the lowest priced power is dispatched
first. As more imbalance is to be settled, the price will rise. Both for positive and negative imbalance there
exists a market. If control capacity is dispatched, the suppliers receive a price per unit of energy. This price
depends on the ladder and the value of the imbalance. Although suppliers can make different bids for the
electricity, all receive an equal price when their capacity is dispatched [23].
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Having a market for power for imbalance settlement has the consequence that PRPs try to minimise their
imbalance due to the costs for settlement. The imbalance market gives an impulse to PRPs to set up accurate
E-programmes and to behave according to these.

2.3.3 Renewable energy

Sustainable energy has been introduced in the Dutch electricity supply system since the seventies [26].
Because of international agreements and the increased awareness of the importance of the environment
there is a growing market for sustainable generation of electricity. The generation of sustainable or 'green'
electricity is often more expensive than conventional generation. This is caused by the Illgh investment
costs and the relatively low energy density of sustainable resources. Nevertheless the transition towards a
production portfolio with significant shares of renewable energy seems necessary. To stimulate the intro
duction of Renewable Energy Sources Electricity (RES-E), governments use different strategies. The most
used strategies throughout Europe are depicted in figure 2.9.
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Figure 2.9: European support systems for RES-E
[6]

Each ellipse in the figure corresponds with a governmental tool to promote the further integration of RES
E. The different methods can either focus on stimulating the consumption of RES-E or on the production
of RES-E. An overview of the interpretations of the different tools is given below.

• Tenders
The tendering method is used in Ireland and France and states that each regional energy supplier
should pay a compensatory levy. These levies which are set centrally are used to pay the producers
ofRES-E a tender. This method focusses on stimulating the production ofRES-E [7].

• Fiscal incentives
Fiscal incentives can focus on both the production as on the consumption of RES-E. To promote the
production or consumption, taxes are reduced for green electricity investments, production of RES-E
or for the consumption. To increase the profitability of new investments, intrest rates on loans can be
lowered. The Netherlands, United Kingdom and Finland are using this model [6].

• Feed-in tariffs
Feed-in tariffs is the most used model throughout Europe. This method focusses on the supply side
by guaranteeing a minimum price for the production of RES-E. Tills method stimulates innovation
and the use of new technology by reducing investment risks. The disadvantage of this tool is that it
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2. Current electricity supply system

does not always lead to the most cost-efficient production of electricity. Furthermore, the minimum
fare makes it a relatively expensive tool.

• RES-E obligations
With RES-E obligations, all utilities are obliged to buy a certain amount of RES-E. This can be

organised using a certificate system. The tool focusses on the consumption of RES-E and leads to
an economic optimum since all producers want to produce at minimum costs. RES-E obligations
force further integration of renewable generation and the method is relatively inexpensive since no
subsidies have to be payed. The major disadvantage is that new innovations and the use of different
types of RES-E production are not stimulated.

• Feed-in law
Some countries in Europe (Germany, Denmark and Spain) have a feed-in law on top of their feed

in tariff system. This law forces utilities to give priority to RES-E being fed into the distribution
grid. This proves to be very stimulating for new investments in RES-E supply systems. Germany,
Denmark and Spain have installed large amounts of wind turbines which is mainly due to this law.

• Certificate system
The certificate system can be used in combination with any other tool to stimulate RES-E. Certifi

cates are used to verify the origin of renewable electricity and to allocate the subsidies. Organisations
give certificates to producers or RES-E per fixed amount of produced electricity.

RES-E stimulation in the Netherlands

In the Netherlands a system is in use which is a combination of the fiscal incentives and a feed-in tariff
tools. Producers of renewable electricity are guaranteed to receive a fixed minimum price for their produced
electricity. A certificate based system is used for the implementation of these systems. CertiQ, which is a
100% subsidiary of TenneT TSO bv, is addressed by the ministry of economic affairs to manage the issue
of green certificates. Producers of RES-E are being monitored and for each amount of RES-E they receive
certificates [29]. Producers of RES-E can return the certificates to EnerQ. This company is also a 100%
subsidiary of TenneT TSO bv and is addressed to payout grants on the basis of these certificates. The level
of subsidy is set by the government [35]. Since the launch of EnerQ and CertiQ, the number of certificates
issued has been growing steadily. Figure 2.10 shows the issuing of these certificates. As can be concluded
from the graph, the amount of RES-E produced is increasing. This leads to the conclusion that a certificate
based combination of fiscal incentives with feed-in tariffs is a successive way to stimulate the introduction
of sustainable electricity generation. However, studies by the Energy Research Centre of the Netherlands
state that a transition from the feed-in tariff system towards a quota obligation system is necessary due
to high costs of the current system. Since this transition obstructs further development in green electricity
generation techniques, it is not presumably to take place on a short term.

2.4 Conclusion

In this chapter, the current organisation of the Dutch electricity sector has been described. Despite govern
mental effort to promote the implementation of renewable energy sources in the electricity supply system,
only a small fraction of the total generation is renewable. Nevertheless this fraction is increasing. Further
more information about the market structure and the different electricity markets was given. The different
markets for power have different time scales and they are used for different purposes. This chapter is con
sidered to contain the background information for the next chapters. (Fig. 2.11)
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Figure 2.10: Issuing of the certificates by CertiQ
[29]
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Figure 2.11: Schedule in the electricity market
Thefigure shows the dai~y ~chedulefor programme responsible parties. All E-programmesfor the next
day have to be handed in hefore 12.00 the day ahead Limited modification are possible until one hour

before realisation ofthe programme. The E-programme runs from t until t + 15 minutes [42].
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Chapter 3

Distributed generation

3.1 Introduction

As stated in chapter I the main question of the research is: "What are the resulting consequences of the
integration of distributed generation on the organisation of the Dutch electricity market and, more specif
ically, on the system of programme responsibility?" According to the definition of the European Union
distributed generation is the group of electrical suppliers which is delivering power to a distribution grid
[5].

Distributed generated power can be used locally or be dispatched to the grid. In the first case the consumer
produces (part of) his own electricity. In the second case, the producer of distributed generation produces
more than his own consumption which creates a surplus that can be sold to other parties. This chapter
discusses the different types of distributed generation which are already in use in the Netherlands and
that will be used more frequently in the near future. For each generator, the working principle and future
opportunities are mentioned.

As with all electricity generators, a separation can be made between the non-renewable generators and
the renewable generators. Non-renewable generators convert fossil fuel to generate electricity. This is the
conventional and still the most common method. Renewable generators do not make use of fossil fuels to
generate power. Renewable generation has several advantages when compared with non-renewable gener
ation.

• Limiting CO2 emissions
One of the key aspects of the Kyoto protocol [24] is to limit the emission ofgreenhouse gasses which
contribute to the process of global warming. The largest contributor to this process is C02: A main
advantage of renewable generators is the short-term net zero-emission of CO2.

• Diversification of resources
Many of the fossil fuels are obtained in politically unstable areas. By introducing new and sustainable
resources, the need for oil and therefore also the dependency on other countries decreases.

• Deceleration of the depletion of fossil fuels
The reserves of fossil fuel are finite and depleting rapidly. Introduction of renewable electricity gen
eration can decelerate this process.

Unfortunately the energy density of most renewable resources is relatively low. This means that many
generators are required in order to generate the requested power. Consequently, many of the renewable
generators are also distributed generators. (For example: wind turbines and photovoltaic generators)

However, the opposite is not always true. Many distributed generators use fossil fuels to generate electric
ity. Currently, approximately 31 % of the electricity, generated in the Netherlands is supplied by distributed
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generators [30]. Many industries generate electricity as a byproduct from leftover steam. The largest indus
try to do this is the chemical industry.

Figure 3.1 shows the different types of generators in the Netherlands being categorised into renewable
versus non-renewable and distributed versus central. The area of the circles corresponds with the installed
production capacity in the Netherlands. From the figure can be concluded that central, non-renewable
generation is the largest type of generation by far. However, a slow transition towards more distributed,
renewable generators is taking place.

Steam and Gas

PV
lIydro •

•

i
Ccntral Gas ~nginc

Niare
Steam

CHP Distribntcd

Figure 3.1: Overview of the electricity generators in the Netherlands
The generators are categorised in renewable versus non-renewable and central versus distributed. The

size ofeach circle corresponds with the installed power in the Netherlands. The positioning ofthe
different types ofgeneration in the graph is subjective.

3.2 Characteristics of distributed generators

Tills section handles about the different types of distributed generators. The separation between renewable
and non-renewable generation, willch has already been described in the introduction of tills chapter, will
be used here as well.

3.2.1 Non-renewable distributed generators

A first group of distributed generators are the generators that make use of fossil fuels. In most cases fossil
fuels are used in a more efficient way to generate electricity compared to conventional power plants. The
excess heat which is normally thrown away in a conventional large power plant can often been used for
heating systems in dispersed generation.
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Combined Heat and Power

Combined Heat and Power (CHP) is a type of generator that generates both electricity and usable heat from
fuels. In most cases natural gas (methane, CH4 ) is used for this purpose. However, there are also possibil
ities to have a CHP working on liquid fuels, biogas, synthesis gas, coal or hydrogen. In the Netherlands,
most CHP plants are located at greenhouses that require CO2 and heat to grow their crops. In this case,
electricity is a by-product which can be dispatched to the grid.

CHP plants vary in size from several hundreds of kilowatts to approximately three megawatts. Some elec
tricity companies have special arrangements related to the payment for the delivered electricity [45].

f.LCHP

MicroCHP (f.LCHP) plants are generators producing both heat and electricity like normal CHP. The main
difference is that the scale of f.LCHP is much smaller. f.LCHP units produce approximately 1 kW which is
roughly the average electricity use ofa single household. This specification makes f.LCHP units particularly
interesting for installation in dwellings. The electricity produced can be used directly by the consumer or be
dispatched to the distribution grid. The heat can be used for the central heating system and hot tap water. For
f.LCHP-units, natural gas is presumably the most probable fuel because of the already existing natural gas
infrastructure. f.LCHP units can work with fuel cells, internal combustion engines or microturbines which
have a very high rotational speed. There are different options how to implement large groups of f.LCHP
units. Some studies suggest to switch on the f.LCHP units individually and thus leaving the responsibility to
the consumer. Other studies advance to group the f.LCHP units, creating virtual power plants (VPPs), while
leaving electricity companies in command over the switching.

In each case, deciding whether f.LCHP units should be switched on or off is a complex issue depending
on many factors. These factors are: gas price, electricity price, required heat, required electricity, storage
possibilities and the existence of imbalance in the grid. A decision tree for the switching is shown in figure
3.2. Because of the complex strategy to switch on or off the individual f.LCHP plants, predictability of the
generation may be low.

Switch off CHP

--~(f-~=:::::===-- OtI1er condlUon. for CHP?----
Other condl1lonB for CHP? -----

i -NO------===::::::===-~~=::~-~-l- Other oondltlon. for CHP? -

Figure 3.2: Decision tree for switching CHP modules

,-
SwitchonCHP
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3.2.2 Renewable distributed generators

Renewable distributed generators, generate electricity without the use of fossil resources. They have no net
emission of CO2 and are considered to have no influence on the environment.

Wind turbines

Although wind energy has already been used for a very long time, wind turbines for electricity production
were only installed since the early seventies. Nowadays, wind turbines vary in size up to 5MW and they
are being installed both onshore and offshore. Especially offshore locations are being developed nowadays
despite the technological and economical challenges. Wind turbines convert kinetic energy from moving
air into electricity. Therefore the power output is directly coupled to the wind velocity. For a 3MW wind
turbine, the power curve is given in figure 3.3.
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Figure 33: Power curve for a Vestas 90 (3MW) wind turbine
The horizontal a,yis shows the wind velocity in m/s whereas the vertical axis shows the power output ofthe

turbine in MW, [44]

Because of intermittent behaviour of wind velocity, the power output of wind turbines is also intermittent.
Figure 3.4 shows the load ofa 50kV substation with and without the connection ofa wind turbine. It can be
concluded that a wind turbine leads to very intermittent loads. Nowadays 1078 MW [37] of wind turbines
is installed in the Netherlands (total installed capacity is 21500 MW) which produce 1.63% [30] of the
yearly energy use. Despite the hurdles wind power is definitely expected to grow [37].

Pbotovoltaic generation

Photovoltaic (PV) generation generates electricity from irradiating sunlight. Semiconductors are used to
convert solar energy directly into electricity. PV modules can be connected to the distribution grid thus
supplying energy for the consumers or delivering back to the grid. The share of PV generation in the
Netherlands is still relatively marginal. However, it is expected to grow in the future [22].

