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Summary

Considering the importance of security of eledyisiupply, its dependence on balancing
market functioning, and the unknown effects ofititeoduction of distributed generation
(DG) on a large scale, the following main reseajalstion is answered in this thesis
report: Which balancing market design will have a high gpienal performance for a
large-scale penetration of distributed generatianhauseholds in the Dutch electricity
system?

The first step taken is the description of the enrrDutch balancing market design and
its current operational performance. This designssis of three main instruments:
Programme Responsibility, the single-buyer marketRegulating and Reserve Power
(RRP) and imbalance settlement. Programmer Redplitysirequires Programme
Responsible Parties (PRPs) to submit Energy Pragesio the Dutch TSO TenneT, in
which they specify how much electricity will be @gted into or withdrawn from the
public grid through the grid connections for whittey have taken up responsibility.
Deviations from these planned volumes, called iaubeds, are settled between TenneT
and the PRPs against the imbalance price. The anbalprice follows from the single-
buyer market for RRP, on which large market partiasst offer available RRP, and
which TenneT operates to solve system imbalancésa@icular importance to this
research is that actual volumes of PRPs are detednby means of the Allocation
process. For households, consumption is allocataddans of profiles, which substitutes
continuous metering used for larger consumers andiugers.

Secondly, requirements which the Dutch balancirmgket must meet are listed.
These are complemented with requirements concethmgechnical effects of DG and
the introduction of smart meters posed to a futleeentralized system. From these, a set
of performance criteria are formulated.

Third, a thorough qualitative scenario analysipasformed. In this analysis, four
scenarios are examined, all of which assume twbomiDutch households to install a 1
kWe DG unit each. Scenario A considers PV penetratsmenario B heat-led micro-
CHP, scenario C electricity-led micro-CHP, and seenD micro-CHP operated by the
electricity supplier. Furthermore, two extreme adltbon methods are studied: allocation
by means of profiles and allocation by means ofrsmmetering. The results show that
scenario A has a negative net effect on the opeati performance of the Dutch
balancing market, while the micro-CHP scenariosehavzero to positive net effect.
Scenario D has the largest positive effect. Allmraby metering always leads to a better
result than allocation by profiling.

Fourth, from the analysis and literature six desigtions are identified that aim
to anticipate and improve the operational perforceanf the Dutch balancing market
design in a system with a lot of domestic DG. Thasethe postponement of gate closure
time, the adjustment of the profile methodologye tembedding of smart metering
provisions, the alteration of requirements for tdffering of RRP, the reduction of the
PTU length, and decentralized balancing control.

Fifth, an improved balancing market design is @dabn the basis of the
estimated effects of the different design optidhs found thathe implementation of the
adjustment of the profile methodology and the erdiegl of smart metering provisions



will be useful in any case. The usefulness of ttheooptions have been found to depend
mainly on the DG portfolio emerging (postponemeithe gate closure time; alteration
of RRP requirements), the nature of the technitfects of domestic DG development
(decentralized balancing control), and the managgabf large metering data flows
(reduction of the PTU length).

By means of the conduction of the steps descrilbedey the main research question is
answered. The current balancing market design palda of maintaining a sufficient
operational performance level in case of largeescdbmestic DG development,
especially with respect to micro-CHP. This reduttesneed and urgency for adaptation
of the balancing market design. However, the cceatgroved balancing market design
can still improve the operational performance @f Butch balancing market.

The implementation of the adjustment of the prafilethodology and embedding
of smart metering provisions will be useful in abg scenario and allocation method.
Therefore, it is recommended that these two degmions are implemented whenever
possible. Later on, when the emerging domestic D@&fgio has become more certain,
the postponement of the gate closure time andfalieration of RRP requirements can
be implemented. After that, the reduction of theUP[Ength should be implemented
whenever experience with smart metering provesritaeageability of large data flows,
and decentralized balancing control should be implged whenever the adverse effects
of a high DG penetration level have become proVdrs way, design options will only
be implemented when they are sure to improve tleeadipnal performance of the Dutch
balancing market at acceptable costs. This apprzaehabled by the suitability of the
current balancing market design even in a decergdhklectricity system.
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1. Research problem

1.1 Background

The supply of electricity has become a normal, -eeiflent, utility service for
households, companies and industries alike, theitapce of which is clearly revealed
when an outage occurs. But although electricityb&@ng supplied almost without
interruption to all consumers, the system respdasitor electricity generation,
transmission and distribution is rather complicated

Electricity is provided to consumers by an eledyicsystem: electricity
generators produce electricity, which is transmbriéa a high-voltage transmission
network and low-voltage distribution network toatecity consumers. System reliability
is difficult to maintain because electricity cant i@ stored in an efficient way. As an
effect, the total electricity demand and the tat&ctricity supply have to be balanced
anew at each point in time. A shortage of productieads to outages, a surplus of
production leads to system overload and trippingafer plants.

In the Netherlands, the balance of the electrisjggtem is maintained by the Dutch
Transmission System Operator (TSO), TenneT. Iileh electricity system there exist
three (administrative) instruments that togethemfahe Dutch mechanism for the
restoration of system imbalances: Programme Regplitys the single-buyer market for
Regulating and Reserve Power (RRP), and the imbalsettiement (TenneT 2005). The
combination of these three instruments is ofterrretl to as the 'balancing market',
although it has more of a mechanism than a ma#either provision that characterizes
the Dutch electricity market is one that is conaddb its liberalized state: the existence
of independent grid operators & non-discriminatgryl access.

The Dutch balancing market design is relativelyyné has been in existence
since the liberalization of the Dutch electricityarket, which started in 1998 with the
opening of the market for large electricity consusrend ended in 2004 with the opening
of the market for small consumers. Although theabeaing market design currently
functions well, it remains the question if it caope with large developments in the
electricity sector. One future development thageserally considered to arise, and is
broadly researched, is that of distributed genenatbG).

Distributed generation can generally be definetlsasll-scale power generation
plants, connected to the distribution network cthatcustomer side of the network” (Ten
Donkelaar 2004, p. 323). For the purpose of thegaech, the definition of DG will read
"small-scale power generation at households, cdufgehe low-voltage grid", which is
an important subset of the broader definition. &#ht distributed generation
technologies with different characteristics existn@d turbines, photovoltaic (PV) cells,
micro-CHP, geothermal power, small hydro power), BV cells and micro-CHP have
the largest potential for residential application.

This research aims to investigate in what way #larxing market design will respond to
a large-scale penetration of distributed generatidhe Dutch electricity system.



Investigation of the relation between the functranof the balancing market design and
the growing integration of distributed generatiomoithe Dutch electricity system will
also shed light on how market conditions and systeatancing provisions can
accommodate for the large-scale introduction of iD@ower systems with liberalized
electricity markets.

1.2 Research introduction

In short, the balancing market design is arrangedl @perated in the following way.
Following the EU Directive 2003/54/EG, The Dutcheéticity Act 1998 has
implemented the free market conditions of indepahdgrid operators & non-
discriminatory grid access (European Union 2003idry of Economic Affairs 2007).
The Act also lays down the concept of Programmep&esbility, according to which
connected parties are obliged to submit Transpagises and Energy Programmes to
TenneT. Such parties are therefore called PrograResponsible Parties (PRPs). The
Grid Code, which has been set up by DTe in follgvoi the Electricity Act, requires
connected parties to offer available Regulating Reserve Power (RRP) to TenneT
(DTe 2006a). Every Programme Time Unit (PTU), whishl5 minutes long, TenneT
matches system supply and demand by 'calling’ Ri#?ed by PRPs to resolve the
imbalance. On the market for RRP, all bids are ednky price on a bid price ladder,
from which the imbalance prices are derived andgddipaid to the relevant PRPs.

The current balancing market design appears to satisfactorily: emergency
power, which is only deployed when the balancingk®tcan not cope with the system
imbalance, had to be deployed during 165 PTUs B224nhd during 163 PTUs in 2003.
This is 0.47% of the time. In all the cases it @ned positive emergency power,
meaning that only electricity shortages occurre@i€2004).

The large-scale introduction of DG into the Dutdbcticity system is likely to have
effect on the functioning of balancing market dasitm this research, the focus lies on
DG units at households because of the potentiaflyel impact of these units. After all,
there are over seven million households in the &l&dhds (CBS website), and residential
consumers with DG units installed at their houséksoltain an extra role of electricity
producer. Even if we looked at this developmenty auperficially, it would already
become evident that potential consequences fdvdlancing market are large.

Considering the different elements of the balanangrket, it will be more
difficult for PRPs to accurately predict productiand demand in their programmes when
DG has penetrated at households, leading to aegreaed for RRP. Another negative
consequence could be that most DG units at househall not meet the requirements
for RRP, but on the other hand controllable DG sunduld supply electricity to the grid
when needed (made possible by intelligent switcived advanced control systems).
Further, imbalance settlement with residential Dé@ers will probably be much more
difficult. To settle balancing costs with theseidestial DG owners, either more fitting
consumption profiles are needed, or meters hawe timstalled inside their houses. But
fitting profiles will be hard to form, and metersdathe resulting data traffic bring about
extra costs and complexity.



Although the balancing market design has been wgrladequately in its years of
operation, it can thus be expected that the pedooa of this design will be affected by
the large-scale penetration of distributed genemnadt households in the Netherlands. The
nature of the effects is unclear, however, bec#useot certain in what form distributed
generation will develop in the first place. Alsb,d unclear what the effects are of the
large-scale DG penetration on the technical andn@wical performance of the
electricity system, and how the market will respdodthis development. Therefore,
suggestions for improvement of the balancing madlksign, so that it can cope with DG,
can not be readily specified either. This posspals high threats on Dutch economy and
society, which heavily rely on continuous electsicsupply, and the balancing market
design that makes this possible.

1.3 Problem statement

The balancing market design consists of the batgnoarket instruments Programme
Responsibility, the single-buyer market for Reguolat and Reserve Power, and
imbalance settlement. Besides, the Dutch judiciamework with the condition of
independent grid operators & non-discriminatorydgaccess is closely connected to the
balancing market design. It is expected this desidjrbe affected by the development of
distributed generation at households in the Nedneld, but it unknown to what extent
and in what way.

The main issue following from the problem descdptiis the search for a
balancing market design that has a high operatipegbrmance in a Dutch electricity
system with a high level of distributed generatetnhouseholds. It is the operational
performance that is of interest: the Dutch balagcimarket design should effectuate the
resolution of system imbalances in an efficient afidctive way, a short-term view.