Other types of renewable distributed generation

Next to wind power and solar energy, there are some more types of renewable distributed generators. Some
examples are small scale hydro plants, tidal generators, which use either the kinetic or the potential energy
of the water, and small biomass installations. These types are not discussed thoroughly in this report since
they are not expected to have significant value for electricity production in the Netherlands.
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Figure 3.4: Load ofa 50kV substation with a wind turbine
The black dots show the nonnalload 0/a substation whereas the blue dots show the absolute load with a

wind turbine connected. The graph has been made/or the 50kVsubstation at Medemblik/or February
2004.

3.3 Pros and cons of distributed generation

Distributed generation enables the possibility to integrate renewable electricity generation in the electricity
system. There are however some other advantages which are introduced by distributed generation.

• Production in peak price periods
Distributed generation often requires a short startup time which makes distributed generation inter
esting for peak shaving.

• Reduction of transmission losses
By producing the electricity at the location where it is being consumed, the transmission losses can
be minimised. This results in a higher overall efficiency.

• Increasing system security of supply
Since distributed generators are relatively small, a large number of generators is required. If one
of the generators fails, the consequences will be less severe than in the current situation with large
centralised power plants.

• Creation of niche markets
The implementation of distributed generation can be used for the creation of niche markets in which
new technologies can be explorated and developed.

• Improve power quality
Depending on the kind of distributed generation it can improve power quality.

Unfortunately distributed generation has some disadvantages which make the integration in the existing
system rather challenging.
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• Loss of the economy of scale
Currently, large power plants benefit from economy of scale. First of all, large power plants can be
optimised in such a way that the electricity output is as high as possible, resulting in a high electrical
efficiency. With distributed generation this optimisation is probably too costly.

• Investments in the distribution grid required
Distributed generation is located in the distribution grid. Generating power in this grid means that
the grid may have to be expanded in order to be able to distribute the energy to the consumers.

• Stability
Large power plants, consist of large synchronous generators which are rotating with high inertia.
This has the advantage that faults do not have a severe effect on the overall system. Small generators
do not have this advantage. Special measures have to be taken to make sure that faults in the grid do
not lead to large blackouts.

• Predictability
One of the advantages of distributed generation is that it enables the integration of renewable gen
eration in the electricity grid. However, most renewable generation uses meteorological effects to
generate electricity. This means that the electricity output of many renewable supply systems de
pends on weather conditions. This is demonstrated in table 3.1.

Table 3.1: Supply determining factors of renewable supply systems
Photovoltaic Windpower CHP p,CHP

Wind velocity •
Solar irradiation • • •
Temperature • • •

The black dots represent meteorological conditions whereas the gray dots represent market aspects.

• Controllability
In contrary to conventional power plants, the power output of distributed generators can not yet be
controlled very accurate. This power output is either determined by the weather conditions as stated
in table 3.1 or by the consumer where it is located. This can cause problems related to the balance
between production and consumption of electricity.

3.4 Conclusion

In this chapter, several types of distributed generation have been mentioned. The types which are of signifi
cant value for electricity production in the Netherlands have been discussed thoroughly. It can be concluded
that distributed generation enables further integration of renewable generation in the electricity grid. Fur
thermore it can contribute to a more secure and a more efficient electricity supply system. Unfortunately
there are some disadvantages related to distributed generation. Some of the problems are related to tech
nical aspects like stability. However, aspects as the Wlpredictability and the UDcontrollability of distributed
generators can be considered to be organisational issues since they influence the balancing of consumption
and production.

The next chapter will discuss two energy scenarios which have been created to forecast the penetration
of distributed generation in the future. The scenarios will be used as a point of departure for the further
research.
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Chapter 4

Scenarios

4.1 Introduction

This thesis describes the problems that may occur in the future due to the further integration of distributed
generation in the Dutch power supply system. In order to deal with the uncertainties of the future situation
it is common use for studies to make use of scenarios. Scenarios give a (long term) vision of the future,
depending on defined degrees of freedom and they should be usable as a point of departure for further
research. In many institutes and companies they are also used as a guideline for making decisions and
for planning transition paths. In this study, scenarios are used as a reference and as a visualisation to
demonstrate to what degree distributed generation can playa role in the electricity supply system in the
Netherlands. The scenarios describe a situation as it could be in the year 2030.

4.2 Future perspectives

There exist already a number of scenarios on energy demand and energy supply. The most known are the
World Energy Outlook by the International Energy Agency [9] and Global Scenarios by Shell. TenneT TSO
bv is obliged by the Office of Energy Regulation (DTe) to create a quality and capacity plan periodically
[21, 22]. The most recent quality and capacity plan (2006 - 2013) [22] contents four scenarios which
describe four possible future situations for the power supply in the Netherlands. TenneT TSO bv uses these
scenarios as a guideline for further development. Since these scenarios are specifically orientated on the
Dutch electricity market they have been selected as a reference for the scenarios in this report.

4.2.1 Degrees of freedom

A vision of any possible future situation of any system depends on certain variables which describe an
orientation or motivation of a society. The degrees of freedom for the scenarios for this study are 'Sus
tainability' versus 'Fossil fuels' and 'Free Market' versus 'Protectionism'. 'Sustainability' versus 'fossil
fuels' corresponds with the degree of integration of renewable developments and technologies in the so
ciety. 'Free market' versus 'protectionism' is related with the degree to which there is international trade
and stimulation of economic growth. A combination of the two degrees of freedom gives four different
scenarios.

• Sustainable Transition
This scenario predicts an increase in the community spirit of the society and a sentiment of anti
globalism. (Fig. 4.1, upper right) Economic growth is of less importance. The moderate economic
growth will cause a limited increase in the demand for power. Further electrification of processes will
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4. Scenarios

cause a high increase in the demand for electricity. Electricity production by combustion of coal will
be replaced by combustion of natural gas which will result in a cleaner electricity supply system.
Furthermore, renewable generators will be given the opportunity to develop further. Wind energy
and biomass power plants in particular can play an important role. Because of the high degree of
sustainable generation this scenario is relevant for this study.

• Green Revolution
The green revolution scenario describes a dramatic change in the society. (Fig. 4.1, upper left) Envi
ronmental and climatological changes will be increasingly apparent and could start to form a threat
for the society. This may convince people about the necessity to change their lifestyle. There is a
growing awareness about the need for international cooperation to prevent climatological changes.
The scenario predicts high economic growth which results in an increase of the demand for energy.
However, due to the high environmental concerns the high demand for energy will mainly be met
with sustainable generation. p,CHP, biomass gasification and offshore wind parks will be very promi
nent. Because of the high degree of sustainable generation this scenario is relevant for this study.

• New Strongholds
This scenario (Fig. 4.1, lower left) predicts a pessimistic perspective of the society against future
developments. There will be only very little concern about the environment and a negative growth of
the economy. Furthermore, fossil fuels are expected to be used as much as possible. Renewable and
distributed electricity generation will not get any opportunity to be developed further.

• Money Rules
Most important in this scenario is the prediction of economic growth. (Fig. 4.1, lower right) A high
degree of globalisation and liberalisation of the market is expected. Asia could playa much more
important role in the international economy. The enormous demand for energy will mainly be met
with an increase of the use offossil fuels and nuclear power. Sustainable and distributed energy will
only be applied marginally.

Protectionism Free market

Figure 4.1: Overview of four scenarios
upper left.' sustainable transition, upper right: green revolution

lower left: new strongholds. lower right: money rules

An overview of the scenarios is shown in figure 4.1 and the specifications ofthe four scenarios are displayed
in table 4.1. The scenarios green revolution and sustainable transition are of particular interest due the
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Table 4.1: Specifications of the selected scenarios
ST GR

Economic growth - +
Sustainability ++ ++
Growth electricity consumption 3% 4%
Percentage renewable generation 27% 43%
Energy storage 0/+ 1 0/+1

Electricity production (not renewable)
Coal (conventional) -- --
Coal (gasification 0 ++
Gas engine ++ +
Gasturbine ++ +
CHP + +
,uCHP 0 ++
Nuclear 0 0
Electricity production (renewable)
Hydro power 0 0
Wind (onshore) + +
Wind (offshore) ++ ++
Biomass ++ ++
Photovoltaic ++ +

ST: sustainable transition, OR: green revolution, MR: money rules, NS: new strongholds
--: very negative, -: negative, 0: no changes, +: positive, ++: very positive

I) According to the scenarios in the quality and capacityplan 2006-2013 there is an increase in the storage of energy.
However, the scenarios in this study predict no increase.

high expected penetration of renewable and distributed generation. Therefore the energy use of these two
scenarios will be discussed thoroughly in the next section. (section 4.3)

4.3 Energy profiles

4.3.1 Sustainable transition

On one hand, the economic recession will cause a decrease of energy demand. On the other hand, a high
degree of electrification is expected to diminish the dependence of oil-exporting countries and for environ
mental benefits. Slowly, the oil reserves start to deplete and oil exporting countries also start concentrating
on harvesting natural gas. The greater environmental concerns of the society will result in a target to save
energy and to increase the use of renewable energy resources.

However, the transition towards a society which is fully depending on sustainable energy is a very time
consuming process and not completed by far. Altogether the further electrification will result in a yearly
growth of 3% of the electricity consumption and consequently investments in production capacity are
required. These investments will mainly be in sustainable generation.

• Gas powered plants
Old power plants will be replaced by high efficient gas powered plants. Coal plants will slowly di
minish. Gas powered plants have less hannful emissions which cause them to be more environmental
friendly.

• Biomass plants
There will be new incentives to build offshore biocrude plants. Biocrude is a liquid fuel which is
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created from biomass in a pyrolysis process. One of the main advantages of biocrude is the higher
energy density compared to conventional biomass (30 GJ/ton contrary to 17 GJ/ton for rapeseed)
Furthermore biocrude is a liquid fuel and therefore suitable for transportation. By selecting offshore
locations, complaints about smell are avoided. In the sustainable transition scenario it is expected
that approximately 5000 MWe will be built.

• Wind power
Wind power is still considered to be one of the most important ways to generate electricity in a
renewable way in the Netherlands. Despite environmental concerns, onshore wind parks are not
longer accepted. Therefore it is decided to build 20 GW of wind turbines in offshore locations.

• Combined Heat and Power units
The remaining part of the electricity demand will be generated with high efficient, centralised com
bined heat and power systems.

Overall it can be concluded that renewable generation plays an important role in the scenario sustainable
transition. Most renewable generation is centralised. Figure 4.2 shows the distribution of electricity gener
ators in this scenario.

Scenario Sustainable Transition
300

250

:c
~ 200
t:::..
c
0

TI 150:::l
"0
0
0..
c- 100'0
·u
<1l

UJ 50

0
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_Others
_ CHP

_Biomass
_Cle.ncoal
_ Photovoltaic
_Wind (urbinas
_ Hydro power

_Nuclear
_Gas turbines
_Steam .nd Gas
_Steam turbines

Gas engine

2000 2005 2010

Year

2015 2020 2025 2030

Figure 4.2: Distribution of electricity generators in the scenario 'renewable transition'
Time on the horizontal axis, electricity production in TWh on the vertical axis

4.3.2 Green revolution

High economic growth, combined with increasingly severe consequences of the process ofglobal warming,
creates a high motivation to invest in new renewable energy sources. This effect is even stimulated by the
high prices for oil which are a consequence of scarcity. The hydrogen economy which has been initiated in
the beginning of the century, starts to be significant. The main part of the automotive industries has already
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switched to the production of hydrogen vehicles. The necessity of further integration of renewable energy
is obvious but the succeeding of this integration depends on the possibilities to store electricity and on the
market behaviour of the players in the electricity market.

In the Netherlands, energy consumption mainly consist of biomass, wind energy and the 'clean' use of
natural gas. There will be the following changes in the system of electricity production.

• Steam turbines
The number of steam turbines will decrease dramatically. This technology is considered to be out

of-date and polluting.

• Steam and gas units
Combined steam and gas turbines have a higher efficiency and will replace the steam turbines.

• Gasturbines
High oil prices makes it more profitable to harvest natural gas in the Netherlands. CO2 is pumped

back into the gas fields. This helps to extract the natural gas and it is a contribution to the reduction
of CO2 emission.

• Wind turbines
The Dutch government has set the target to build 9000 MW of offshore wind turbines before the

year 2030. The high economic growth and the implied need for expansion of residential areas makes
it less profitable to build onshore wind turbines. Furthennore, offshore wind velocity is higher and
more consistent which leads to higher profits.

• Biomass
Biomass will be significant in the production of electricity. Most of this biomass will have to be

imported. The export of biomass contributes to economic growth in third world countries.

• j.LCHP
More and more dwellings will be equipped with j.LCHP to produce heat and electricity from natural

gas. This leads to a higher fuel efficiency. After some years, the natural gas may be replaced by a
mixture of natural gas and syngas or hydrogen from biomass. This development would change j.LCHP
to an even more sustainable technique to generate electricity. It is expected that half of the households
is equipped with j.LCHP by 2030. This corresponds with an approximate electricity production of
12500 MW.

Figure 4.3 shows the distribution of electricity suppliers for this scenario. In this scenario, renewable gen
eration is mainly distributed.

4.4 Conclusion

This chapter described four scenarios that have been created by TenneT TSO bv for business planning
[22]. Two of these scenarios are of particular interest for this project since they predict a high penetration
of sustainable electricity generation in the Netherlands. These two scenarios, 'sustainable transition' and
'green revolution', have been discussed thoroughly. According to societal changes in these scenarios a
vision on the electricity supply system in the year 2030 was given. The major difference between the two
scenarios is the distributed versus central situation of the renewable suppliers. The scenarios are used as a
point of departure for further research where the influences of large scale implementation of wind energy,
CHP and j.LCHP are investigated.
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Scenario Green Revolution
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Figure 4.3: Distribution of electricity generators in the scenario 'green revolution'
Time is displayed on the horizontal axis, electricity production in TWh on the vertical axis.
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Chapter 5

Consequences of the scenarios

5.1 Introduction

The previous chapter discussed two scenarios which give a vision on the electricity supply system in the
year 2030. These two scenarios were 'sustainable transition' and 'green revolution'. Both scenarios predict
a significant increase in the use of electricity from renewable energy sources (RES-E). The actual gener
ation of this RES-E differs per scenario. In 'sustainable transition' it is mentioned that most sustainable
generation will take place in large biomass plants and large offshore wind parks. In contrast, the 'green
revolution' scenario describes a situation in which f.LCHP plays an important role. RES-E in this scenario
is mainly generated distributed.

The introduction of RES-E will have a number of consequences which will be discussed in this chapter.

5.2 Consequences of distributed generation

The introduction of distributed generation, whether it is renewable or not, leads to a significant change in
the organisation structure of the electricity market. Figure 5.1 shows the current market structure.

timaryenergy

Figure 5.l: Overview of the current organisation structure of the electricity market
[21]

Up to now, primary energy is transformed into electricity in electricity production facilities after which
the energy is transported to the consumer. On a higher level, there is trade of electricity and balancing of
supply and demand. These two aspects of the market are linked with both production and consumption
of electricity. Production and import (and if necessary part of the load) can be adjusted to meet the total
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of consumption and export of electricity. However, the introduction of distributed generation causes the
organisation to change. This transition is demonstrated in figure 5.2.

Primary sources

Figure 5.2: Transition in the organisation structure of the electricity market

Extra blocks with primary sources and production can be inserted in this figure. The production facility is
located near the consumer and thus decreasing the necessity to transport the electricity. As can be concluded
from the figure above, trade and balancing have no insight nor influence on this second group of production
facilities. Distributed generation is often switched on or off depending on many complex variables which
are difficult to predict. The missing connection between production and trade plus balancing causes a
number of obstacles to different actors.

Balancing and trade are activities which are executed by the TSO and the PRPs respectively. Incomplete
information about the electricity market tends to make these activities more difficult. Distributed generation
causes the load pattern of consumers to change. Currently, E-progranunes are set up based on historic
data and load profiles. Groups of consumers tend to have a specific load profile which can be predicted
quite accurately. The exact profile depends on the type of consumer. Since distributed generation will be
situated near the consumer, it can be accounted as negative load. Unfortunately the activities of distributed
generation are very poorly predictable. This causes problems on calculating a correct and accurate load
profile, resulting in wrong E-programmes.

5.3 Peak load

The highest load which can occur in the system is named the peak load. Production facilities need to be
able to produce enough electricity to meet the peak load. If necessary, some loads can be switched off to
meet this demand. One of the tools to visualise the amount of peak load required and the total time that this
occurs is the load duration curve. This curve can be created from data which is available on the TenneT
TSO bv website [42]. The load duration curve shows the total number of hours that a certain load is present.
On the horizontal axis, the total number of hours per year is visualised. The vertical axis corresponds with
the load. The load duration curves for the Netherlands in 2003, 2004 and 2005 are shown in figure 5.3.

From the graphs can be concluded that a high load is only present during a relatively small amount of hours
whereas the base load is always present. Furthermore the energy consumption increases each year.

5.3.1 Load duration curves for scenarios

As stated before, distributed generation can be considered as negative load since it is located in the distrib
ution grid near the consumer. For the two scenarios a possible load duration curve has been derived. To do
this, profiles for the load and the production by wind power and p,CHP have been created.
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Figure 5.3: Load duration curves for the years 2003, 2004 and 2005
Datafrom TenneT TSO bv website, corrected/or representability 01100% [42].

Load

To estimate the total load in 2030, the load from 2005 has been multiplied with a constant that represents
25 years of annual growth according to the growth ratios given in chapter 4. (Eq. 5.1)

(5.1)

Wind power

To estimate the yield ofwind power, wind speed measurements from 2005 [40] have been used. Calculating
the energy output of a wind turbine happens by multiplying the power factor with the total installed wind
power capacity. The power factor is a function of wind speed. For one wind turbine, the power factor as a
function of the wind speed looks like figure 3.3 in chapter 3. However, not all wind turbines are situated in
the same area. Furthermore not all turbines are identical and the energy output of a wind park differs from
a single turbine. To take these aspects into account, a power factor was selected which gives the power
output of a turbine as a function of the wind speed as shown in figure 5.4.

This figure shows a more gradual increase and decrease of the power output as a function of wind speed
than the power factor for a single turbine. (Eq. 5.2) For offshore wind power, onshore wind velocity is
multiplied with a constant.

(5.2)

J.LCHP

To estimate the yield of J.LCHP from dwellings, a profile has been set up. The assumption was made that
electricity output from J.LCHP units corresponds with the demand for heat. For normal dwellings, twice a
day there is a heat requirement: during the morning hours and in the evening. (Appendix F) During the
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Figure 5.4: Power factor for the total wind park in the Netherlands
[17]

day, demand for heat will be lower. A profile for the electricity production of a household was set up. This
resulted in a function for the power factor as a function of time. The total national electricity production
by /-LCHP units is calculated by multiplying the power factor, which is a function of time, with the total
installed capacity of /-LCHP. (Eq. 5.3)

(5.3)

5.3.2 Conclusions from the new load duration curve

The new load duration curve can be calculated by subtracting the expected yield by wind en /-LCHP from
the total load in 2030. This results in the following load duration curves. (Fig. 5.5)

From these graphs it can be concluded that the peak load of both scenarios will increase dramatically
due to electrification of processes and economic growth. Furthermore it can be concluded that distributed
generation does not contribute to a decrease of the peak load. Apparently, for only part of the time that the
peak load is present there is distributed generation. Since the price of electricity is depending on supply
and demand, it can be concluded that a high demand (peak load) will cause high prices. However, if the
time in which peak load is present decreases but the maximum value of the peak load does not decrease, it
means that suppliers of peak load produce electricity less often. Since investments in peak power capacity
are not expected to change, it is reasonable that electricity prices for peak power will increase in order to
make investments profitable.

Since PRPs are companies which want to optimise their profits, they are likely to tIy to minimise their
costs. If prices for peak power would increase, it is likely that PRPs have loads switched off to avoid high
costs. Market response may therefore increase in significance. This will be explained later in this document.
(Chapter 6)
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5.4 Predictability and controllability

Another disadvantage is the lower predictability and controllability ofdistributed generation. Predictability
is the ability to be forecasted. Conventional coal fired power plants have a high predictability. Many hours
in advance it can already be predicted what the power output of a plant will be. Since many distributed gen
erators are based upon renewable energy sources which are related to weather conditions, the predictability
is far lower. This unpredictability can cause problems in setting up the E-programmes.

Controllability is the ability to be controlled in real time. Plants of which the electricity output can be
controlled to meet the E-programme are considered to be controllable. Conventional power plants are
controllable to a certain extend. Distributed generators however are often not controllable due to a number
of aspects.

• distributed generation is often based on renewable energy sources. The electricity output is therefore
coupled to meteorological conditions.

• There is often no data connection to control the power output.

• Controlling the power output often means limitation. Distributed generators already have a rather low
profit. Decreasing this even more is not stimulating for further integration of distributed generation
in the grid.

Figure 5.6 shows which of the different generators are controllable and predictable.

Predictable

High
Oil

<1) ..c Gas, Coal
~ ClJ Nudear
c<l ::c Large biotl1~ss

g
C ;?;
o 0 ConslItl1ptiou

U .....l
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Phorovolraic
Wine!

I CHP"lCHP

Figure 5.6: Overview of controllable and predictable aspects in the electricity market
Consumption is included in this figure although it is not an electricity generator. However, changing

consumption can also lead to another balance between supply and demand.

5.4.1 Consequences of low predictability and controllability

A lower predictability and a lower controllability results in inaccurate E-programmes. The E-programmes
have to be handed in one day in advance and can only be adjusted via intra-day bilateral contracts for a
certain number of times per year. The low predictability ofdistributed generation makes it very difficult to
set up a correct E-programme. This results in deviations between E-programmes and the actual electricity
supply and demand.

Normally, deviations could be solved by controlling the power output of power plants. PRPs used to do this
to limit the imbalance and to limit the imbalance costs. Low controllability of renewable generators means
that PRPs cannot adapt their electricity supply to meet the E-programme. As more distributed generation
is integrated in the market, this problem will increase even further.
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5.4.2 Control capacity

Any imbalance in the electricity system can be settled by the TSO. To do this, regulating, reserve and
emergency power is deployed which is offered in a price ladder bidding system. The actual deployment
of control capacity in the years 2003, 2004 and 2005 is shown with bars in figure 5.7. Data about the
deployment of control capacity can be found on the TenneT TSO bv website [42]. The three lines show
the best fit to the bars with a Gaussian distribution. It can be concluded from the graph that the distribution
of the deployment of control capacity is Gaussian. The Gaussian distribution have averages and standard
deviations which are displayed in table 5.1.
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Figure 5.7: Deployment of control capacity in the years 2003,2004 and 2005
[42}

Table 5.1: Characteristics of the Gaussian deployment of control capacity

Average (f.l) [MW] Standard Deviation (0- d) [MW)
2003 -30 120
2004 -16 110
2005 -27 110

Presumably the standard deviation of these distributions will increase due to the further integration of
distributed generation. The lower predictability of distributed generation will be the main contributor in
this transition. The average of the deployment is not zero. There is an offset towards positive imbalance
(long). The origin of this offset is explained later in this section.

A second way to visualise the deployment of control capacity is the control capacity duration curve. similar
to the load duration curve, this curve shows the total number of hours per year that acertain amount of
control capacity is deployed. The vertical axis shows the amount of control capacity whereas the horizontal
axis shows the number of hours per year. As can be concluded from the figure, control capacity can be both
positive and negative, representing being short and long respectively. Usi.ng the same data which was used
to set up the histograms of the deployment of control capacity (Fig. 5.7), a new figure, showing the duration
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curves of control capacity can be created. This graph is shown in figure 5.8 and displays the curves for the
years 2003, 2004 and 2005.
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Figure 5.8: Control capacity duration curves for 2003,2004 and 2005
[42J

It is expected that the control capacity duration curve will change due to the unpredictability and uncon
trollability of distributed generation. The required deployment of control capacity is expected to increase
leading to more spread in the duration curve.

Scenarios

The unpredictability and uncontrollability of renewable generation will influence the deployment of control
capacity. The two scenarios which have been described in chapter 4 mention high penetration of distrib
uted generation in the electricity supply system. The assumption has been made that the distribution of
deployment of control capacity will continue to be Gaussian. The standard deviation of the distribution is
determined by the amount of unpredictable suppliers in the system. Currently, predictability of the overall
supply system is very high, resulting in a low standard deviation. For the scenarios, for each type of gen
erator the average predictability was estimated based on literature and available data. This resulted in the
following table. (Table: 5.2)

From this data the total unpredictability can be derived with equation 5A.

i=13

UncertaintYtotal = L UncertaintYi - Xi
i=l

(SA)

This results in the following total uncertainties of generation. (Table: 5.3) The values are percentages of
the total average generation.