Also, it is interesting to find out what remedies adaptations to the current
Market Design could mitigate or even prevent pdssitegative effects of the DG
development, or further improve market functionifnally, the way these adaptations
should be implemented is of interest.



Themain research questions:
Which balancing market design will have a high epienal performance for a large-
scale penetration of distributed generation at hrehds in the Dutch electricity system?

The main research question is divided into thefaihg sub questions

1. What is the current state of the balancing markstgh in the Dutch electricity
system?

2. Which requirements are posed to the balancing mddsgn, and in what way
will these requirements change if a large-scalef@@etration emerges at Dutch
households?

3. In what way will large-scale penetration of distriéd generation at households
affect the balancing market design performance?

4. Which design options exist for a balancing marlestign in a decentralized
system?

5. What balancing market design would best improveatpmmal performance, and
how should that design be implemented?

1.4 Research structure

1.4.1 Research scope

The research questions formulated above limit topes to a large extent. This report has
taken the subject of the Dutch balancing markeigded his means that the real Dutch
electricity markets (the APX day-ahead market,ititiaday market, the bilateral market,

the import capacity auction) are not considered #&myher than as parts of the

environment of the balancing market. Furthermooeeifjn electricity markets and the

interconnection and trade with other countriesratetaken into account either.

Then, by taking the subject of the balancing miartkee attention of this research
will also be directed to the system service oftibkancing of system supply and demand.
This means that other system services, transpovices and grid operation are only
considered when the system balancing functionvislued.

Furthermore, as has become clear from the probtatersent, the focus of the
research will be on effects of DG penetration atdetolds, by which wind power, small
hydropower and CHP-plants are implicitly excludédr the analysis of these effects,
some simple DG scenarios will be used, which areele from literature.

Finally, considering the effects of DG on balancmgrket functioning, attention
will be directed toward the operational performamafethe Dutch balancing market
design. This way, the research will investigateabdity of the balancing market design
to resolve system imbalances in an efficient arfielcée way, while neglecting longer-
term effects on e.g. investment decisions of mapketies.



1.4.2 Research model

The research is structured and conducted in a nuoflsteps, each of which contribute
to the answering of one or more sub question, sb ith the end the main research
guestion can be answered. This is representec iredearch model in

Figure 1. First, the Dutch balancing market desighbe described (sub question 1). By
this, balancing market design variables are idedtif Second, the balancing market
design requirements will be formulated based os tldscription (sub question 2) from
which performance criteria will be deduced. Thisde to the set-up of some DG
scenarios in the next step, which will be usednalyze the effects of large-scale DG
penetration at Dutch households on the operatipadbrmance of the balancing market
(sub question 3). Then, a set of design optionafoew Dutch balancing market design
anticipating DG penetration is formed (sub ques#dnFor this, a short look is taken at
balancing market designs in other countries. Nart,improved balancing market is
formulated from the set of design options. This iowed balancing market design is
expected to have a high operational performan@esystem where DG has penetrated at
Dutch households on a large scale. To realize ribis balancing market design, an
implementation plan is set up (sub question 5)aliirthen, the main research question is
answered and recommendations for the improvemernthefDutch balancing market
design across time are given.
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market design

!

Balancing

Design variables

Analysis results Improved
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(valued effects for
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Figure 1: Research model

1.4.3 Research method

The research steps are intended to be executdx ifofowing way. The description of
the balancing market design will be made after shelying of documents about the
Dutch balancing market structure and functioningsoA balancing market design
variables will be identified. After that, balancimgarket design requirements will be
derived from the description. From those requiretsiea set of performance criteria is
formed, against which the operational performarfade Dutch balancing market will be
valuated in a scenario analysis. For this analyse distinct and realistic distributed
generation scenarios will be formed on the basiktefature. Then the analysis will be
carried out by making qualitative estimates of #féects of the scenarios on the
operational performance. The main analysis resarksthe net effects of the different
scenarios on the operational performance of thencalg market.



Next, an overview of the design variables idendifgarlier is given. From that, six design
options with a potential to improve the balancingrket design are derived. These
design options are further grounded and descrigaddans of a comparison with foreign
balancing markets, the use of an infrastructureriheand the use of the analysis results.
Then, an improved balancing market will be formgddonsidering the effects of the
different design options on the performance of Bhtch balancing market in different
DG scenarios. For this improved balancing marksigie an implementation plan will
be set up. This, in combination with the analysisuits, will enable the formulation of
recommendations considering the Dutch balancindetar

The research has been conducted at TenneT TSOTRBI¥ has given the author
the opportunity to, next to the independent stuldyatancing market documents and DG
literature, ask detailed questions about the batlgmmarket to TenneT employees. Also,
the contact with TenneT, in particular the supeovidy drs. F.A. Nobel, has enabled the
author to attend several B’con expert meetings aldlocation and reconciliation,
conduct an interview with people from Eneco abtet wse of profiles, and to go to the
final seminar about the European DG-GRID and ELE#epts.

Finally, the author thinks that the main resear@thod chosen for the valuation of the
effect of large-scale domestic DG penetration an dperational performance, i.e. the
gualitative scenario analysis, is a good choicee Timited time and means in

combination with the complexity of the subject exi#s the possibility of a quantitative
analysis. The use of a technical model to simullagenetwork effects of different DG

scenarios will only shed light on a part of thetsys investigated in this research.
Finally, the consultation of experts for the estima of the effects is hard to execute,
because not much people have a complete overvigiveobutch balancing market and
sufficient knowledge about the (future) technicsdtiires of distributed generation and
smart metering facilities.

1.4.4 Report structure

The structure of this report follows the researobdel, and is therefore based on the
order of the sub questions as well. Each chapkexsta next step in the process towards
answering the main research question; the Chaptdi$ 6 serve to answer the sub
guestions 1 to 5.

In chapter 2, the balancing market design will lesadibed. To this extent, the Dutch
electricity system will be considered first, indicg the position and the composition of
the balancing market design in this system. Thea,three elements of the balancing
market design are discussed consecutively, whisb &ads to the identification of
balancing market design variables.

Chapter 3 serves to bring down the requiremerds llave to be met by the
balancing market design of the Netherlands to ateheet of performance criteria. Also,
the system boundaries of the system to be anabmedrawn.



Next, in Chapter 4 the analysis of balancing miadesign performance for a
large-scale DG penetration at Dutch household®isidered. To this extent, four DG
scenarios are formulated, and two extreme allocatiethods are introduced. The effects
of domestic DG development are analyzed by valgative performance criteria from
Chapter 3 for each scenario and allocation method.

In Chapter 5, six design options for the Dutchabhaing market design are derived
from a list of design variables. These design o®ipotentially improve the operational
performance of this market design for a large-sBdlepenetration, and are described in
relation to the analysis results, literature, arstiuay of foreign balancing markets.

Then, in Chapter 6, the six design options are @etin terms of effects and
suitability for a decentralized Dutch electricitysgem. Based on that, an improved
balancing market that anticipates a high domes@c @2netration level will be created.
Next, an implementation plan is set up for thisiayed balancing market design.

Finally, in Chapter 7 recommendations for the impatation of an improved
balancing market design are given, the conclusioinshe research are presented, a
reflection on the research is given, and suggesfionfurther research are made.

1.4.5 Literature review

For the description of the Dutch balancing marketscientific literature has been found.
The description is based on several documents TrenmeT (Nobel 2004; TenneT 2003,
TenneT 2005; TenneT 2006; Wenting 2002) and orsl@gonal and other documents
from energy regulator DTe (DTe 2004; DTe 2005a; X95b; DTe 2006a; DTe
2006b). The requirements largely follow from thensasources. Information about the
Allocation process and the profile methodology hesn found in PVE (2002) and PVE
(2003).

For the scenario analysis, a lot of literature basn consulted about distributed
generation in general (Borbely and Kreider 2001a@hers et al. 2001; Jenkins et al.
2000; Pecas Lopes 2006), about PV in specific (§epgt al. 2000; Denholm and
Margolis 2006; Paatero and Lund 2006; Yogi Goswa@tl3), and about micro-CHP in
specific (Hawkes and Leach 2005; Peacock and Newigbr 2006; Pehnt et al. 2006).
Regarding information about the consumption pasteai Dutch households, the
consumption profiles of Ecofys (2001) has beennaks a basis. The different smart
metering and profiling options are based on Choudhaod Andrews (2002).

Concerning the discussion of possible balancingketadesign options, some
information has been found on foreign balancingket (ELEXON 2004; ETSO 2006;
Glachant and Saguan 2007; Morthorst et al. 200U, fot much. The formation of
design options and an improved design for the Dbilancing market is again mainly
based on the mentioned Dutch balancing market dentsn although the coherence
theory of Finger et al. (2005) provides an intengstviewpoint for forming and
evaluating designs.



2. The balancing market design of the Netherlands

The first step in the process of finding an ansteethe main research question given in
Chapter 1 is to gather knowledge about the curstate of the Dutch balancing market
design (sub question 1).

First, a general description of the Dutch balanangrket design is given in
paragraph 2.1, along with a short introduction tsf position in the Dutch electricity
system. The three instruments of which the balancarket consists are introduced.
Then, each of the three instruments of the balgneiarket are described in more detail
in the next paragraphs: Programme Responsibilitparagraph 2.2, the single-buyer
market for Regulating and Reserve Power in pardgfaB, and imbalance settlement in
paragraph 2.4. Finally, the current operationalfquarance of the Dutch electricity
system is discussed in paragraph 2.5. In parad@tdpto 2.4, important balancing market
design variables will be identified. These will beed in Chapter 5 to derive design
options that can be used to create an improvedtialg market design that anticipates
the large-scale development of distributed genamati

2.1 The Dutch balancing market design

In this paragraph, the Dutch balancing market dessgintroduced, and described in

headlines. In 2.1.1, the position and structurthefbalancing market are indicated. Then
in 2.1.2, the Dutch balancing market design isoehiced. After that, 2.1.3 handles the
condition of independent grid operators & non-dieanatory grid access. This condition

is of importance for the Dutch balancing marketigleswhich is based on a free and
competitive electricity market design. The last sdtion 2.1.4 gives some definitions
that are needed to describe the three instruménkse dalancing market design in more
detail in the next three paragraphs.