The scenario with high j.tCHP penetration results in low predictability. It was assumed that the standard
deviation of the Gaussian distribution of the deployment of control capacity is linearly related with the un
controllability as mentioned in table 5.3. This results in the following standard deviations for the scenarios.
(Table SA) The values are percentages of the total average generation.
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Table 5 2' Calculating the uncertainty for the scenarios..
i Generator Uncertainty X2OO6 XSustainable transition XCreen revolution

(%]-[ (%1*2 (%]*2 (%]'2

1 Gas engine 0 4 26 6
2 Coal 0 28 1 2
3 Steam and Gas 0 33 27 24
4 Gas turbine 0 6 16 14
5 Nuclear 0 3 2 1
6 Hydro 0 0 0 0
7 Wind 20 4 19 7
8 Photovoltaic 30 1 0 4
9 ~CHP 50 3 0 15
10 Clean coal 0 4 0 9
11 Biomass 0 4 8 8
12 Other 50 0 0 0
13 Import 0 12 1 10

*1) Note: the values are percentages to which degree the generation is not predictable.
*2) Note: the values are percentages of the total generation in the Netherlands.

Table 5.3: Uncertainties of the production for the scenarios
Scenario Uncertainty

Now ~ 3% '"
Sustainable transition ~ 4% *

Green revolution ~ 10% '"

*) Note: the values are percentages of the total average generation.

Table 5.4: Standard deviations in the distribution of deployment of control capacity
Scenario (Jd

Now ~ 070% *
Sustainable transition ~ 0.93% *

Green revolution ~ 2.33% '

*) Note: the values are percentages of the total average generation.

Using these values, the distribution of deployment of control capacity for the scenarios can be calculated
as well as the expected control capacity duration curves. Figures 5.9 and 5.10 show these figures for the
scenarios compared with the current situation.

It can be concluded from these figures that the need for control capacity increases due to the further inte
gration of distributed generation. This could cause extra costs for the programme responsible parties which
could finally result in an obstruction for further implementation of distributed generation.
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Figure 5.9: Distribution of the deployment of control capacity according to the scenarios
[42]
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5.4.3 Costs of control capacity

In chapter 2 about the organisation of the electricity market, it was mentioned that there is a market for the
supply of reserve, control and emergency capacity. This market enables suppliers to speculate. Production
capacity is offered for a price and if imbalance increases, control capacity will be deployed. Suppliers can
decide themselves for which price they will offer the electricity. However, very high bids result in a very
low chance of being deployed since any cheaper imbalance settlement power will be deployed first. On
average, imbalance prices are higher than the prices on the APX. This results in a stimulus not to create
imbalance. For suppliers, the higher prices at the imbalance market are a stimulus for purchasing electricity
on this market instead of on the APX. Creating imbalance by not purchasing electricity at the APX results
in extra costs for the PRPs. These extra costs can be visualised in a figure. Figure 5.12 shows the difference
between the imbalance market and the APX price on the vertical axis. the horizontal axis shows the amount
of imbalance. All dots in the scatter plot represent the values at one specific PTU in the year 2005.
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Figure 5.11: Imbalance costs in 2005
[28, 42], see also appendix G

The right side of this figure corresponds with positive imbalance (long) whereas the left side of this figure
corresponds with negative imbalance (short). The red line in the figure is the third order trendline for the
data. The blue line shows the histogram for all data. The following conclusions can be drawn from this
figure:

• Most imbalance is approximately O. This means that the current organisation with different markets
works reasonable and imbalance is usually not too large.

• Higher imbalance prices result in higher costs for programme responsible parties (red trendline).
This is a stimulus for PRPs to minimise the imbalance.

• The trendline (red) is steeper for negative imbalance then for positive imbalance. Being short results
in higher costs than being long.
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• Due to the higher costs for being short, the distribution of data for being long is higher. This can
be concluded from the data histogram (blue line) which clearly indicates that there is more positive
(long) than negative (short) imbalance.

• At APX price plus 185 €/MWh there is a price cap for contracted control capacity.

scenarios

In section 5.4.2, it was concluded that the need for control capacity increases due to the integration of
distributed generation. Graphs for the distribution of the expected deployment have been created. These
graphs can be inserted in the figure that shows the extra costs for the deployment of control capacity.
Assuming that the trendline through the data remains equal, the following graph can be created.

Green revolution
Sustainable transition
2005
3'd order fit
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40 60
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80 I
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Figure 5.12: Imbalance costs for both scenarios and 2005

[28.42]

If costs for imbalance remain equal and if the distribution of deployment of control capacity changes in
the scenarios as described earlier, there will be an increase in the total costs for imbalance settlement.
The unpredictability and uncontrollability of distributed generation causes higher costs for PRPs. This
is definitely not stimulating for any further integration of distributed generation in the electricity supply
system.

5.5 Overview of the obstacles for PRPs

The further integration of distributed generation has a number of consequences for the electricity market
and imbalance settlement. The consequences result in a number ofproblems for the programme responsible
parties. The problems have been mentioned in this section.

• Low predictability
Origin of most of the problems introduced by distributed generation is the low predictability. Because
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of the energy sources which are used for distributed generation, predictability and controllability is
relatively low compared to conventional power plants. The low predictability results in inaccurate E
and T-programmes.

• Inaccurate T-programmes
All programme responsible parties have to set up a T-programme which describes transport of elec
tricity for the next day. These T-programmes have to be send to the grid companies to enable them
to anticipate on the expected transport of energy. Transmission problems and congestion of power
lines can be avoided in this way. Currently, inaccuracies in T-programmes have no consequences yet.
However, if problems are created due to wrong T-programmes, these charges may change.

• Inaccurate E-programmes
All programme responsible parties have to handle in E-programmes which describe the trade of
electricity for the next day. The E-programmes are used by the TSO to balance the electricity system.
Errors in the E-programmes can result in imbalance which has to be settled in order to guarantee the
security of supply.

• Transmission problems
Transmission problems and congestion can be caused by setting up wrong T-programmes. Once
this starts to become a problem, handling in wrong T-programmes may get consequences. These
consequences will probably be financial and could result in a drawback for the further integration of
distributed generation.

• Imbalance
Wrong E-programmes can result in imbalance in the system. In this case the supply of electricity
does not meet the demand. If the imbalance is small it may be settled by the PRPs. However, larger
imbalances have to be settled by the TSO.

• Imbalance settlement by TSO
Imbalances, caused by the inaccuracies in E-programmes may have to be settled by the Transmis
sion System Operator. The TSO uses an imbalance system for this control purpose. This system is
based on a bidding system. Due to this system, imbalance settlement can result in high costs for the
programme responsible parties.

• Volatile prices
The costs for imbalance settlement by the TSO are rather unpredictable because of the price lad
der bidding system. The low predictability which causes imbalance in the system, finally results in
volatile prices for the electricity which is a risk for the programme responsible parties.

• No further integration of renewables
Most of the electricity in the market is traded via long term bilateral contracts between PRPs. These
contracts result in stable prices. Volatile prices on the imbalance market for imbalance settlement
are not at all desirable for the PRPs as they imply a certain risk. If the quantity of electricity on the
imbalance market increases due to the low predictability of distributed generation, the total price of
electricity will become less stable. Finally this will result in a certain reservation by the PRPs to
further implementation of distributed generation.

To give an overview of the obstacles and their relations with each other, figure 5.13 has been created.

All obstacles in this chain can be redirected to one first problem which is the unpredictability of distributed
generation. Finally, the result of the chain of obstacles is that distributed generation will not be integrated
further in the Netherlands.

5.6 Conclusion

In this chapter, the consequences of the transitions which have been described in the scenarios were men
tioned. It is predicted that distributed generation will be integrated even further and this transition will cause
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Figure 5.13: Induced obstacles for the PRPs

a number of challenges to solve. The introduction of RES-E will not result in any decrease of the need for
peak power. Peak load will remain unchanged due to the uncontrollability of distributed generation. How
ever, it will occur less often, thus resulting in higher costs. Furthermore the higher uncontrollability of
distributed generation could lead to higher imbalances in the market and thus to higher costs for PRPs.
This could result in obstructions for further integration. Therefore measures have to be taken to avoid the
induced problems and to stimulate further integration in the electricity grid. Based on the chain with prob
lems which was mentioned in section 5.5 of this chapter, a number of solutions will be given in the next
chapter of this thesis.
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Chapter 6

Solutions

6.1 Introduction

The previous chapter (chapter 5) discussed a number of obstacles for the programme responsible parties
which are caused by the further integration of distributed generation. These problems form a chain which
finally leads to a drawback for distributed and renewable generation. If this chain could be interrupted, this
withdrawal could be diminished or even removed.

First, this chapter will discuss the different possible solutions and their positions in the chain of problems.
Afterwards the effects of the solutions are discussed in detail. The result of this chapter will be an origin
for further research which will be mentioned in chapter 7.

6.2 Solutions

The chain of obstacles with the different difficulties which are caused by each other, can be interrupted
with a number of solutions. Some of the solutions are mainly technical where other solutions focus on a
change in the market structure. This section discusses the different solutions.

Figure 6.1 shows the chain of problems for the PRPs which was already discussed in the previous chapter.
However, on the right side, this figure also shows possible solutions which could decrease the problems
caused by the unpredictability and uncontrollability of distributed generators. There are three categories of
solutions:

• Technical solutions;

• Legislative solutions and

• Market solutions.

The three categories will be discussed in the following sections.

6.2.1 Technical solutions

All problems in the chain start with the unpredictability and uncontrollability of supply by distributed
generators. There are however several methods to increase the predictability and even the controllability of
these generators.
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Figure 6.1: Induced problems and solutions for the PRPs

Prediction methods

If the energy from distributed generators could be well predicted, the electricity yield can be described
accurately in the E-programme. This would cause a decrease of the imbalance. A lot of effort is put into
the development of different prediction models which can forecast the yield of for example wind turbines
and photovoltaic modules. Prediction models are systems designed to forecast the electricity output of a
generator. Some of these models use statistical data where others make use of climatological and mete
orological data to make the forecast. These last types of prediction models are often more accurate but
unfortunately they are also more complex and consequently more expensive. The accuracy of any forecast
depends on the time between the moment of forecasting and the forecasted time. The accuracy increases as
this time span decreases. Unfortunately, the E-programme has to be handed in one day in advance which
causes predictions to be rather inaccurate. The table below (Table 6.1) gives an overview of a number of
wind prediction models which are already in use.

Already, prediction methods are in use by programme responsible parties, grid operators and the TSO.
However, unfortunately the results of these methods are still rather poor. Nevertheless it is expected that
the accuracy of prediction methods will increase. Nevertheless, prediction methods can not decrease the
variability in the supply of distributed generation.

Energy storage

Storage of energy is the best technical solution to solve the problems for PRPs. Two main types of energy
storage are considered in this thesis. These are:
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Table 6.1: Wind energy prediction models
Statistical models Meteorological models Other models

eWind ISET Artificial Neural Network
Persistence AWPT Fuzzy Logic

Moving Average Model AWPPS
LocalPred RAL
RegioPred HIRPOM

Sipreolico
Predictor

ECN
WPPT
Zephyr

Previento

f8]

• Storage of heat or cold
CHP units produce both heat and electricity. Most of the time, the switching is done based on the
demand for heat. In this case, the produced electricity is a by-product. However, heat can be stored
in quite some different ways, depending on the total energy and temperature. If storage is used, pro
ducing heat and electricity can be done at those times when there is a need for electricity. Analogue
to this, cold can also be stored. Some greenhouses which are equipped with CHP modules, already
make use of heat storage. The programme responsible party 'Westland' has a number of customers
who have CHP modules installed in their greenhouses [45]. Depending on the need for electricity
(based on the APX value), CHP modules are switched on or off. The heat which is produced can be
stored for later use. Up to now, scheduling of the CHP units is done in advance, in order to make
the E-programmes more accurate. The unpredictability can be diminished in this way. However, sys
tems are not that flexible yet that CHP units are switched on or off depending on the imbalance. A
system as described above, requires a rather expanded communication network to control all CHP
units. Furthermore, agreements about switching have to be made with the customers of the PRPs. At
Westland, customers can receive a higher fee if the PRP has full control over the switching strategy.

Heat storage could also be used in dwellings which are equipped with p,CHP units. Instead of having
the heat demand switching the p,CHP, electricity demand could make the CHP switching. Intelligent
meters could help defining whether there is any demand for electricity.

• Storage of electricity
Electricity storage is still in development. Some short-term chemical storage methods (for example
lead-acid batteries) have already been developed to a high level but are still not economically feasible
for large scale application in the Netherlands. In some countries natural resources (for example hydro
power) can be used for middle-term large scale electricity storage. This however is not applicable in
the Netherlands. Nevertheless, it is expected that more techniques will be explorated further in the
near future. Already there are some pilot projects'. Fluctuating electricity production by distributed
generation may cause problems due to incorrect E-programmes. Creating a buffer with electricity
storage results in a more continuous, more predictable and better controllable yield of distributed
generators. Depending on the storage capacity and charge and discharge times, different storage
techniques can be selected. Already in the past there have been some remarkable ideas for electricity
storage. One of the most remarkable examples was 'plan Lievense' which was created in 1981 by ir.
Lievense. The idea was to use the 'Markermeer' for electricity storage by raising the water level. 400
Wind turbines would be placed on the dikes to generate the required electricity. Due to economical
and ecological reasons this plan was never realised [26].