2.1.1 Position and structure of the Dutch balancingnarket

In this subsection, it is shortly indicated how thietch balancing market is positioned in
the Dutch electricity system, what are the releaators in the balancing market design,
what is the relevant regulatory regime, and how ket design is related to the
condition of independent grid operators & non-dieanatory grid access. For a more
extensive description of all these aspects, seerajpp A.

The Dutch electricity system is defined in thise@sh proposal as the system that
comprises the generation, transmission, distribuéiod supply of electricity within the
borders of the Netherlands, including the inter@mtion capacity available for electricity
import and export. The Dutch electricity system barviewed upon as having a physical
layer and an economic layer (see Figure 2).

The physical layer consists of the Dutch electyigéneration units (operated by
electricity producers), the Dutch transmission retw(operated by TenneT), Dutch
distribution networks (operated by DSOs), and alitdh electricity consumers.
Electricity producers generate electricity, which first fed into the high-voltage
transmission grid. This transmission grid is owrsedl operated by TenneT, who is



therefore called the Dutch Transmission System &pel(TSO). The transmission grid

interconnects the large and central power plantstla@ distribution networks throughout
the Netherlands, and therefore has a high transppdcity. Subsequently, the electricity
flows through the distribution grids to reach thectricity consumers. These distribution
networks are owned and operated by regional griekaiprs, or Distribution System

Operators (DSOs).

The economic layer contains the arrangements émtratity trade. For the Dutch
electricity system, these consist of a spot markddilateral market, a balancing market
(which is actually a mechanism), and an import capauction. Together, these markets
form the overarching ‘Dutch electricity market'.
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Figure 2: Demarcation of the Dutch electricity systm (L.J. de Vries 2006, TPM, TU Delft)

For the restoration of imbalances in the Dutchtelgty system, TenneT operates the so-
called balancing market. Because the balancing @ebaokly solves the imbalance
resulting from deviations from planned amounts @fdoiction and delivery, and market
parties do their best to avoid the high imbalaresis; the balancing market normally has
to deal with a relatively small amount of electyci The proportion of electricity
transport that is handled by the balancing masketirrently 1.5-3.5 %.

Considering the relevant actor network for the bubalancing market design
(see Figure 3), the electricity producers, Tennefjional grid operators, electricity
suppliers and electricity consumers can be seesctss part of the electricity supply
chain, if one takes the physical delivery of eliedly as a starting point. Additionally,
traders trade electricity in the market and MetpfResponsible Parties do the metering,
both of which can also be considered part of tHeevahain. Programme Responsible
Parties exist by provision for these in the DutdbcEicity Act 1998, and have a central
and crucial role in the Dutch balancing market. D the Dutch regulatory authority for
energy; the ministry of Economic Affairs is theaehnt ministry. This Ministry has to
take European regulation into account from the geam Union. Finally, ETSO and
UCTE are two European organizations for the coattm of European electricity
systems, the first more directing to the marketsthe second to the infrastructures.



The European Directive 2003/54/EG has been institatized in the Netherlands with
the creation of the Dutch Electricity Act 1998. idk¢ 31 of this Act requires that the grid
operators together make a proposal to the boardnafiagement of the regulating
authority for the conditions they will wield witregspect to a number of technical and
procedural issues (Ministry of Economic Affairs Z00In response, the Grid Code,
System Code, the Metering Code and the Informaflode have been formulated (see
Figure 4). The first two are the most importantsrtbe Grid Code describes the way in
which grid operators should operate their nets, tardSystem Code describes how they
should deliver system services. The Tariff Codseisup in response to article 36 of the
Electricity Act. It determines how the costs of thatch electricity grid are distributed
among network users by means of tariff structuoescbnnection, transport and system
services. Finally, it must be noted that the Cod#bpugh induced by the Electricity Act,
are a form of indirect regulation.

EU

UCTE European ETSO
Legislator
Organisation for Organisation of
technical European TSOs
integration grids Duteh ministry
DTe of Economic
Affairs
Regulator National legislator
Programme- Metering-
Responsible Tgfgf;fs& Responsible
Parties Parties
Planning & Trading Metering
monitoring
Production Transmission Distribution Supply Consumption

Figure 3: the network of actors for the Dutch eledtcity system

Dutch Electricity

Act 1998
System . Metering . Information
Code Grid Code Code Tariff Code Code

Figure 4: National regulation for the Dutch electricity system
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2.1.2 Overview of the Dutch balancing market

The Dutch balancing market design is the arrangemethe Dutch balancing market,

including the roles and responsibilities of relevattors and relevant regulations
determining the market rules. The balancing markeactually not a market, but an

institutional arrangement consisting of the instemts of Programme Responsibility, the
single-buyer market for Regulating and Reserve Poaral imbalance settlement. In the
Netherlands, the term 'onbalanssystematiek’ ist#gny used, which could be translated
into 'balancing mechanism'. Still, the term 'balaganarket' is more generally adopted
and is thought to better reflect the systems |@fahis institutional arrangement. The
terms ‘balancing market’ and 'balancing market gieswill be used interchangeably to
indicate the combination of the three mentionetrimsents.

In the liberalized and unbundled electricity markéthe Netherlands, the activities of
electricity production, transmission, distributiand supply are separated to create fair
market conditions. The Electricity Act provides fitve independency of grid operators
(being both the national operator TenneT and tg@nal grid operators), so that trading
positions of market parties are equal. In concrgte] operators are not allowed to
discriminate between market parties, and therefi@ane to provide non-discriminatory
grid access.

One of the tasks of the Dutch TSO TenneT is to taairnthe system balance in
the Netherlands. In order to fulfil its responstlilfor balancing supply and demand
when actual electricity supply and/or demand devimbm the predicated amounts,
TenneT makes use of the three balancing marketuimshnts. Programme Responsibility
is directly enforced by the Electricity Act; thedding and dispatching of RRP and
settlement of imbalances are laid down in the Gudle and the System Code by DTe.

Programme Responsibility requires connected pafgésctricity producers and
consumers with a connection to the grid) to infGremneT about the electricity volumes
they will buy and sell for each Programme Time UTU) in the form of Energy
Programmes (E Programmes), so that TenneT is alsi@intain the system balance and
settle imbalances justly. In practice, so-calledgPamme Responsible Parties (PRPS)
have taken up this responsibility. To resolve ty&esm imbalances, TenneT operates the
single-buyer market for Regulating and Reserve PGRRBP), which is made possible by
the obligation of large producers to offer avaaBRRP. The imbalances are then
resolved by TenneT through either calling (askimg dispatch) or automatically
dispatching the needed amount of RRP. The deploywieRRP is taken up in the E
Programmes, after which the imbalance of every BR¥ettled with an imbalance price
that resembles the dispatch price resulting from rtrarket for RRP. This settlement
process is called 'imbalance settlement'.

! The explanation of the working of the balancingkeais based on "The imbalance price mechanism per
01-01-2001, revised per 26-10-2005", TenneT 20Q8d¢D-only)

2 One of these three instruments of the Dutch balgnmarket, the single-buyer market for Regulating
Reserve Power, has more of a market, although th@my one buyer, sellers who are obliged tomffe

and a price that is mainly determined by the seli8ee paragraph 2.3.
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As becomes clear from the above short descriptibthe Dutch balancing market,
Programme Responsible Parties have an importamtimathis market. This is shown in
Figure 5.

Dutch balancing
market design

Y

Single-buyer
Programme market for Imbalance
Responsibility Regulating and settlement

Reserve Power

PRPs submit PRPs can PRPs settle

net imbalance
with TenneT

Programmes place bids of
to TenneT RRP

Figure 5: the Dutch balancing market design and theole of Programme Responsible Parties

According to their Programme Responsibility, Prognee Responsible Parties (PRPS)
have to submit E Programmes to TenneT, and keépose E Programmes, so that the
system imbalance is maintained. However, durintually each PTU (which is fifteen
minutes) a system imbalance will occur due to ueetgd events or uncertainties.

This system imbalance will be resolved by the srglyer market for RRP, on which
producers or consumers have to offer available Régg and Reserve Power. In
practice, it is the PRPs who offer the RRP in nahé¢he producers/consumers from
which they have taken over Programme ResponsibilignneT calls/dispatches the
cheapest RRP to resolve the system imbalance.

Then, the system imbalance can be traced back Bs PR comparing for each PRP the
actual net electricity volume with the planned aletctricity volume in the E-Programme.
The actual net volumes cannot be determined exastlich is why the total measured
feed-in is allocated to the PRPs in the Allocatiwacess, which is part of the imbalance
settlement process. For deviations between plammedvolumes and allocated net
volumes, the PRPs pay/receive the imbalance poife®tn TenneT, the last step in the
imbalance settlement process.

Below in Figure 6, the current Dutch balancing neaudkesign is presented in a simplified
way, by showing the actors, information productsl gmysical elements in separate
layers, and arrows showing the relationships afanmation flows.

In the bottom layer showing the physical elemeoésitral generation units are
used to generate electricity, which is transporiga the high-voltage transmission
network and the medium-voltage and low-voltage riflistion network to feed the
electric appliances of end-users. The solid limethis layer represent the infrastructure
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of the Dutch electricity system. Metering facilgi@re used for metering production,
transport and consumption of electricity.

o TS0 | - el
Actors Producers i ™ TenneT |® DSOs |« Suppliers |« i Consumers

' PRPs

! /,/’// | ;”"
T Prognoses <
E Programmes

RRP Imbalance
Deployed RRP ~

Meterin: ey S
facilityg ‘‘‘‘‘ Metering facility
facility
Generation Transmission Distribution Electric
units network network appliances

Figure 6: Actor-information-physical elements diagam of the Dutch balancing market design
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Metering

Physical
elements

The top layer shows the participants in the Digalancing market, with the solid
arrows indicating relationships between the actBreducers are directly connected to
the transmission network, owned and operated byw@Enthe Dutch TSO. Consumers
are connected to the distribution networks, whieh @vned and operated by the DSOs,
with the suppliers as the usual intermediary betwaansumers and DSOs. PRPs have
taken over Programme Responsibility of produces @msumers, and are registered by
TenneT.

The middle layer presents an overview of the mafarmation products. The
solid arrows show which information products areduas an input for other information
products. With help of the bidding ladder, it igetenined which RRP is deployed when
a certain amount of it is needed. Hereby, it i® @stermined what the imbalance prices
are. How much is needed, depends on the systenandea as indicated by the totality
of E Programmes, and the amount of transport ogistns, which follows from the T
Programmes. The size of imbalance for each PRPetiermdined by comparing the
allocated net volume of that PRP with the net vawpecified in his E Programme, and
in combination with the imbalance prices, this ferthe imbalance information. RRP
invoices and imbalance invoices can be set up alitthis, and settled with the PRPs.
Allocated volumes are determined with help of matgdata, profiles and the SYCs.

The interrupted lines show the relations betwebysigal elements, actors and
information products, which will be discussed latar. Finally, remember that the
diagram in Figure 6 is illustrative, but not conipleEspecially the flow of information
between different actors cannot be read from it.
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The three instruments of the Dutch balancing madkstgn, along with the role of PRPs
and other actors in the Dutch electricity systera,described in more detail in the next
three paragraphs.

2.1.3 Independent grid operators and non-discrimingory grid access

In the liberalized electricity market of the Netlaeds, the traditionally vertically
integrated distribution companies have been ledatipundled' into electricity suppliers
and regional grid operators. Unbundling of the itradally vertically integrated
distribution companies has made sure that the iaetivof electricity production,
transmission, distribution and supply are separated not conducted by the same
parties. The transmission network and distributretworks are owned by a single
operator. In order for the electricity market t@yide equal conditions to all producers,
traders, suppliers and consumers, the grid operatoould be independent. This is why
the market condition of independent grid operatord non-discriminatory grid access is
legally enforced, both in the European Directivéd2B4/EC and the Dutch Electricity
Act 1998.

The balancing market rests on the principle ofepehdent grid operators and
non-discriminatory grid access, because it is alegerecondition for fair and equal
competition, and the performance of the balanciagket depends on market efficiency.
The independency of regional grid operators is tsby legal unbundling, while both
regional grid operators and TenneT are not allotwatdake profits from the provision of
transport and system services, which removes praking as a cause of discrimination.

2.1.4 Definitions of balancing market terms

Some definitions of balancing market-related wondgst be given now, in order to
describe the three instruments of the Dutch bat@naiarket design in more detail. These
definitions are reproduced from several documentthe Dutch balancing market design
(see footnotes). They will be used in the remairafethe report, without repeating its
meaning, so they should be read carefully.

Grid operators
Both tjlhe national grid operator TenneT (the TSQJ #re regional grid operators (the
DSOs

Consumers

According to the European Directive 2003/54/ECyrehs a differentiation between final
consumers and wholesale consumers. But since thes fio this report is on household
consumers, with the term ‘consumers’ will be mehate the final consumers, who
utilize the electricity to satisfy their own deménd

Connection

A connection to the grid, either to the transmissitetwork (for producers), to the
distribution network (for consumers), or betweero taetworks of a different voltage
levef

% European Union 2003
* Ministry of Economic Affairs 2007
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Connected parties

Parties that are have a connection to the elegtrrid, being both electricity producers
(who are generally coupled to the transmission)@iel electricity consumers (who are
generally coupled to the distribution grid)

Programme Responsible parties (PRPS)

Parties who have the legal responsibility to foratellEnergy Programmes and follow up
these Programmes. They are either responsiblen®roo more connections, or are just
traders of electricity volumes. Both types of PRRwe to be recognized as such by
TenneT

Balance

The balance of one Programme Responsible Partyjingethe extent to which that Party
keeps to its Energy Programme: if the actual rettetity volume does not deviate from
the Energy Programme, the balance has been maidtain

System balance
BaI%nce between the total supply of and demancklmstricity on the Dutch electricity
grid

System imbalance
Disruption of the balance between the total sumgblpnd demand for electricity on the
Dutch electricity gri

Control power
Regulating Power, Reserve Power and emergency power

Regulating Power
All capacity made available to TenneT through lvidiéch can be controlled by means of
Load Frequency Control with a regulating speect ¢éast 7% per minute

Reserve Power

All capacity that can be consumed under the agageolunt, or produced over or under
the agreed amount, and offered to TenneT on a clsamyuwor voluntary basis, but not as
regulating power

Emergency power
Capacity that has been contracted by TenneT irr dod®aintain the system balance and
that is deployed if no (sufficient) Regulating @Reserve Power is availaBle

Positive power
Regulating and reserve power that increases tlatrieley production or decreases the
demand, and is therefore said to have a positiltet/a

°DTe 2005a
® TenneT 2006 ('Implementation regulations for GZimtle and System Code')
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Negative power
Regulating and reserve power that decreases th&iely production, and is therefore
said to have a negative value

Dispatch time
Period of time between the moment of request oeResPower and the start of delivery

Response time
Period of time between the moment of deploymerRedulating Power and the start of
delivery’

Regulating speed
Speed with which Regulating Power can be adjuspedards or downwards, expressed
as a percentage per minute of the offered cagacity

To supplete
To deploy positive Regulating and Reserve Poweb(itch: ‘opregeler)

To absorb
To deploy of negative Regulating and Reserve P¢inddutch: ‘afregelen’)

PTU
Programme Time Unit (= 15 minuté&s)

Day of execution

Day which contains the considered PTU, called the Bf execution. For the PTU of
execution, which is the actual time of deliveryPEbgrammes are made and Regulating
and Reserve Power is offerd.

Day of preparation
Day before the day of executfon

" According to a short TenneT note, this Englishdvsrthe formal translation of the mentioned Dutch
words
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2.2 Programme Responsibility

Connected parties have Programme Responsibilitpnaept taken up in the Electricity
Act 1998 to increase efficiency and effectivenegslectricity delivery. Programme
Responsible Parties (PRPs) have to deliver Trahdpaygnoses (T Prognoses) and
Energy Programmes (E Programmes) to TenneT onapdefore the day of execution,
per Programme Time Unit (PTU). One PTU is 15 misufePrognoses show the planned
power flows through the PRPs' connection and aslgepdints; E Programmes reveal
the planned net amount of electricity demandedippled.

For each operational PTU, TenneT compares the gr&rones of the PRPs with
the actual net electricity volumes demanded or begpPRPs are charged the imbalance
price (in € MWh) for the difference, since that ambhad to be corrected by TenneT
through operation of the singe-buyer market for R&ting and Reserve Power. This is
part of the imbalance settlement instrument.

According to article 31, lid 2 of the Electricity cA 1998, Programme
Responsibility of connected parties can be assigiwe@nother party, net operators
excluded. One PRP can be responsible for multipfenected parties. PRPs must have
been formally recognized by TenneT. To become anitéel PRP, a party has to meet
conditions with regard to the availability of teated means to formulate and send in
programmes, and the ability to follow strict timehedules for the sending of
programmes in a prescribed electronic format (Wen#002). A PRP can either have a
trade allowance or a complete allowance. A compddiavance holds that an allowed
legal person may have Programme Responsibility donnections, while a trade
allowance only gives the permission to trade betw&RPs. In the PV register,
publicized on the TenneT website, the PRPs aredlisthere are currently 29 PRPs with
complete allowance, and 21 PRPs with trade allo@anc

The most important task for the PRPs is the fortrariaand submission of E
Programmes. In contrast to T Prognoses, E Progranangebinding for PRPs, who must
pay for every MWh of deviation. E Programmes caty de adapted until one hour
before the PTU of execution.

In the E Programmes the PRPs must report the pdlaneé volume exchange
through its grid connections (in case of complédi@reance) and the transactions agreed
upon with other PRPs. Also import and export volamuist be reported.

One hour before the PTU of execution the E Prograsnbecome final. The day after the
day of execution, TenneT and the other grid opesatollect metering data about the
actual production and consumption, which are comoated to TenneT and are summed
up for each PRP. Not all consumption (and prodagtcan be measured on such a short
notice, but this consumption is calculated andcalled to the PRPs with help of the
known data by means of the profile methodology (s@graph 2.4) in a process called
Allocatior®. By comparing the allocated volumes with the EgPammes, TenneT can
determine the imbalance of each PRP for each PThid.ifnbalance can then be settled.

8 The determination of the actual consumption amdipetion is often called 'Allocation’ as well, wih
part known exactly by metering and a part allocatét help of the profile methodology. See paragrap
2.5.
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The time schedule for the submission of E Programimeelatively simple. An
accepted E Programme takes effect on 0.00 a.nmheotlay of execution, but altered E
Programmes can be sent until one hour before the BT execution. However,
alterations can only take effect every whole hood dherefore should at least be
submitted one hour before that whole hour. Thea,ddy after the day of execution, the
PRP receives information about the allocation, ilatees and imbalance prices, and the
total imbalance costs with regard to the day befatethe latest at 17.00 p.m. (DTe
2005b). The time schedule for E Programmes is \imadhbelow in Figure 7.

There is a more extensive time schedule for T Ryegs, because TenneT uses
the T Prognoses of PRPs to perform a grid secuaitglysis, to find and solve
transmission restrictions in order to make the gpeérationally 'n-1 secure'. This means
that load disturbances will not lead to system lma&t. The target time of solving all the
transmission restrictions and authorizing the TgRoses is 17.00 p.m. at latest. If not all
restrictions have been solved, TenneT or the redignd operators may have to impose
restrictions on the market (TenneT 2006). This banseen in the time line for the
bidding or RRP in Figure 9.

Day before Day of execution
-
First E Programme Altered E Programme .
0h0o Hour PTU of

before execution
execution

Figure 7: Time schedule for the submission of E Pgrammes

In the imbalance settlement process, only the mdtinve specified in the E
Programme is of interest: deviations from this vaume (X MWh subtracted from or
supplied to the grid) are settled. Allocation ahd E Programmes are the components of
the imbalance settlement: the transactions in tHerdgrammes are compared with the
actual transactions resulting from the Allocatidrherefore, PRPs try to predict the
consumption and production as good as possiblesdbmission in the E Programmes,
but also to predict the allocation so that they adapt their E Programme to it. Also, the
PRP can change his actual net volume as a respotise prediction he has made of the
volume that will be allocated to him. This can bene by making deals on the OTC
market or APX intraday market, or by producing moreless. Altered E Programmes
should be submitted only if the net volume will 8éferent, which also points to the
possibility of ‘internal balancing' by PRPs or cected parties even if the PTU of
execution is less than an hour away. Sudden ertraumption can be compensated by
suppletion of a production plant, for instance,deg the same net volume. The bundling
of connections by one PRP thus increases theyabiliminimize imbalances. To what
extent this happens is left to the market (Wen28g2).
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Seven design variables are derived from the aboescrgbtion of the Programme
Responsibility instrument.