'In Huntdorf, Gennuny, electricity is stored using air pressure.
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Storage of energy can be considered as a method to shift supply or demand of electricity or heat in
time. Storage systems could definitely solve part of the problems for PRPs. However, installing these
systems are very expensive and therefore not yet considered to be feasible. Nevertheless it should be
regarded as a reasonable option.

Controllable distributed generation

The uncontrollability of distributed generators causes imbalance problems for the PRPs. This uncontrolla
bility has a number of reasons.

• Renewable Energy Sources
Many distributed generators are based on renewable energy sources. The yield of these renewable
sources is often related to meteorological conditions.

• (j.L)Combined heat and power (CHP) plants
A significant part of distributed generation is formed by CHP units. These plants are often located in
industries or in greenhouses. In all cases they are situated on a location where there is both a need
for heat and electricity. Most of the time CHP units are switched on or off depending on the need for
heat. This causes uncontrollability for the generation of electricity.

If the uncontrollability could be diminished, difficulties for PRPs would decrease. Based on the different
types of distributed generators, there are different ways to realise this.

• Renewable energy sources
Although electricity output of renewable generators is related to meteorological conditions, the
power output can be controlled up to a certain extend by limiting the power output. If the nomi
nal power output of a generator is deliberately limited, it can also be increased whenever required.
This teclmique is already used for offshore wind turbines in Denmark. During the night, power out
put of the turbines is limited. In the morning hours when there is a fast increase in electricity demand,
the power output of the wind turbines can be increased by removing the limitations. Unfortunately,
controlling RES-E generators is only possible by limiting the nominal output. However, limiting
the power output may result in avoiding any imbalance costs. Therefore this method may result in
higher profits for production facilities. Nevertheless the solution can be considered suboptimal since
renewable sources are not used optimally.

• Combined heat and power plants
Currently most CHP plants are controlled by the owner of the plant. This often means that the gener
ator is switched on or off depending on the need for heat. However, the electricity market could also
be a stimulus for switching. Both for large CHP units and for j.lCHP plants, the electricity balance
could be an input for the switching decision. This decision is either up to the individual customer or
to the PRP or to a group of customers2 .

The supply of (p,)CHP units can be regulated using intelligent meters. These are devices which have several
advantages over nonnal meters.

• The programme responsible party can always check the meter. This creates the possibility to have a
time differentiated price system for electricity. With price differentiation it is possible to influence
the consumers demand for electricity. In a basic form this is already possible with the day and night
tariff system. However, intelligent meters could enable a fully differentiated system with even better
options to influence the consumption profi les of the consumers.

• Give feedback to the consumer. The intelligent meter can give detailed information about the elec
tricity use of the consumer. This feedback might influence the consumers behaviour.

2A group of customers can create a virtual power plant (VPP) in this way.
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• Switching is possible with an intelligent meter. Customers can be switched off and remotely switch
ing the CHP units could also be possible.

• Intelligent meters could decide for the consumer whether to switch on or off the tiCHP unit depend
ing on market aspects, system balance and energy demand.

Already intelligent meters are being installed. In Italy all households are recently equipped with these de
vices. in the Netherlands there is currently one PRP that is installing intelligent meters. However, these
devices don't have all the properties described above yet. The current advantages are the time differenti
ated tariffs and the possibility to limit the electricity consumption of conswners who haven't payed their
electricity bills.

6.2.2 Legislative solutions

Next to the technical solutions, production of RES-E can be stimulated with RES-E regulations.

RES-E regulation

Different regulations can be used to stimulate the production ofRES-E. These methods have been described
in chapter 2 (page 13) For example with the RES-E obligation system, like in Germany, consumption of
RES-E is obliged, creating a market for RES-E. In this way, producers are guaranteed to be able to sell
the electricity produced. Furthermore there also exist subsidies for producers of RES-E. Due to a nwnber
of aspects production of RES-E is not always profitable yet. With subsidies, this barrier can be overcome,
creating a stimulus for RES-E production. In the Netherlands, subsidies are payed using a certificate based
system. Unfortunately, promoting production or consumption ofRES-E with legislative measures has some
major disadvantages.

• High costs
Many of the regulatory systems are based on subsidies and are very complex systems which require
a lot of administrative work. This results in high costs for society.

• No stimulus for innovation
Some of the regulatory systems are not stimulating any innovation. there is no incentive for the
producers of RES-E to improve their systems.

• No solution for imbalance problems
Although RES-E will be produced with regulation, this is no solution for the imbalance problems
which are caused by the unpredictability and uncontrollability of the suppliers.

Because of the drawbacks mentioned above, legislative solutions are suboptimal options to stimulate the
production and consumption of RES-E.

6.2.3 Market solutions

A third group of solutions to improve the conditions in the market for further implementation of distributed
generation are changes in the market. If market problems can be solved by changing market conditions this
could be an optimal solution. The group of market changes consists of the following measures.
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Market response

Imbalance, caused by the unpredictability of distributed generation can be solved in any way as long as
supply and demand in the market are kept equal. Most measures which have been discussed up to now
address balancing to the supplier of electricity and consider the load to be a fixed value (which can change
in time). However, the opposite is also possible. Supply could also be considered fixed and imbalance is
then to be settled by changing the load. In order to achieve changes in the load, certain measures can be
taken. The concept of changing the load in order to meet the supply is called market response.

Influencing the demand side is already happening. Currently with the system of day and night tariffs. In
France this system is already extended to a six-tariff system which has three levels (bleu, blanc and rouge)
combined with day and night tariffs. The prices for the different tariffs differ significantly. They are given
in table 6.2.

Table 6 2' Tariffs at Electricite de France..
Tariff Bleu Blanc Rouge

300 days 43 days 22 days
22.00h - 6.00h 0.0446 €/kWh 00907 €/kWh 0.1682 €/kWh
6.00h - 22.00h 0.0553 €/kWh 0.1075 €/kWh 0.4702 €/kWh

[33J

The electricity company (Electricite de France) can decide what tariff to use and informs the consumer
about this in time. The tariffs 'blanc' and 'rouge' can only be used for 43 and 22 days respectively. The
differentiated price system stimulates consumers to shift their maximum load to off-peak hours. finally this
leads to a more continuous load.

The system with price differentiated tariffs could be expanded even further with the use of intelligent
meters. These would even enable a fully differentiated price system which could stimulate consumers to
shift their energy consumption in time even more.

Gate closure

Currently E-programmes need to be handed in the day ahead. Changes on the E-programmes are allowed
only via bilateral contracts and for a fixed amount of times per year and only on specific moments. However,
the accuracy of prediction methods, which are used to forecast the yield of distributed generators, increases
as the time span between forecasting and the forecasted moment decreases. A delay of the gate closure
means that the time span between the handling in and the realisation of the E-prograrnme decreases. This
would create opportunities for more accurate E-programmes. Finally this could result in fewer and smaller
imbalances which is a condition for the further integration of distributed generation.

E-programme adjustment and intra-day market

Currently the E-programmes can only be changed on the day of their realisation via bilateral contracts.
However, since demand and supply of electricity can be estimated more accurately as the time until the
realisation of the E-programme decreases it is desirable to enable changes in the E-programme. Splitting
the E-programme into two parts would be an option. In this case, the first part needs to be submitted one
day ahead where the second part only has to be submitted one hour ahead. An imbalance market for the
latest changes would also be a solution. Several years ago there was an intra-day market set up by the APX.
Due to failures in an early phase it was shut down again after 22 days.
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Financial hedging

Financial hedging would create opportunities for market parties to limit the costs for imbalance settlement,
created by further integration of distributed generation [4]. A system of insurances could be used for im
plementation of this method. However, it would not directly lead to a decrease of the amount of imbalance
to settle.

6.3 Consequences of the solutions

The previous section mentioned several solutions to solve the problems for the PRPs. This section first
gives an overview of the solutions mentioned before and afterwards the market solutions will be discussed
in detail.

The following table 6.3 can be created as an overview for all the solutions that have been discussed before.
The table shows which problems can be solved with which solutions. Furthermore it mentions whether
solutions are legislative (Leg.), technical or market oriented. Especially the market oriented solutions are
of interest in this thesis.

Table 6.3: Different solutions for the different problems due to distributed generation.

SOLUTIONS

ITechnical Lt_. Market
I I
I is

1.1
dJ

v E
;::::l dJ

6 co
ec

"0 dJ e v c: co

Itli CJ C ec c:co ~ ::E0 0 a 'eo.... Q) -0
~

- Q 0.. 8 "0
~- <I)

~
... I

c: .0 .0 :l LZ.l v CfJ
0 :§ r. :.J '" U

J - 0 '" c: -0 ""IE u dJ c: 'u0 "? - U bI)~t: .i:: 'J".
,

U c: c;l ~ c:
"0 u § ~ './? .... ec .0 "",~ <l.) - ro ..c: E 0 c:
~ W U1Vl ::::: CJ U >-< 0 ~

+-
Low predictability •
[ncorrect T-programme I. • .1 • • • •

CfJ Transmission problems I· • • • • • •::E
W.l Inl:orrect E-programme • • • • • • •.....:l
CO hnbalance I. • .1 • • • •0
~ Imbalance settlement by TSO I. • • • • • •0...

Volatile prices I· • • • • • ·1· • •
No innovation I· • • • • • • • • •

6.3.1 Market response

Programme responsible parties work with profiles to estimate the electricity consumption of consumers in
advance. In this way, E-programmes can be set up more accurate. Market response focusses on controlling
the profile of consumers. Several options exist to realise this concept. The reason to influence the profile
is to make the demand meet the supply of electricity instead of vice versa. If demand could be steered,
fluctuations in the yield of distributed generation can be leveled out thus decreasing the need for imbalance
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settlement. Finally this leads to lower imbalance settlement costs and more profitable conditions for further
implementation of distributed generation.

Influencing the demand of electricity can be done in some different ways. With price stimuli, the con
sumption pattern of the consumer may be influenced. Intelligent meters have the property to enable price
differentiation. This means that the good electricity can have different prices at different times. Depending
on the balance of supply and demand (market) a price for the consumer can be set. Already price differen
tiation is possible up to a certain level. Day and night tariffs already exist in the Netherlands and in France
there is a system with six tariffs. A second property of the intelligent meters is the ability to give the con
sumer detailed information about his consumption pattern and the resulting costs. Controlling consumers
behaviour by giving feedback is a proven concept which is already used in many applications [14]. Never
theless it is questionable if controlling electricity consumption by giving feedback works since electricity
is a complementary good. This means that consumers do not consider using electricity [10]. They want
comfort and the consumption of electricity is implied by this need. Influencing consumers on the use of
complementary goods is very difficult because it requires a change in the need for comfort [2]. Figure 6.2
shows the consumer in doubt between three stimuli which influence the consumer's demand for electric
ity. Since the three stimuli are in conflict with each other, decision making is very hard for the consumer.
The different tariffs in France appear to influence consumption profiles. However, high tariffs need to be

COMFORT

ECONOMICS

Figure 6.2: Different criteria create a conflict for the consumer
Comfort, economics and environment are in conflict which causes questions for the consumer

announced day ahead which makes imbalance settlement by market response almost impossible. Since this
requires a short term action.

A second way to use market response to control the power need of consumers is to use the property of the
variable transmission capacity of the intelligent meter. In this way, consumers are forced to limit their elec
tricity use. Lower tariffs should make this kind of market response interesting for the consumers. However,
also with limiting the maximum pass through capacity, announcements are required.

Market response could solve part of the imbalance problems for the PRPs. However, since market response
is not useful for very short term influencing of the consumption profiles, the results are expected to be
rather poor.

6.3.2 Gate closure

The accuracy of forecasting methods is related to the time between the moment of forecasting and the
forecasted time. If this timespan decreases, the accuracy of the forecast will increase. This can be visualised
with the following figure. (Fig. 6.3) This graph demonstrates the root mean square error of a prediction
method for wind energywind energy (persistence) as a function of forecasting time. The root mean square
error is a measure for the error (or inaccuracy) of a prediction. The inaccuracies increase as a function of
prediction time.
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Figure 6.3: Root mean square error for a persistence wind power forecasting method
The horizontal axis displays the forecasting time whereas the vertical (L'(is displays the root mean square

error ofthe persistence prediction method.