First, Programme Responsibility is an instrumest fhrovides a way to allocate
imbalance costs to market parties on the basisRiogrammes, and to enable TenneT to
balance the system a-priori. A first design vaeald concerned withhe presence of
Programme Responsibilityfter all, this presence is not an indispensaigedient for
the ability to balance system supply and demand.

Second, the Programme Time Unit of fifteen minugesot only used for the
submission of E Programmes and T Prognoses, batiralthe single-buyer market for
Regulating and Reserve Power and for imbalancleseinht. This makethe length of the
PTU an obvious design variable.

Third, there exist specifications for the compasitiand submission of E
Programmes. The Programme Responsible Party shepddify the net electricity
amounts subtracted and withdrawn in a predescr@d and submit the E Programmes
in the form of EDINE (Electronic Data Interchange the Dutch Energy Sector)
messages. The nature of thelSeProgramme specificationsorms another design
variable.

Fourth, certain specifications exist for the conmipms and submission of T
Prognoses as well. Like the E Programme specifingfi they exist to make the
Prognoses comparable, understandable, and quiaktggsable. The nature of
T Prognose specifications thus another design variable.

A fifth design variable is concerned with thdmission conditions for PRP$0
gain a trade allowance of a complete allowance frbemneT, a party must meet
conditions regarding the ability to formulate pragymes justly and timely. These
conditions could be changed.

Sixth, the existence of a lower limit for the number ofPBRs another design
variable. Currently, there is no such limit. Howewvine existence of only a few PRPs
might lead to too much influence (this will be exiped in Chapter 5). The tendency of
PRPs to take up responsibility for a larger numdfeconsumers and producers, which
improves their internal balancing capabilities, I[doead to a reduction of the number of
PRPs.

Seventh, the final time at which altered E Progrea® can be submitted to
TenneT, also called thgate closure times a design variable. Currently, the gate closure
time is one hour before of the operational PTU, toutmake sure that the altered E
Programme takes effect, the E Programme shouldilv@iged one hour before the last
whole hour before the operational PTU. The gatesuwi® time could be shortened to
increase the balancing market efficiency, at theease of higher administration costs,
and perhaps restricted by technical and processingtraints.
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2.3 The single-buyer market for Regulating and Resee Power

Regulating and Reserve Power (RRP) are two formsoafrol power, which is only
deployed for the purpose of resolving system imfiada. In the liberalized Dutch
electricity market, RRP should be supplied by mapaties. However, market parties
can be reluctant to put aside surplus capacityusecthis does not provide them safe and
constant revenues. That is why a provision is madbee Grid Code: Connected parties
with contracted and provided capacity of more tBA&rMW are obliged to offer all the
available capacity that they can produce more &8 End consume less to TenneT as
RRP by means of bids; other connected parties llveed to do so (DTe 2006a). In
practice, the bidding of RRP owned by connectetiggwill be conducted by the PRPs
who have taken over the Programme Responsibilitha@de connected parties. This set-
up avoids complex transactions between TenneT,emiad parties that offer RRP and
their Programme Responsible Parties.

Regulating Power is a form of control power thatised for the balancing of electricity
supply and demand within a Program Time Unit (PTWhich is 15 minutes. PRPs can
offer Regulating Power to TenneT either voluntaryy contract. The Regulating Power
has to be available within 15 minutes and Tenne§trbe able to operate it via the so-
called Load Frequency Control (LFC), which requieesegulating speed of at least 7%
per minute. This LFC implies that TenneT can auticady deploy the Regulating
Power, whether positive or negative, by sendinggulating delta' (an electronic signal)
(TenneT 2006). How quick Regulating Power can ladled’ is given by the response
time. Like with Reserve Power, only volumes betwBemd 100 MW can be offered.

Reserve Power is not operated automatically, anehofas a relatively large
dispatch time. Another important difference withgRkting Power is that Reserve Power
is deployed per whole generation unit for posipesver. Negative Reserve Power can be
partially dispatched per bid. Furthermore, it cafyde offered to TenneT if the capacity
is above 5 and below 100 MW (TenneT 2003). How kjuReserve Power can be
dispatched is given by the dispatch time (see #fi@itions in 2.1.4).

As a backup, there is also emergency power. Thimmérol power that has been
contracted by TenneT in order to safeguard theesy$talance and that is deployed if the
offered Regulating and Reserve capacity is ingefiic Specifications for the bids of
these three forms of control power follow below.

For every PTU, PRPs/connected parties should kaadte RRP. The bid price can be
freely chosen. With the totality of bids, which che adapted till one hour before the
PTU of operation, the dispatch prices and the oodatispatch are determined. This is
done by means of the bid ladder mechanism. Théablider contains bids of Regulating
and Reserve Power with a dispatch time smaller ¢inagual to 15 minutes. The bids are
ordered per direction, from the cheapest bid to rtiest expensive bid. The bids of
negative power can be found on the left side oflddder, and the bids of positive power
on the right side. Bids of positive power are dgptbby TenneT in order of increasing
bid price, and bids of negative power in order efr@asing bid price. The dispatch price
per direction (positive or negative) is the bidcpriof the marginal (‘last’) bid in that
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direction, needed to resolve the system imbalandbat direction (TenneT 2005). This
means that positive bids are settled at the pridbeohighest bid deployed and negative
bids at the price of the lowest bid deployed, faclePTU. In general, positive power is
paid for by TenneT, and negative power paid fotHeyPRP. See Figure 8.

F 3

g Negalive power -uu——05itve POWET
=
@,
Price for suppleting
Price for absorbing
0 B
< MWh > . = deploved positive power
v . = deployed negative power

Figure 8: The bid ladder mechanism (DTe 2004)

In general, connected parties who have offeredtigedRRP that has been dispatched to
solve an imbalance during a PTU are paid the dispatice for positive power by
TenneT, while connected parties who have offeredatiee RRP pay TenneT the
dispatch price for negative power (for the relevliilJ). Suppliers of negative power
will be willing to pay TenneT, because they haveady sold the electricity and they will
have lower fuel costs by the absorption of productapacity. The price for absorbing
can also be negative; TenneT then pays for therptiso (TenneT 2005).

Once bids are made, the PRPs/suppliers of RRPdiged to deploy the RRP
when TenneT requests this. The deployment of RRP lv@ corrected in the E
Programmes by TenneT. If the requested RRP is geg)dhe relevant PRP receives the
dispatch price for every MWh. If the requested R&Rot deployed, the dispatch price is
not paid, and the PRP will have an imbalance forcviine has to pay the imbalance
price. Partial deployment will lead to partial pafy-and imbalance for the part not
deployed.

TenneT will settle the dispatched amount of RRFhlite relevant suppliers of
RRP separately. For this purpose, TenneT sendsfaidnation relevant to invoicing to
the PRPs that have deployed RRP, who should fotmw@ad send back invoices to
TenneT every Wednesday. If the invoice amount @ged, the net sum must be paid
within two weeks (TenneT 2006).

For guaranteeing that the system balance can b&tameed at all times, a certain amount
of Regulating, Reserve and emergency power is aciat. In 2002, 275 MW of
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Regulating Power and 300 of MW emergency power lheen contracted. Currently
contracted RRP is of similar size. This ensuresatralability of a minimum amount of
Regulating Power, Reserve Power and emergency power

Regulating Power is used primarily for solvingteys imbalances because of its
low response time and its ability to be deployediglly. This is why the Reserve Power
is often skipped on the bid ladder. Reserve Posgrimarily used to solve transmission
restrictions, and to free Regulating Power for gmesew imbalance (TenneT 2005).

Suppliers of RRP or PRPs semkssagedo TenneT. These messages consist of a
collection ofbidsof RRP. A bid covers the offering of RRP for onleole day. It consists

of bidding lines one for every PTU. Thus, a bid consists of 9@linid lines. The number

of bids in one RRP message is unlimited. In casepplier of RRP/PRP does not have
RRP available, he should still send a message,hichnis specified that zero bids are
made. New messages overwrite all earlier sent rgess&or every bid of RRP, it should
be specified for all of the PTUs of the implemeistatdate how much capacity is made
available for which price (TenneT 2003).

Messages of RRP are exchanged in a standardizehtfowhich meets the EDI
standard for the Dutch energy sector (EDINE he use of this format, plus the required
attributes for the messages, makes that RRP mesaegall alike, and can be processed
by TenneT automatically. For the same reason, andake sure the messages contain
the right information, there are a number of regmients posed to the messages, bids and
bidding lines.

For RRP messages, the supplier of the RRP andRRerRust be specified by means of
an EAN code. The implementation date should alsgiteen. This date must be between
the current day and 7 days later.

Important attributes of the bids of RRP are thepalish time and the regulating
speed. The dispatch time should be given in minwed should be between zero and
10080 (7 days). The regulating speed must be givét/minute, and should be between
7.0 and 100.0. For regulating power, the respoimee tmay not exceed 30 seconds
(TenneT 2006)

The attributes of the bidding line are the capasityMW and the bid price in
€/MWh. The capacity of positive power must be ateger between 5 and 100; the
capacity of negative power must be an integer batw&00 and -5. The capacity has the
value zero when there is none offered. The bidestould have a value between
-100,000.00 and 100,000.00 (TenneT 2003).

Until one hour after the closure of the day-aheaarket (which is the day before
execution at 1300 p.m.), the first bid can be mayla RRP supplier/PRP who wants to
offer RRP for the next day. Then, TenneT will use bid information to solve transport
restrictions until 16.00 p.m., when authorizatidrthe bids takes place. Subsequently, it
is possible to make alterations in the bids fromrtoment of authorization until closure
of the intraday market (1 hour before hour of exiec)). On the day of execution, the
term for sending in altered bids of RRP always eokls hour before each PTU. The

® Electronic Data Interchange in the NetherlandsIfHE) is a collection of specifications and agreetaen
(TenneT 2006).
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remaining hour before the PTU of execution is ubgdTenneT to solve remaining
transport restrictions. This time schedule is presgtin Figure 9.