The unpredictability of wind production decreases with a shorter time between prediction and measure
ment. However, also for other sorts of distributed generation, this is the case. The current time scheme of
handling in the E-programmes was demonstrated in figure 2.11. The E-programme needs to be handed in
on the day ahead. Changes in the E-programme are allowed but only for free for a limited number of times
per year. This makes that changes in the E-programme are avoided if possible, thus resulting in imbalance.
By delaying the gate closure, which is the deadline for sending the E-programme, a higher accuracy can
be realised. This higher accuracy results in smaller and fewer imbalances and thus to lower imbalance
settlement costs.

Because of t-tCHP units, consumption profiles of consumers may change from the current values. De
pending on the strategy of CHP deployment and the related switching procedures, electricity production
by CHP units can be very unpredictable and fast changing. If there would exist any overall system for the
CHP switching procedure, fast changes in supply could be avoided. The benefit of delaying the gate closure
depends on the size of the shift. The current deadline of 12.00h on the day ahead is selected because time
is required to validate the E-programmes and to give the grid operators the opportunity to avoid congestion
with redispatch.

6.3.3 E-programme adjustment and intra-day market

Any imbalance in the system is to be settled by either a programme responsible party or by the TSO. If
possible, the PRP will settle the imbalance due to lower costs. However, if imbalance is created because of
shortage in for example wind imbalanceenergy production it is not always possible to settle this. In these
cases imbalance can be settled by the TSO. In order to do so, the TSO uses an settlement system which is
bases on a price ladder bidding system. First the cheapest bidders are selected and then the more expensive
ones, depending on the amount of imbalance. Both for positive and for negative imbalance there exists
price ladders for biddings. At some times there is both positive and negative imbalance for different PRPs
resulting in unnecessary high imbalance settlement costs. A new separate market for imbalance settlement
could solve this problem.

An imbalance market should be a very short term market next to the imbalance settlement system with
regulating, reserve and emergency power. At the imbalance market it should be possible to PRPs to trade
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electricity for the next few PTUs. This would enable them to respond to the results of forecasting methods
which increase in accuracy as the forecasting time decreases. A very short term market even makes it
possible for PRPs to react on the supply in dwellings by t-tCHP units in any way, directly or indirectly
using price stimuli. The supply may be adjusted as a result of the imbalance market.

An intra-day imbalance market would create extra opportunities for the further integration of distributed
generation in the Dutch electricity system because it helps tackling some of the problems that rise for the
PRPs. The imbalance market could decrease imbalance settlement costs. However, it should be regarded as
an addition to the current imbalance settlement system which is operated by the TSO. Opposite to the APX
market which works with biddings on an hourly base, an imbalance market should work on a basis of one
PTU, which is 15 minutes.

With the creation of a short term imbalance market, the electricity market will behave more like a conven
tional stock market since prices can directly change due to occurrences in the market. Greater flexibility is
created which creates opportunities for the owners of distributed generation.

6.4 Conclusion

This chapter described solutions to the market problems which rise for the PRPs as a result of further in
troduction of distributed generation. Some of the solutions are based on technical innovations where others
have a legislative or market based approach. The technical solutions are considered to be suboptimal since
they are not yet available or very expensive. The legislative solution is also considered suboptimal since
it influences and restricts free market behaviour. Nevertheless legislative measures can be very effective
for creating a market and forcing new innovations. The market based solutions may be more optimal since
they use the free electricity market to solve problems. Nevertheless these solutions require changes in the
market which should be initiated with legislation. The market based solutions have been discussed in detail
and it can be concluded that there are three reasonable options which can be studied more thoroughly.
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Chapter 7

Conclusions and recommendations

7.1 Introduction

This report described the results from the research in this project. The main research question has been
described in chapter 1 as:
'What are the resulting consequences ofthe integration ofdistributed generation on the organisation ofthe
Dutch electricity market and, more specifically, on the system ofprogramme responsibility?'

In order to be able to answer this question it was divided into two subquestions. These were:

• 'Which problems does the integration ofdistributed generation create for the programme responsible
parties? .

• 'Is the current system ofprogramme responsibility suitable and stimulating for the integration of
distributed generation in the Dutch electricity supply system?'

The project consisted of several steps in order to answer these questions. This chapter describes the findings
in the project and gives recommendations for further possible research.

7.2 Project results

First a thorough analysis of the current electricity market had been carried out. Currently, the market oper
ates with a system of programme responsibility. Several parties have been given the status of programme
responsible party. This means that they are allowed to trade electricity in different ways. Electricity can
be traded in long term bilateral contracts, or on any of the existing day-ahead markets. The programme
responsible parties are obliged to send in an E-programme to the transmission system operator. This E
programme describes trade between the different programme responsible parties and they are verified by
the transmission system operator. The E-programmes need to be sent in by 12.00h for the day ahead.

Because of legislative measures and public opinion, distributed generation is integrated in the electricity
grid more and more. Distributed generation has several advantages.

• Enabling of integration of renewable energy sources
Many of the renewable energy sources have a low energy density which makes them not very usable
for large scale central power generation. Examples are wind and solar energy.

• Enabling of the use of combined heat and power plants
Combined heat and power plants can be used to generate both heat and electricity. This combined
generation leads to a higher efficiency than a conventional power plant. A special form of CHP is
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p,CHP. p,CHP is expected to be used in dwellings in the future for both central heating and electricity
generation. p,CHP units may run on natural gas or on hydrogen or biogas (syngas).

• Higher security of supply
The security of supply ofelectricity is considered to be very important since blackouts result in major
financial consequences. With distributed generation, the possibility of a major blackout is reduced.

Unfortunately, distributed generation has some major disadvantages. Since renewable energy sources are
used for the energy supply, the generation of electricity often depends on meteorological conditions. With
CHP and p,CHP, the electricity production is depending on a lot of factors, including the need for heat. This
makes distributed generation rather unpredictable.

Already a significant part of the electricity supply in the Netherlands is generated by distributed generators.
The current legislation is stimulating further integration of distributed generation. Renewable energy is pro
moted with subsidies. Special organisations have been created to organise the emission ofgreen certificates
and the granting of subsidies. On the long term, this system with subsidies is very expensive and therefore
suboptimal. Currently the market operates as required with the current amount of integrated distributed
generation.

Different energy scenarios have been created and two of these scenarios have been expanded in this study.
The two scenarios both predict a large increase of renewable and distributed generation by the year 2030.
The exact composition of the electricity production portfOlio differs per scenario. The two scenarios have
been used as a point of departure for further analysis based on statistics.

An increase of distributed generation will cause an increase in the unpredictability and uncontrollability
of the supply. This makes creating any E-programmes to be more difficult. If there exist any errors in the
E-programmes, this results in high costs for the PRPs because of the resulting imbalance settlement. A
statistical analysis on the costs for imbalance settlement in the year 2005 was executed and this resulted in
some remarkable results.

• Most imbalances are around zero.
The market is able to balance itself quite properly up to a certain degree.

• Costs for positive imbalance settlement (short) tend to be higher than for negative imbalance (long).

• Costs per unit of energy increase as the amount of imbalance increases.

• The peak of the graph is not located at zero imbalance.
On average there is a negative imbalance due to the higher costs.

The results mentioned above will have some remarkable consequences for the deployment of distributed
generation. The unpredictability of distributed generation is higher than for conventional power genera
tion. This greater unpredictability will result in larger and more imbalances. Assuming that the costs for
imbalance settlement will remain constant and correlated with the size of the imbalance and if the market
will remain unchanged, a further integration of distributed generation will result in higher imbalance settle
ment costs. For many programme responsible parties this will be a drawback for installing more renewable
generation.

The unpredictability of distributed generation causes a chain of difficulties which finally obstruct its further
implementation. This chain of problems was presented in chapter 5 To interrupt this chain a number of
solutions can be created. Some of the solutions are mainly technical and did not fit in'Lo the context of this
study. Other solutions however focus on changes in the market. These have been discussed thoroughly.
Finally several recommendations for changes in the market have been advanced.

• Gate closure
Currently the E-programmes have to be handed in at 12.00h for the day ahead. This means that there
is a significant time between the handing in and the realisation of the E-programme. By delaying
the gate closure, this time span decreases. Forecasting methods for distributed generation tend to be
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more accurate as the forecasting time decreases. This means that the forecast will be more reliable.
Delaying the gate closure results in more accurate E-programmes and consequently in fewer and
smaller imbalances.

• Imbalance market
Currently, imbalance is settled by the TSO which uses an imbalance settlement system which is
based on a bidding ladder system. Both for short and long there is a market for imbalance settlement
power. However, it is suggested to create an extra imbalance settlement market. This market should
be really short term and it should give the programme responsible parties the opportunity to trade
electricity in order to avoid any imbalance.

• Market response
Market response can be used to have demand of electricity meet the supply. This is opposite to the
current organisation of the market. Market response uses special measures to influence consumer
behaviour. If the consumption profile of the consumer can be changed, imbalance can be settled
by the programme responsible parties by interfering with the demand. Market response would be
possible with a differentiated tariff system. Intelligent meters enable this method and are already
being installed in several countries.

7.3 Recommendations for further research

This study analysed the problems for the system of programme responsibility which are caused by the
introduction of distributed generation. Currently, the Dutch electricity market enables the integration of
distributed generation. However, there are some serious issues which have to be overcome. The solutions
mentioned earlier may result in a better environment for integration of distributed generation. However,
there are some aspects which have to be evaluated further.

• What is the exact effect of market response? To what extend can it be used to influence consumption
profiles?

• Is it possible to quantify the effects of a changed gate closure? Accuracies of forecasting methods
increase when the forecasting time decreases. It should be evaluated to what extend a delayed gate
closure can influence the need for imbalance settlement.

• It should be evaluated thoroughly what the effects of an imbalance market would be. It will give
market players more opportunities to trade electricity on a short term but it should be analysed to
understand to what extend it can stimulate the further integration of distributed generation in the
electricity supply system.

• It should be evaluated what the economic impact of a short-term energy market would be.

• This study focussed on the implementation ofdistributed generation in the Dutch market. However, it
should also be evaluated in a European context. In a European context the European Wind Integration
Study (EWIS) has been initiated by the the UCTE, the ETSO and their TSO members. EWIS focusses
on obstacles which are introduced by the further integration of wind power in Europe. The result of
this study could be integrated in the EWIS.

• Financial hedging could be used for limiting the costs for PRPs for imbalance settlement. Although
this method would not directly lead to a decrease of the amount of imbalance to settle, its effects
should be evaluated in depth.
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Chapter 8

Epilogue

From september 2005 until the submission of this document I worked on my graduation project for TenneT
TSO bv. TenneT TSO bv was interested in the effects of distributed generation on the system ofprogramme
responsibility.

In order to find answers to this question I had discussions with a number of people working in the sector
of the electricity supply system. Many of those people worked at TenneT TSO bv and they were always
prepared to give necessary information and data.

During this project I first did research into the current electricity market. An actor analysis was made in
order to better comprehend this rather complex market. Doing this research I mostly used already available
information in the company. I was able to meet many different people working in all different segments
of the electricity market. This enabled me to get information from different perspectives which was very
useful for the study.

A paper abstract has been written and approved for the Universities Power Engineering Conference 2006
on 6th - 8th September 2006 in Newcastle (United Kingdom). A full paper will be submitted by the end of
May. If the full paper is submitted the results from this study will be presented on the conference.