Day before Day of execution
- /
Solve
First bid Solve transport restrictions Alter bids transport
restrictions
12h00 13h00 16h00 Hour PTU of
(authorization) before execution

execution
Figure 9: Time schedule for the single-buyer markebf RRP (TenneT presentation)

In case the market for RRP is insufficient for sadythe system imbalance, emergency
power will be deployed. TenneT has contracted s@0@ MW of emergency power,
which serves to solve system imbalances that thkkehdor Regulating and Reserve
Power can not cope with. Thus, emergency poweitange do not fall under the market
for RRP or under another market. In past operayiegrs, deployment of emergency
power was only necessary for a limited amount dJ®TAccording to a note by TenneT,
it is desirable that the contracted capacity ismatimum 20-25 MW. This capacity
should be available exclusively to TenneT, durihg tvhole agreed contract period.
Furthermore, the dispatch time should be as snsappassible, but not larger than 15
minutes. Finally, the offered capacity should bspdichable for at least 60 minutes
uninterruptedly. All these requirements make sina emergency power can be used
immediately and effectively for the resolution ofgstem imbalance that the market for
RRP could not solve, in order to prevent emerganegasures like the cancellation of
electricity export or the switching off of consunamnections.

Six design variables arise from the above desonpof the single-buyer market for
Regulating and Reserve Power.

First, it was mentioned that large parties withrenthan 60 MW production
capacity are obliged to offer their available RRMPe degree of compulsion of RRP
provisionis a first design variable that follows from thisligation.

Second, thestructure of the bid ladder mechanisera design variable. This
concerns the way bids of RRP are arranged on th&alder: bids of negative power are
placed to the left in order of decreasing bid paod bids of positive power are placed to
the right in order of increasing bid prices. Thewsion that bids of Regulating Power
and bids of Reserve Power are not separated ipatsof this structure.

Third, thedetermination of dispatch prices a design variable that is concerned
with the way the dispatch prices are derived. I ¢hrrent design, these prices are the
marginal prices for RRP, and separate prices anedo for positive and negative power.

Fourth, therequirements for the offering of RR®Pthe current balancing market
design have been listed. They could be alteredgXample be made more or less strict.

Fifth, a last design variable is concerned wita I#vel of contracting of control
power. As said, 300 MW of emergency power and 275 MWRefjulating Power was
contracted in 2002, but the amounts could be ise@ar decreased to anticipate the
future state of electricity system.

Sixth, therequirements for emergency powgven abovecan be adapted as well.
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2.4 Imbalance settlement

The third instrument of the Dutch balancing marketthe imbalance settlement.
Imbalance settlement consists of the settlememhbélances of Programme Responsible
Parties, and the preceding process of allocatiigab@roduction and consumption to
each of them: Allocation. See Figure 10.

For the settlement of imbalances to take placejnti@mlance volume of each PRP must
be known, along with the imbalance prices. The iar@e costs for each PRP are then
his imbalance in MWh multiplied by the imbalancécprin €/ MWh. For each PTU new
imbalance prices and imbalance volumes are derilied.imbalance prices follow from
the dispatch prices that are formed in the mareeRegulating and Reserve Power; the
imbalance volumes are the differences between tHerdgrammes and the allocated
volumes.

The imbalance for a PRP is the deviation of theuachet volume supplied to or
subtracted from the grid from the planned net vauspecified in the submitted E
Programme. The actual net volume supplied to otraated from the grid should be
derived for each PRP by determining the electrieijumes that are injected by the
producers the PRP has programme responsibilitaridrthe electricity volumes that are
withdrawn by the consumers the PRP has programsepomneibility for. However, only
the producers and consumers with a telemetry faodan be metered continuously.
Household consumers, having relatively small gondrections and yearly consumption
levels, are not metered continuously. This is whieeeAllocation process comes in.

In the Allocation process, the total amount of &lety fed into the different
distribution networks is allocated to all connectemhsumers. For the continuously
metered consumers, this is easy, and is done Tings. leaves the total volume consumed
by consumers that are not continuously metereds Témaining volume is allocated
among these consumers by means of the profile rdekbgy.

All consumers not continuously metered have beesigaed a consumption
profile, based on their consumption pattern. In lmation with a Standard Yearly
Consumption, an assumed consumption volume caneterngined for them for each
PTU. Then, the total consumption of 'profile consushis allocated to them on the basis
of their relative assumed consumption levels.

Imbalance settlement

I

I

[
Intraday L 1

Day-ahead Formation and

prediction of | submission of E- ) - Allocation =  Settlement » Reconciliation
; balancing

consumption Programme

Profiles, other Planned electricity Predlctlon of | Metenng data E Programmes + AIIocated volumes
informtion transactions aIIocated volumes | + proflles aIIooated volumes + actual volumes

PTU of execution

Figure 10: Follow-up of processes concerning the Bgramme Responsibility and imbalance
settlement
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2.4.1 Determination of the imbalance prices

As has been become clear by now, Programme Re$§boriRarties have to pay the
imbalance price for every MWh their actual net #ieity volume (resulting from the
Allocation process) differs from the net volumetathin their E Programme, which
stimulates them to minimize their imbalance. PRIRa& thave a positive net volume
difference (PRP surplus) are expected to have sosdto TenneT. PRPs that have a
negative net volume difference (PRP shortage) apeated to have bought thisom
TenneT (TenneT 2005). This stimulates market patiiehave a surplus rather than a
shortage, which is beneficial for maintaining tlygstem balance.

The imbalance price is based on the dispatch pemating from the single-buyer
market for Regulating and Reserve Power. Like thera dispatch price for positive
power and one for negative power, there are incjpal two imbalance prices for each
PTU: one for PRPs who have a negative net volurfierdhce and one for PRPs who
have a positive difference. Which dispatch prictaken as a basis, depends on which of
four situations applies to the operational PTU:

1. TenneT has only deployed negative power

2. TenneT has only deployed positive power

3. TenneT has both deployed negative power and pegtiwer
4. TenneT has neither deployed negative power notipegiower

In the first situation the dispatch price for negatpower is taken as a basis, and in the
second situation the dispatch price for positivevgois taken. In the third situation the
price for positive power is used for PRPs havimgpgative net volume difference and the
price for negative power for PRPs having a positige volume difference. In the fourth
situation, no dispatch prices have been set, becanskRRP is deployed. In that case the
imbalance price will be based on the 'middle prite average of the lowest bid price for
positive power and the highest bid price for nagagiower (Wenting 2002).

Finally, to obtain the imbalance price the dispapeice has to be increased or
decreased with the 'incentive component'. If tlisgonent is zero, the imbalance price
is the same as the dispatch price. The dispatate psi increased with the incentive
component if the PRP has a negative net volumerdifice, and vice versa.

The incentive component is determined every wegk, ia coupled to the performance
level of the Dutch balancing system. The perforneaevel is found sufficiently high if
two conditions are met:

A. The number of inadvertent exchanges over 5 mirthsper week, converted

to MW, larger than 300 MW or smaller than -300 M¥\Vass than 40.

B. The average per week of the inadvertent exchanges & minutes is,

converted to MW, both larger than -20 MW and snmrah@n 20 MW (TenneT

2005).
If these two conditions are met, the incentive congmt will decrease. It increases if the
performance level decreases, thereby providingrgefastimulus for PRPs to have a
surplus rather than a shortage, and less imbaldmgeast operating years, the incentive
component has been zero most of the time, whicme#zat the above conditions are
usually met. Moreover, it means that the imbalgmraees have been equal to the dispatch
prices most of the time.
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The imbalances of PRPs are settled in the followway. The settlements of the
imbalances between TenneT and each PRP are nettesdry weak by multiplying for
each PTU the imbalance price with the imbalancd, amming the outcomes. The net
cash value is either paid by TenneT to the PRRamt Ipy the PRP to TenneT, depending
on the sign of this value. Payments are made foh e@eek. This happens after the
invoice of that week is sent, which is 10 daysratte last day of that week (see below).
The yearly cash balance between the settlemenmbélances and the settlement of
deployed RRP are settled in the system servic#$ darthe next year, as specified in
article 3.9.9 of the System Code, thereby redingcthe remaining net balancing costs
back to the market (TenneT 2005).

l 1# rime on day N+ J
1Eh00 Afper 16h00
Dayof execution N Measurem ent Imbance mesmages LentTo
walues pe o ived prgE's
by TenreT
I 2 time I week W Prelimenany inviice
Tuesday
12h00
5A su Ma Tu WE TH FR. S 50 MO TLIl
" L o m " " . " . " "
W medsurementvalues STEPT: STEPZ:
wnte wesk v m::iw-:l:ql TenneT reviews the TenneT sents prefim enary
Tennel Imbalncenesuts and sets cuta imbancemesues
request far better measurement
data  neceesary,
3 rime sk Vi3 Finalimvaice
dailyyi+11 Tuesday
24hon before 12h0D N+12
SA . S0 . WM TU . WE  TH . FR | I I
| a[wrwlnw!inq days, Trom the
we ki measurement dam for each day of week TennsT sensfinal momentthe Rstserdement day of
W recetved by TenneT cnday N +10 imbalance results theweek v has past TenneT will s

entfinalimbakance fmoices

Figure 11: Time schedule information exchange fomnbalance settlement (TenneT website)

The imbalance settlement process is also subjeattime schedule, see Figure 11. The
imbalance is settled for every week, running froatugday up to and including Friday.

The day after the day of execution, the meterirtg daust be received by TenneT before
16.00 p.m. Putting the metering data on-line igsponsibility of the individual PRPs,

although the Metering Responsible Parties colleetetering data. After 16.00 p.m., the
imbalance messages with imbalance information an¢ ® the PRPs. Then, in the next
week, the temporal invoice is sent, after Tenned egeived the metering data for the
whole week, which should be finished by TuesdayZa00 p.m. TenneT can request
better metering data if needed. Then, on the tdathafter the last day of the week of
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execution, TenneT has received the final meteratg df every single day in the week of
operation. When the tenthorking dayhas past since the last settlement day of the week
of operation (which is in the third week after theek of execution), the final imbalance
invoices are sent to the PRPs.

Because the dispatch price for RRP is essentialysame as the imbalance price used
for settling imbalances of PRPs, the bid pricesddky suppliers of RRP (which is done
by the PRPSs) reflect their attitude towards riskse starting point for the imbalance
settlement instrument has been the wish to assigar&et-related price to imbalance by
relating it to the settlement prices for deployeBRFR(TenneT 2005). This way, the
imbalance prices are determined by the market: Ri#fesoffer RRP consider both the
possible benefits of being deployed and the passibsts of having to pay the imbalance
price for their imbalance. Both will probably inese if the PRPs specify a higher bid
price. PRPs have to bear in mind that if offeredPRKth a high bid price is deployed,
this also means that the imbalance price is higinthErmore, it can be remarked that a
PRP who is certain of his ability to prevent an ataimce and therefore submits a very
high bid price, will probably not be deployed, besa his RRP is at the end of the bid
ladder. Finally, submitting very low prices withetintention to keep the imbalance price
low is not attractive, because PRPs will lose moaoeythe deployment of their RRP,
which needs to be offered if it is available. Ifpaprs that opportunistic behaviour by
PRPs is prohibited by this balancing market design.

To conclude, the imbalance settlement instrument, combination with
Programme Responsibility and the single-buyer ntaideRRP appear to give the right
incentives to PRPs and other market parties tomika their imbalances, but also to
offer RRP. This makes the system balancing taskeoineT a lot easier: it only has to
facilitate the transactions in the balancing markelve the planned system imbalance by
means of import and export, restore unexpectedlanba not solved by the market, and
remove transport restrictions.

Now, the profile methodology will be discussed. Tmfile methodology is used to
allocate the amount of consumed electricity to oamers from which no meter readings
are known. It therefore forms an important parthef Allocation process, and thus also of
the imbalance settlement. Besides, it is very aatévo this research because of the focus
on households, which are normally all profile cuséos.

First, some definitions of key words in the profiteethodology are given. The original
Dutch words can be found in appendix B, as wethadoundation of the methodology in
regulation.
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2.4.2 Definitions for the profile methodology

The profile methodology
The regulatory provision of the existence, struetand use of consumption profiles for
the prediction and Allocation of consumption byfgeocustomers.

Profile customers/consumers
Profile customers, or profile consumers, are corsanwith a ‘'dumb meter' (a meter that
has to be read manually), and therefore have besigreed a consumption profile.

Consumption profile
A consumption profile assigns a consumption pattera profile customer. The profile
takes the form of a series of fractions, one faheRTU in the yeal’

Standard Yearly Consumption (SYC)
The expected yearly consumption of a consumer @tedgo the grid at standardized
conditions and on the basis of a normalized y®ar.

Allocation

For each PTU, grid operators have to calculateatmeunts of electricity PRPs have
delivered through their nets. Most injected andhdiawn electricity flows are metered
remotely and thus exactly known, but consumptiorptofile customers is not. The total
consumption of profile customers is allocated amahgm with help of their
consumption profiles and SYCs. This process iedathe Allocation process.

Reconciliation

Settlement over a certain period on the basis efdifference between the calculated
consumption of profile customers (Corrected Prdfi€onsumption) and the actual
consumption with a weighted market price.

Assumed Profiled Consumption (AP@je predicted consumption of profile customers
by means of their consumption profiles and SYCs.

Corrected Profiled Consumption (CPGhe consumption of profile customers that is
allocated to them by means of their profiles in@Hecation process.

Metering Correction Factor (MCFEXhe factor that is determined by dividing theatot
consumption of profile customers by the ARC

Climate Correction Factor (CCFr climate dependent factor used to correct the
different profiles for climate influences. Up torpent day, the MCF has beerl.

Tariff Correction Factor (TCF)a multiplication factor that is applied per PRét profile
category when there are multiple tariff categodpplicable in one profile categot$.

19 pPVE 2003 (‘Profielenmethodiek Elektriciteit — Vier8.04")
1 PVE 2002 (‘Reconciliatie Elektriciteitsmarkt")
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2.4.3 Description of the consumption profiles

A consumption profile is used to assign a consuompfattern to a large group of
connected electricity consumers from which the taglay electricity consumption can
not be metered.

Large consumers generally have a telemetry faciWtyich daily transmits metering data
electronically, so that actual consumption is knowmmediately. Since individual
consumers only use relatively small electricityuroks, the installation of a telemetry
facility at households has been found unprofitaBlecause the level of consumption of
different small consumers throughout time is rathierilar, the electricity consumption
of these similar consumers can be estimated byPtbgramme Responsible Party by
means of the same consumption profile. Currenilye ronsumption profiles have been
agreed upon by the combined grid operators and PRPdifferent types of small
consumers. One consumption profile is assignedatd &€onnected consumer without
daily metered consumption.

A consumption profile reveals the distributiontbé yearly consumption over all
PTUs of the year. It essentially consists of 35,f046tions, one for each fifteen minutes
in the year. In Figure 12, the profile fractionspwbfile E1A are plotted for four weeks
across the year 2002 (Ecofys 2001). This illusgrdke fluctuating consumption pattern
of Dutch households.

Except for a consumption profile, each profile oansér is assigned a Standard
Yearly Consumption (SYC) as well. This SYC is basedhe electricity consumption of
the particular consumer in former years, and iewerd when a new and validated meter
reading becomes known to the grid operator, by meanecalculation.

Now if a fraction of a particular PTU in the conguion profile is multiplied with
the SYC, the result is the ‘assumed consumptiorthat fifteen-minute period of the
year. The assumed consumption calculated for prafiistomers this way serves as the
basis for the Allocation to profile customers.

As consumption profiles are used as an alterndbveelemetry facilities, they can be
considered a measuring instrunténthe totality of rules, specifications and appiicas
for consumption profiles is referred to as thefipronethodology'.

12 From http://www.verbruiksprofielen.nl/toelichtirasp, an information website from Ecofys. Viewed on
May 23th, 2007.
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Figure 12: Fraction variation for profile E1A in fo ur different weeks of 2002 (Ecofys 2001)

The profile methodology is laid down in the Metgri€ode. There are currently nine
consumption profiles (profile categories). These secified in the Metering Code, and
are presented in Table 1. The rules concerning pitodile methodology and their

foundation in the Code are described in Appendix B.

Group Profile categories electricity

El Consumers with a connection value smaller oekipu3 x 25 Ampere
E1A single-tariff

E1B double-tariff night electricity

E1C double-tariff evening electricity

E2 Consumers with a connection value above 3 x@peke up to 3 x 80
Ampere

E2A single-tariff

E2B double-tariff

E3 Consumers with a connection value above 3 x18@éexe, but with a
contracted transport capacity smaller than 0.1 M\ r@ot provided with a
continuous metering facility conform the Meteringde

E3A Operational Time< 2,000 hours

E3B 2,000 < Operational Time 3,000 hours

E3C 3,000 < Operational Time < 5,000 hours

E3D Operational Time 5,000 hours

Remark 1: The above is applicable to connectiorthedow-voltage grid
Remark 2: The Operational Time can be calculatedafSYC and the contracted transport capacity are
known

Remark 3: With 'evening electricity' slightly mdreurs have a reduced tariff than with 'night efemity’
Table 1: Overview of the existing profile categogs
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2.4.4 The use of profiles in the allocation process

The imbalance settlement serves to settle imbatavegh PRPs, as revealed by
differences between actual net volumes and plammetdvolumes specified in the E
Programmes. In order for TenneT to settle the i@ with each PRP, first the real
volumes delivered to profile customers must be kméov each PRP. These volumes can
not be measured, which is why they must be derir@d known electricity volumes and
by means of the profile methodology.

@ @ Total feed-in
MirLs
@ Continuaush measured customers
2 ; MinLus
@ | HL Calculated profiles

MinuE
L] LW L @ Calculated net losses

Total consumption profile customers

©

Figure 13: Determination of the total consumption éprofile customers in one grid (website Ecofys)

For each PTU, grid operators need to calculateatheunts of electricity PRPs have
supplied through their nets. This process is calltbcation'. Every regional grid
operator can calculate the total consumption ofileroustomers connected to its grid by
subtracting known consumption volume from the feedrolume (import plus total
production). Unlike the consumption of small consusn these volumes are metered
continuously. The total feed-in minus the continslpumetered customers, minus the
calculated profile¥ (e.g. public lighting), minus calculated net lasskeaves the total
consumption of all profile customers connected he grid (see Figure 13). The
calculation holds for both the whole national gadd the distribution grids, but profile
customers are small consumers that are coupledetdistribution grids. Therefore, the
calculation is made for every distribution gridiaiofeed-in being the total electricity
volume supplied from the transmission grid througie or a few Grid Supply Points
(which are metered). The total consumption of peofiustomers then refers to all the
profile customers connected to the distribution gmder consideration.

The next step is to distribute this total consumptio the different profile customers by
means of the profile methodology.

As said, the assumed consumption of a profile carcdlculated by multiplying the
relevant profile fraction with the SYC. If the assed consumption volumes of all profile

13 The 'calculated profiles' are different from tlesumption profiles discussed here, because tleey ar
assigned to consumption with a stable, highly mtadlie pattern, such as public lighting.
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customers in the grid are added up, the 'Assumedilder Consumption' (APC) is
obtained. The Assumed Profiled Consumption is nowected with a factor, so that it
matches the determined total consumption of alfilpraustomers. This factor is called
the Metering Correction Factor (MCF), and the dsttion of the total determined
consumption among profile customers is called @erected Profiled Consumption’
(CPC). By multiplying the individual APC of profileustomers with the MCF, their share
of the total CPC is determined. The determinatibthe CPC is shown in Figure 14.

In the Corrected Profiled Consumption, the ‘actaalhsumption of all profile customers
of every PRP connected to the relevant regional gan be found. The regional grid
operators are therefore now able to inform Tenn®duathe actual electricity delivery to
profile customers belonging to one PRP, so tham&&ncan make up the balance for
each PRP and settle the imbalances.

A detailed calculation of the APC and the CPC caifdoind in Appendix B.
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Figure 14: Determination of Corrected Profiled Consimption from Assumed Profiled Consumption

2.4.5 Reconciliation

Because the distribution of the total consumptibprofile customers over the customers
of the different PRPs is only estimated by meanshefprofile methodology, it is not
exactly known if this total consumption is allochteistly between the different PRPs.
Also, it is uncertain if the consumers have paidirtisupplier for the exact amount of
electricity they have used. When the meter readuidgee profile customers are metered
once a year, however, the actual consumption besd&mewn and volume differences
can be settled. This settlement is called 'rectatich’.

Reconciliation is the settlement of the differendeetween the consumption
allocated to the PRPs on the basis of the profééhodology and the actual consumption
measured, between the PRPs, with a weighted AR gHVE 2002). These differences
become known whenever Metering Responsible Pafti#kPs) have metered and
validated the actual consumption of profile custsnehich has to be done at least once
a year, as laid down in the Metering Code. Datauabme actual consumption is sent to
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grid operators, PRPs and suppliers. Whenever knthendifferences are settled between
the PRPs, while suppliers settle with the profilstomers, so that in the end every party
has paid for the actually delivered electricitywoles.