I hope the report has given the reader a clear view on some of the difficulties and possible solutions for the
electricity market caused by the introduction of distributed generation.
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Appendix A

Glossary

TenneT ~

APX
CBS
p,CHP
C02
DSO
DIe
E-programme
EISO
EU
EWEA
EWIS
GO
GR
GW
IEA
kV
kW
kWh
MC
MR
MW
MWh
MWe
NMa
NS
PR
PRP
PIU
PV
RES
RES-E

Amsterdam Power Exchange
Statistics Netherlands (Centraal Bureau voor de Statistiek)
Micro Combined Heat and Power
Carbondioxide
Distribution System Operator
Office of Energy Regulation (Directie Ioezicht Energie)
Electricity Programme
European Transmission System Operator
European Union
European Wind Energy Association
European Wind Integration Study
Grid Operator
Scenario 'Green revolution'
gigawatt (= 1 . 109 Watt)
International Energy Agency
kilovolt (= 1 .103 Volt)
kilowatt (= 1 . 103 Watt)
KilowattHour(= 3.6 .106 Joule)
Metering Company
Scenario 'Money rules'
Megawatt (= 1.106 Watt)
Megawatt Hour (= 3.6 .109 Joule)
Megawatt electric (= 3.6.109 Joule / second electrical power)
Netherlands Competition Authority (Nederlandse Mededingingsautoriteit)
Scenario 'New strongholds'
Programme Responsibility
Programme Responsible Party
Programme Time Unit (equivalent to 15 minutes)
Photovoltaic
Renewable Energy Sources
Renewable Energy Sources Electricity
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SOWlE
ST
TenneT
T-programme
TSO
TWh
UCTE
VPP
p,
(Jd

A. Glossary

HIRLAM based wind energy prediction model, used by several TSOs
Scenario 'Sustainable transition'
TenneT TSO bv (TSO of the Netherlands)
Transport Programme
Transmission System Operator
TerawattHour(= 3.6 .1012 Joule)
Union for the Co-ordination of Transmission of Electricity
Virtual Power Plant
Average
Standard deviation
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Appendix B

Quantities

B.l Electricity generation

Quantity Unit Value 2004 Value 2005 Source
Total electricity production NL TWb 102.1 CBS
Total electricity production NL central TWh 70.4 CBS
Total electricity production NL distributed TWb 31.7 CBS
Production Gas engine TWb 4.9 CBS
Production Steamturbine TWb 43.6 CBS
Production Steam and Gas TWh 40.9 CBS
Production Gasturbine TWh 6.7 CBS
Production Nuclear TWh 3.8 CBS
Production Other TWh 0.3 CBS
Production Water TWh 0.096 0.088 CBS
Production Wind TWb 1.9 2.0 CBS
Production Pbotovoltaic TWh 0.033 CBS

Netto import NL TWb 16.2 UCTE

Total consumption NL TWb 108.5(1), 110.8(2) CBS(l), UCTE(2)

B.2 Installed capacity

Type of generation Unit Value 2004 Value 2005 Source
Gas engine MWe 1592 CBS
Steam turbine MWe 9712 CBS
Steam and Gas MWe 7326 CBS
Gasturbine MWe 1194 CBS
Nuclear MWe 449 CBS
Water MWe 37 CBS
Wind MWe 1073(1). 1078(2) 1219(2) CBS(l), EWEA(2)

Pbotovoltaic MWe 50 CBS
Otber MWe 72 CBS
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B. Quantities

B.3 Number of installed plants

Type of generation Unit Value 2004 Value 2005 Source
Gas engine 3433 CBS
Steam turbine 76 CBS
Steam and Gas 60 CBS
Gasturbine 83 CBS
Nuclear I CBS
Water 6 CBS
Wind 1651 CBS
Photovoltaic CBS
Other 19 CBS

B.4 Electricity generation resources

Quantity Unit Value 2004 Source
Coal 1.10° kg 8822 CBS
Natural gas 1.106 m3 18214 CBS
Oil 1.106 kg 373 CBS
Other TJ 175030 CBS

B.S Cross border transport

Quantity Unit Value 2004 Source
Import
Germany to NL GWh 17357 UCTE
Belgium to NL GWh 4053 UCTE

Export
NL to Germany GWh 558 UCTE
NL to Belgium GWh 4623 UCTE

Netto total
Netto total import GWh 16219 UCTE

B.6 Trade

Quantity Unit Value 2004 Value 2005 Source
Total APX trade TWh 13.4 16.1 APX
Max price €/MWh 800.00 1000.12 APX
Min price €/MWh om 0.01 APX
Average price €/MWh 31.57 52.39 APX
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Appendix C

List of Programme Responsible Parties

Name Code EAN Entrance date
FuIJ license
Anode BY. ANODE 8712423009769 28-11-01
Barclays Bank PLC BARCLAYS 5050551000023 07-10-03
Bergen Energi Nederland BY. BERGENER 8712423012615 01-05-05
BP Energy Marketing BY. BEANERY 8712423009349 28-03-01
Centraal OYerijsselse Nutsbedrijyen NV COGASTRA 8712423009202 25-05-99
DELTA Energy B.Y. DELTALEV 8712423009233 25-05-99
E.On Benelux Energy BY. EBE 8712423009332 15-12-01
EDF Trailing Limited EDFTRADE 5060009531016 01-02-03
Electrabel Nederland Holding B. V. ELB 8712423009431 08-06-99
E1ectrabel Nederland NY. EPON 8712423009196 23-12-00
EnBW Benelux BY. ENBWBV 8712423009370 22-08-01
Endesa S.A. ENDESASA 8712423009318 22-03-00
ENECO Energy Trade BV EETPY 8712423009097 25-05-99
Energie Data Maatschappij BY. EDMIJ 8712423009745 02-11-01
Essent Energy Trading B.V. ENTRADE 8716868000008 25-05-99
EZH.E1ektra B. V. EEE 8712423009134 04-05-00
Iberdrola Generacion S.A. U. IBERDRO 8432536000049 17-02-03
Morgan Stanley Capital Group fMC. MORGANST 5060048340013 19-12-02
NY. NUON NUONENW 8712423009103 25-05-99
N. V. ONS Energie ONS 8716925000019 25-05-99
NY.RENDO RENDOLEY 8716911000009 25-05-99
NRE Encrgie BY. NRE 8712423009165 25-05-99
ONS CAl Schiedam B.V. PGEN 8716925000040 11-07-01
Oxxio Nederland by ECOMTWEE 87[2423012752 07-11-04
PVNEDBV PVNED 8714252005776 28-01-05
RWE Trading GmbH RWE 8712423009356 01-12-00
Shell Energy Trading Limited SHELLETL 87115330[9125 23-1 [-02
SPE SA SPE 5425010539909 24- [1-04
Statkraft Markets GmbH STATi'v1ARK. 4260017041014 2] -06-02
TenneT, Transmission System Operator BY. TENNETPV 8716867999976 29-12-00
Total Gas and Power Limited TOTFINEL 5031900000024 04-04-02
Trianel European Energy Trading GmbH TRIANELD 8712423009509 01-01-05
Westland Energie Services BY. WES 87[2423009110 25-05-99
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C. List of Programme Responsible parties

Name Code EAN Entrance date
Trade license
Aare-Tessin AG fr Elektrizitt ATELAG 7640109420014 27-02-03
APX B.Y. APX 8712423009172 25-05-99
Danske Commodities A/S DANSCOM 5790001270940 01-06-05
Elektrizitats-Gesellschaft Laufenburg AG ELGELAUF 7609999010118 05-03-04
International Marketmakers Combination Trading B.Y. IMC 8712423012721 17-03-04
J. Aron and Company JARONCO 5060041730002 01-03-02
Merill Lynch Commodities GmbH AXIA 5060029830014 13-10-01
ONS Facilitair bedrijfB.Y. SEMPRA 8716925000026 01-08-00
Trianel Energie B.Y. TRlANEL 8712423009189 01-11-05
Vattenfall AB VAB 8712423009219 01-12-04
Vattenfall Trading Services GmbH NORDICPH 8712423010086 17-11-01

This list has been created using data available on the website of TenneT TSO bv on April 13 th 2006 [42].
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EFFECTS OF ADDITIONAL INTEGRATION OF DISTRIBUTED
GENERATION ON THE ELECTRICITY MARKET

J. Frunt(1), w.L. Kling(1,2), I.M.A. Myrzik(l), F.A. Nobel(2)

(I) Technical University of Eindhoven, NL; (2) TenneT TSO B.Y., NL

Author's address: Department of Electrical Engineering, Technical University of Eindhoven, Den Dolech
2,5612 AZ, Eindhoven, The Netherlands, Email: j.frunt@student.tue.nl

Conference topic: 5. Future Power Networks
Preference for presentation: oral

EXTENDED ABSTRACT

Introduction

Due to growing environmental concern, distributed generation is implemented more and more in electricity
supply systems. This however introduces a number of problems. Many of these problems are technical.
Nevertheless, some of these difficulties are related to the structure and organization of the electricity market.
Currently the Dutch electricity market operates on a basis of programme responsibility (PR) which enables
market players to trade in an open market. [1] The transmission system operator (TSO) acknowledges
parties that can exercise PRo Each programme responsible party is obliged to set up an E- (Electricity)
programme that describes the trade between the different market players for each unit of time. The standard
Programme Time Unit at the moment is equivalent to 15 minutes. Every day the E-programmes have to
be reported to the TSO for the day ahead. The TSO checks whether the E-programmes are consistent
before approving them. Next to the E-programme, the programme responsible parties have to set up a T
programme that describes the need for transmission of energy over the transmission grid. Once reported,
all programme responsible parties should keep to their programmes. Any deviations can be adjusted with
the imbalance system which is operated by the TSO.

Transition in the electricity market

Up to now this system of PR works as required. Nevertheless there is a slow shift happening. Formerly
most generation took place in large power plants. Nowadays, more and more generation is done on a rel
atively small scale. This generation is situated near the consumer and is beyond the reach of trade and
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balancing. There are several causes for this transition which is displayed in figure D.l. Renewable genera
tion is stimulated. [2] Most renewable electricity in the Netherlands is generated in biomass power plants.
Furthermore, the amount of distributed generation is being expanded. This distributed generation mainly
consists of wind turbines, small combined heat and power (CHP) units and photovoltaic installations. With
j.lCHP it is possible to equip each dwelling with a microturbine or internal combustion engine that supplies
electricity and heat for the central heating system. Depending on the current load of the household, this
electricity can either be consumed on the location or be dispatched to the grid.

Figure D.l: Transition in the Dutch electricity market
[3]

Obstacles for the transition

In most cases the generation from distributed generation is rather unpredictable. The supply of wind and
solar energy is depending on the weather conditions whereas the supply by j.lCHP-units is depending on
other factors. Gas prices, electricity prices, weather conditions and consumer behaviour are all relevant
for this type of generation. This unpredictability of a large part of the Dutch electricity generation creates
problems for those parties in the electricity sector which are responsible for programming their business.

As a consequence, prograrrune responsible parties will be unable to create accurate E-programmes in that
circumstances. Maintaining the balance within their section of the grid will be increasingly difficult. More
imbalances will have to be settled by the TSO which makes the price of electricity more volatile. This
means that the market behaviour of the programme responsible parties will be influenced by the additional
introduction of distributed generation.

Several methods exist to limit the unpredictability of the electricity generation. Prediction methods for wind
power production are already being implemented and these systems are gaining reliability. In addition, the
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load and supply profiles of consumers and suppliers respectively, can be influenced with differentiated
prices. This method, which is called market response, reduces imbalance between supply and demand by
exploiting the possibilities of the open market. Finally, electricity storage could also be used to increase
the predictability of supply, by operating as a buffer and thus controlling the power output of a generator.
Nevertheless this technology is not fully developed yet.

Targets

The complete study describes the current situation in the Dutch electricity market. An analysis of the arising
problems for the different market players is given based on two energy scenarios which predict significant
use of renewable generation. Suggestions for solutions to these problems will be put forward which give
insight in possible future organisation structures of the electricity market.
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EFFECTS OF ADDITIONAL INTEGRATION OF DISTRIBUTED
GENERATION ON THE ELECTRICITY MARKET

J. Frunt(l), w.L. KJing(1,2) , J.M.A. Myrzik(l), F.A. Nobel(2)

(1) Eindhoven University ofTechnology, NL; (2) TenneT TSO B.Y., NL

ABSTRACT

Environmental concern leads to legislation to stimulate the further integration of renewable energy in the
Dutch electricity supply system. Distributed generation is suited for the integration of renewable energy
sources. Furthermore it can be used to generate both heat and electricity in a more efficient way using
j.LCHP. Unfortunately, the additional integration of distributed generation has some negative consequences
for the organisation of the electricity market. Programme responsible parties have to set up E-programmes
which describe trade amongst them. Due to the higher unpredictability and uncontrollability of distributed
generation, the E-programmes tend to be less accurate. This results in imbalance between supply and
demand of electricity which has to be settled by the transmission system operator. This leads to extra
costs for the programme responsible parties which could finally result in a drawback for the integration of
renewable energy sources. Therefore market based solutions have to be created.

INTRODUCTION

Due to environmental concerns and resulting international legislation on the emissions of greenhouse
gasses, the use of renewable energy sources is stimulated. Renewable energy sources are often used in
distributed electricity generation because of their relatively low energy density. Unfortunately, the further
integration of distributed generation (DG) in the electricity market causes a number of obstacles which
have to be tackled. Many of those issues are purely technical. Nevertheless some of them are related to the
market and the organisation of the electricity supply system. This paper discusses the problems, related to
imbalance settlement, which are induced by the unpredictability and uncontrollability ofDG.
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CURRENT ORGANISATION OF THE DUTCH ELECTRICITY MARKET

Since 1998, the Dutch electricity market operates on a basis of programme responsibility (PR) [1]. PR
enables the different market players who have been acknowledged by the transmission system operator
(TSO) as being a programme responsible party, to trade electricity in an open market. Several different
markets exist to trade electricity. Most power is traded via long term bilateral contracts. Approximately
12% of the electricity is traded via the Amsterdam Power Exchange (APX). This APX is a day-ahead
market which operates with a price bidding system.

All programme responsible parties have to send in E- (electricity) programmes which describe the trade of
electricity with other programme responsible parties. E-programmes are always set up for the day ahead
and cover a programme time unit (PTU) which is 15 minutes. The TSO verifies the E-programmes on
consistency before approving them. The production and demand for electricity should always be in balance
since electricity cannot yet be stored on a large scale. On the day of the realisation of the E-programme,
all programme responsible parties have to exchange electricity exactly as described in the E-programme.
Deviations result in imbalance in the system.

To determine the E-programmes, programme responsible parties use profiles to estimate small loads. These
profiles are based on historic data and external conditions. Large loads are taken into account via data
acquiring. Production of large facilities is known because of commitment of producers and production of
small facilities is estimated. Due to uncertainties in the load profile of consumers there is always a certain
imbalance in the electricity production system which has to be settled.

TenneT TSO bv, being the transmission system operator of the Netherlands, operates an imbalance set
tlement system to keep the balance of production and demand within the Netherlands. The imbalance
settlement system works on a basis of a price ladder bidding system. All producers of electricity can make
biddings for control capacity. Both for positive and negative imbalance, a price ladder exists. If control
capacity is required, first the least expensive biddings are deployed. Consequently, if more imbalance is to
be settled, imbalance costs will be higher. All producers receive the price of the highest deployed bidder.
This system proves to be very efficient. Programme responsible parties try to minimise costs by minimis
ing imbalance to be settled. Figure E.l shows the price difference between imbalance settlement costs and
APX prices versus the amount of imbalance. The grey dots represent data in the year 2005. The solid line
is the third order fit through this data whereas the line with the dots gives a histogram of the data.

The figure leads to the following conclusions:

• Higher imbalance results in higher costs per MWh.

• Costs for positive imbalance (short) are higher than for negative imbalance (long).

• There is more negative imbalance (long) than positive imbalance (short). This is caused by the higher
costs for positive imbalance.

• Most imbalance is approximately zero. Programme responsible parties try to minimise imbalance
which is the main target of the system.

A second method to visualise the deployment of control capacity is the control capacity duration curve.
This curve shows the total time in hours per year in which a specific amount of control capacity is being
deployed. For the year 2003,2004 and 2005 the control capacity duration curves are displayed in figure E.2.
The vertical axis of this figure corresponds with the deployed control capacity whereas the horizontal axis
corresponds with the total number of hours per year that a certain amount of control capacity is deployed.

Both for positive and negative imbalance there is a need for deployment of control capacity. Most of the
time there is only very little need for control capacity. Only very little time there is a high imbalance to be
settled. The distribution of the deployment of control capacity can be assumed to be Gaussic. The standard
deviation of this distribution corresponds with a degree of uncertainty in the balance between production
and consumption of electricity.
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Figure E.l: Imbalance settlement costs in 2005
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Figure E.2: Deployment of control capacity in 2003, 2004 and 2005

TRANSITION

Due to environmental concerns and legislative measures it is expected that the share of renewable gen
eration will increase in the coming years. Many of the existing renewable generators are also distributed
generators because of the low energy density.

Scenarios

To estimate the share of DG in the future, two scenarios have been created. Both scenarios describe a
situation in the year 2030. They are based on existing scenarios from TenneT TSO bv [2] and they can be
used as a point of departure.

The 'sustainable transition' (ST) scenario predicts a significant increase in the share of renewable gener
ation in the electricity supply system. The renewable electricity generation consists of large centralised
biomass combustion plants and wind farms.

The 'green revolution' (GR) scenario predicts many small scale renewable generators. Wind farms are
mainly located offshore and almost every household is equipped with a t-tCHP unit for production of both
heat and electricity.

The increase of distributed generation in the scenarios is visualised in the following table. (E. 1) The values
are percentages of the electricity supply.
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Table E.!: RES in the electricity supply system

2005 Scenario ST Scenario GR
Biomass 4% 8% 8%
Hydro 0% 0% 0%
p,CHP 3% 0% 15%
Photovoltaic !% 0% 4%
Wind 4% 19% 7%

OBSTACLES FOR THE TRANSITION

Both scenarios show an increase in the use of renewable energy sources for electricity generation. Unfor
tunately, the output of many of the distributed generators is poorly predictable and not fully controllable.

Poorly predictable means that the power output of a generator cannot be estimated accurately in advance.
Unpredictability is often caused by the dependency of the generators' power output on weather conditions.
For wind and photovoltaic energy, prediction methods are being developed that use meteorological mea
surements and statistical data to derive the probable power output of a generator. However, the results of
these methods are still rather poor. For p,CHP it will be even more difficult to estimate the power output
in advance since this depends on a great number of factors. One could imagine that electricity price, gas
price, weather conditions, the existence of any imbalance in the electricity supply system and consumer
behaviour could all be of influence.

Uncontrollability of the generators means that for many distributed generators, the power output is depend
ing on external factors as weather conditions. This means that the power output cannot be regulated as it
can be in conventional power plants.

The transition in the electricity supply system from a system with mainly centralised and controllable power
generation towards a system with a high degree of DG can be visualised in the figures below. (Fig. E.3)

The upper figure (a) shows the current organisation in which primary energy is converted into electricity.
This electricity, together with imported electricity, can be traded with the consumer or exported. 00 another
level, systems exist for balancing. Both trade and balancing are interlinked with the systems of production,
transport and consumption of electricity. This connection enables balancing and trade.

However, the introduction of DG which is demonstrated in the lower figure (b) results in the addition of
a second block of production which is located near the consumer. In this block, primary sources (these
can either be renewable or fossil) are converted into electricity. However, in contrast to the other produc
tion block, this block is not linked with the trade and balancing systems because of the uncontrollability,
unpredictability and the close location of many distributed generators to the consumption.

Obstacles for programme responsible parties

The unpredictability and uncontrollability which result in a missing link between production, trade and
balancing causes obstacles for the programme responsible parties. As described earlier in this paper, all
programme responsible parties are obliged to send in an E-programme which describes trade with other
parties. Errors in these E-programmes result in imbalance which must be settled. Since distributed gener
ators have a higher unpredictability of their production of electricity, creating an accurate E-programme
will be more difficult. More and larger imbalances will occur if there is additional DG. Inaccurate E
programmes are only a first step in a chain of problems which are all caused by the unpredictability of
distributed generators. Considering the conclusions from figure 1, this problem results in higher imbalance
settlement costs, volatile electricity prices and may finally be a hold on the further integration of DG.

Data from the scenarios was used to visualise the expected need for imbalance settlement power. For each
distributed generator, a certain degree of unpredictability was estimated. Together with the fraction of each
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a

b

Figure E.3: Transition in the organisation structure of the Dutch electricity market [3]

distributed generator in the production portfolio this resulted in a value for the unpredictability of the
total production. Considering the assumption that the distribution for the scenarios is Gaussic, the standard
deviations could be derived, resulting in the control capacity duration curves for both scenarios. (Fig. E.4)
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Figure E.4: Control capacity duration curve for the scenarios

It can be concluded from the graphs that the need for control capacity in future will be much higher
according to both scenarios. With an unchanged market organisation this will lead to higher costs for
programme responsible parties.

An overview of the chain of problems for programme responsible parties is given in figure E.5. All the
obstacles are mentioned in the circles whereas the solutions are given on the right side of the figure.
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Figure E.5: Chain of problems for programme responsible parties

SOLUTIONS

Gate closure

The accuracy of forecasting methods for DG is related to the moment of forecasting. If this time span
decreases, the accuracy of the forecast will increase. In the Netherlands, changes in the E-programme are
allowed but only bilateral and only for free for a limited number of times per year. This causes that changes
in the E-programme will be avoided whenever possible, thus resulting in imbalance. By delaying the gate
closure, which is the deadline for sending the E-programme, a higher accuracy can be realised. This higher
accuracy results in smaller and fewer imbalances and consequently to lower imbalance settlement costs.
j.LCHP units may change consumption profiles of consumers. Depending on the strategy of j.LCHP deploy
ment and the related switching procedures, electricity production by j.LCHP units can be very unpredictable
and fast changing. The benefit of delaying the gate closure depends on the new deadline. The current dead
line of l2.00h on the day ahead is selected because time is required to validate the E-programmes and to
give the grid operators the opportunity to avoid congestion with redispatch.

Market response

Programme responsible parties work with profiles to estimate the electricity consumption of consumers in
advance. In this way, E-programmes can be set up very accurate. Market response focusses on controlling
the consumption profiles ofconsumers. Several options exist to realise this concept. The reason to influence
the profile is to make the demand meet the supply ofelectricity instead ofvice versa. If demand ofelectricity
could be steered, fluctuations in the yield of DG can be levelled out thus decreasing the need for imbalance
settlement. Finally this leads to lower imbalance settlement costs and more profitable conditions for further
implementation of DG.

lnfluencing the demand of electricity can be done in different ways. With price stimuli, the consumption
pattern of the consumer may be influenced. Intelligent meters have the property to enable price differenti
ation. This means that electricity can have different prices at different times. Depending on the balance of
supply and demand (market) a price for the consumer can be set. Already price differentiation is possible
up to a certain level. Day and night tariffs already exist in the Netherlands and in France there is a system
with six tariffs. A second property of the intelligent meters is the ability to give the consumer detailed in
formation about his consumption pattern and the resulting costs. Controlling consumer behaviour by giving
feedback is a proven concept which is already used in many applications [4]. Nevertheless it is questionable
if controlling electricity consumption by giving feedback works since electricity is a complementary good.
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This means that consumers often do not bother about using electricity [5]. They want comfort and the con
sumption of electricity is implied by this need. Influencing consumers on the use of complementary goods
is very difficult because it requires a change in the need for comfort. Nevertheless, the different tariffs in
France appear to influence consumption profiles. It is therefore expected that larger price differences have
more influence on consumer behaviour. A second way to use market response to control the power con
sumption is to use the property of intelligent meters to force consumers to limit their electricity use. Lower
tariffs should make this kind of market response interesting for the consumers. However, with limiting the
maximum pass through capacity, announcements are required. Market response could therefore solve part
of the imbalance problems for the programme responsible parties. However, market response is not useful
for very short term influencing of the consumption profiles since consumers will have to be informed about
prices and limitations in advance.

Intra-day market

Any imbalance in the system is to be settled by either a programme responsible party or by the TSO. If
possible, the programme responsible party will settle the imbalance in order to reduce costs. However, if
imbalance is created because of shortage in for example wind energy production it is not always possible
to repair this. In these cases imbalance can be settled by the TSO. In order to do so, the TSO uses the
imbalance settlement system. Sometimes there is simultaneously both positive and negative imbalance for
different programme responsible parties resulting in unnecessary high imbalance settlement costs. A new
separate market for imbalance settlement could solve this problem. This imbalance market should be a very
short term market next to the existing imbalance settlement system. On the imbalance market it should be
possible for programme responsible parties to trade electricity for the next few PTUs. This would enable
them to respond to the results of forecasting methods which increase in accuracy as the forecasting time
decreases. A very short term market even makes it possible for programme responsible parties to react
on the production from renewables by adjusting the power output of t-tCHP units in any way, directly
or indirectly using price stimuli. An intra-day imbalance market would create extra opportunities for the
further integration of DG in the Dutch electricity system because it helps tackling some of the problems
that rise for the programme responsible parties. The imbalance market could decrease imbalance settlement
costs. However, it should be regarded as an addition to the current imbalance settlement system which is
operated by the TSO. Opposite to the APX market which works with biddings on an hourly base, an
imbalance market should work on a basis of one PTU. With the creation of a short term imbalance market,
the electricity market will behave more like a conventional market since prices can directly change due to
occurrences in the market. Greater flexibility is created which creates opportunities for the owners of DG.

CONCLUSIONS

This paper discussed the effects of additional integration of distributed generators in the Dutch electricity
market. DG is often based on renewable energy sources which have low predictability and controllability.
This causes more imbalances between production and demand of electricity which has to be settled by the
TSO. Finally this results in higher costs for programme responsible parties which could be a drawback for
the further

integration of renewable energy in the electricity supply system. Some changes in the market could form
a solution to this problem. A delayed gate closure creates better opportunities to create more accurate E
programmes. Market response could be an option to balance supply and demand by influencing consump
tion profiles. A third option is to create an intra-day market. This short term market enables the optimal use
of prediction methods for distributed generators which finally leads to fewer imbalances to be settled.
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Appendix F

Profile for j.LCHP electricity production
in dwellings

The power factor of j1.CHP units is related to time. This is demonstrated with equation F.l.

1 - cos(2 . 7r . ...L . t)
PF(t) = 12

2
with 't' being time in hours (F.l)

This results in the following graph. (Fig. F.l)
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Imbalance settlement costs
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