The given description concerns the light variagntezonciliation, which is being
used in the Dutch electricity system. It is conabie that, next to volume correction,
imbalance correction take place as well: the heariant. But "because the recalculation
of the imbalance in hindsight is not feasible ipractical sense, the heavy variant is
discarded" (PVE 2002). This means that the reciaich process is not part of the
imbalance settlement instrument (see Figure 10).

2.4.6 Implications of DG penetration for profile meéhodology

The research focuses on the performance of thexda market design when a large-
scale penetration of distributed generation (DG)emyms at Dutch households.
Considering the fact that these households, evém tveir increased role of consumer-
generator, still fall under the group of profilestomers (according to the Metering
Code), the profile methodology would play a largele and its performance would
become more important. The DG penetration will make prediction of the net
consumption of profile customers more difficult,eavit were just for the fact that both
household production and consumption would theluémice the net consumption or net
production. But also the use of limitedly predid¢&al®G units could hinder accurate
prediction of net consumption. Most important, gatien would be unaccounted for
when the current Allocation process would stillused. Thus, the formation of accurate
E Programmes could become much more difficult dredrtet imbalances to be settled
could become much higher when domestic DG wouldrgenat large scale.

The questions arise if new consumption profilesuth@nd could be made for
household consumers with a DG unit. Also, it cancbesidered if generation profiles
could be made to account for domestic generatibe. f€asibility of all this will depend
on the similarity in consumption and generatiotofiseholds with a DG unit, the nature
of which is also uncertain.

Another measure improving the balancing market giegierformance in this
respect could be the requirement of daily readaigéers for DG owners: smart meters.
This might be an expensive option. On the otherdha@nwould not only solve the
possible difficulties for Programme Responsibilibyt also create the possibility for DG
owners to participate in the market for Regulatingd Reserve Power. Currently,
however, only monthly metering is required for dizited generation coupled with a
grid connection larger than 3 x 80 Ampere (whichanee for the low-voltage grid
connections of 230 Volt that the connection capashiould be more than 55.2 kW).
Most grid connections of profile customers are $enalvhich means that smart meters
do not have to be installed. Still, the Dutch Mirnysof Economic Affairs has decided to
do this, which is why this instalment is taken asassumption for the analysis (see
paragraph 3.4).
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2.4.7 Design variables for imbalance settlement arghtire balancing market

From the above description of the imbalance se#térmstrument, new design variables
are derived. Furthermore, some general balancingiehaesign variables are derived,
basing on the whole balancing market descripticthig chapter.

Regarding imbalance settlement, seven design \esiae found.

First, thedetermination of the imbalance prices a design variable that is concerned
with the way the imbalance prices are derivedhindurrent design, the imbalance prices
are based on the dispatch prices, depend on tkensygsate, and are complemented with
an incentive component. All this could be changed.

Second, the current allocation of imbalance castbased on the individual
imbalances of PRPs and on the actual electricityrmes measured and allocated by
means of the profile methodology. Thase of allocation of system imbalansenother
design variable, because other possibilities ekist.instance, the total imbalance costs
could be distributed evenly among market parties.

Third, thelength of the reconciliation periots a design variable, because this
length can be adapted when meter readings for holdeebecome known on a smaller
time scale than once a year. The use of smart mgtérings this possibility (see
Appendix C and paragraph 3.4 onward).

Fourth, thdength of the period for the assignment of profikea design variable
concerned with the time period for assigning pesfilto the profile customers and
possibly using newly created profiles. Currentlypt mater than in the third week of
January, April, July, and October, all grid operat@ombined submit a motivated
proposal to the conference platform about the j@®that will be used in the next quarter
of the year (see appendix B). The length might rieebe altered as a consequence of
increasing dynamics in residential consumption anodiuction patterns.

Fifth, thelength of the period for the assignments of S¥dbsbe adapted as well,
and thus forms another design variable. In theeowrdesign, the Standard Yearly
Consumption of a grid connection is determined bydithg the measured consumption
for that grid connection over the smallest possileasured consumption period of
minimally 120 days by the sum of the profile fract in the consumption profile over
the relevant period (see appendix B).

Finally, thestructure of the profile methodologynd theprovisions for smart
meteringare two design variables considered with two attéve ways of Allocation: by
means of profiles and by means of continuous nmeje8ee section 3.3.2 and further.

Regarding the entire Dutch balancing market, twsigfevariables are found.

The nature of balancing contrak concerned with the level of hierarchy, or ceiteal
control, in the Dutch electricity system. This dege on the involvement of government
(by means of regulation) and TenneT in maintairting system balance. Thevel of
interconnection with foreign balancing markessa last design variable. Currently, the
Dutch balancing market is not connected with otfedancing markets.

The total list of design variables for the DutcHan&ing market formed in this Chapter
can be found at the beginning of Chapter 5, whessigth options will be derived.
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2.5 Current operational performance of the Dutch bé&ncing market

Because emergency power is only deployed whenitiggesbuyer market for RRP fails

to solve the system imbalance during any PTU, timaber of PTUs that emergency
power has been deployed throughout the year isod gerformance indicator for the

performance of the single-buyer market for RRP. ij@ecy power had to be deployed
during 165 PTUs in 2002 and during 163 PTUs in 2002l these cases it was positive
emergency power (DTe 2004). In 2006, only in 33JBTemergency power has been
deployed*.

The net amount of Regulating and Reserve Powerighdgployed for all PTUs in a year
is an indicator for the size of system imbalanaeshie Dutch electricity system. For
2006, the net amount of RRP deployed for all PTéJshiown in Figure 15" It can be
seen there that most of the time, the system imbalappears to be rather small, and that
larger imbalances (amounts of deployed RRP) oczss the larger the size of deployed
RRP becomes. In numbers, during 3484 hours in 2806% of the time) there appears
to have been a net system imbalance smaller thakl\&0(between -50 and 50 MW;
number of PTUs divided by 4). Furthermore, negatigeimbalances larger than 50 MW
appear to have existed during 2987.5 hours (~34%heftime), and positive net
imbalances larger than 50 MW during 2288.5 hours6%2of the time). Negative
imbalances appear to have occurred during 475%H&4:3%), and positive imbalances
during 4001 hours (45.7%).

Having derived that the average measured elegtrigistem load in 2006 was
11,851 MW, and that the average amount of deployed RRP @6 2as -11.13 MW,
only 0.09 % of electricity flows/transactions appeto be settled by the RRP market.
This is the average, however: for large imbalanttes,is 1.5-3.5 % (see appendix A).
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Figure 15: Deployment of control power in 2006 (TemeT website)

14 Derived from electricity system performance dataievable on the TenneT website.
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The regulating space, being the available prodnat&pacity minus the capacity that is
utilized for electricity transactions and the owsnsumption behind the grid connection
points, has been 4,215 M¥Von average in 2006. The average net amount of RRP
deployed in 2006 was only -11.13 MW. This meang, tifawe assume that all the
regulating space has been offered as RRP, on a/0rdgo of the offered RRP has been
deployed. Of course, the actually deployed RRP halllarger than the net imbalance
shows, because transport restrictions have to bedas well, and not all available
capacity is offered as RRP to TenneT (partly beediudoes not meet the requirements).
Considering the fact that, in August 2003, the reifieamount of RRP had dropped to
below 700 MW during several days (DTe 2004), itkdedike it that the RRP margin is
much smaller than the regulating space, and thtieeassuringly large.

Table 2 presents the average monthly dispatch grioe deployment of RRP and
imbalance prices for the imbalances of PRPs. Thdyaverages are given as well. As is
expected, the average dispatch price for positoxgegp is much higher than the dispatch
price for negative power. As is also expected, dherage imbalance price for RRP
shortage is higher than the imbalance price for RRiplus, although the difference is
much smaller. This small difference can be expling the fact that the amount of RRP
deployed each PTU has not been taken into accadnmig it influences the prices (see
paragraph 2.3 and the causal diagram in Figure TBg volume weighted mean
imbalance prices for 2004 calculated by TenneT ioonthis: for PRP shortage it was
71.0 €/ MWh, and for PRP surplus it was 23.4 €/M\Mblgel 2004).

To stimulate the PRPs to prevent imbalance, thbalamce price for RRP
shortage should be significantly higher than theXA®&ay ahead price, while the
imbalance price for RRP surplus (which is paidie PRP) should be lower. As can be
seen in the table, this is just the case for therlyeaverage, but the volume weighted
mean imbalance prices are expected to show a ngmécant difference.

Months (of the | Dispatch price| Dispatch price | Imbalance price | Imbalance | APX day ahead

year 2006) positive negative power | for RRP price for price (monthly
power (€E/MWh) shortage RRP surplus| average base
(E/MWh) (E/MWh) (E/MWh) price; €/ MWh)

January 112.62 14.25 57.50 42.97 72.40

February 129.52 10.29 58.11 46.38 77.01

March 133.13 8.81 63.18 49.44 70.37

April 92.50 12.20 47.41 39.64 50.85

May 79.66 15.21 53.52 49.74 41.75

June 88.37 19.67 52.04 48.61 51.66

July 101.16 28.38 79.16 74.43 80.78

August 77.21 21.69 46.09 42.75 46.97

September 88.76 21.51 65.60 61.33 48.85

October 85.02 20.02 56.16 51.68 52.14

November 114.38 23.06 76.49 70.04 61.32

December 85.39 13.04 51.85 47.80 44.21

Yearly average | 98.98 17.34 58.93 52.07 58.19

Table 2: Average dispatch prices and imbalance pré&s in comparison with the APX price in 2006
(website TenneT 2006; website APX 2006)
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Price differences between Regulating Power and rReseower are not shown, but
Regulating Power is generally more expensive theseRe Power, because it should be
deployed automatically and it should meet morectstequirements. Also, Regulating
Power is used to solve the more unexpected systdralances, which are more critical.
This makes Regulating Power more important, and thare valuable.

The number of times emergency power has been degldlge involvement of the RRP
market, and the average amount of deployed RRBpgkkar to be relatively low. The
dispatch prices appear to give a good incentiveffer RRP, and the imbalance prices to
avoid imbalances, seeing the effects on the sizysitm imbalance. This shows that the
instruments of Programme Responsibility, the shiglger market for RRP and
imbalance settlement perform quite well.

More specifically, more negative RRP has been deplothan positive RRP,
which means that the system was more often 'laowil (production was larger than total
consumption) than 'short' (total production was Imahan total consumption). A
diagram like Figure 15 Jasper Frunt has made ®iyé&ars 2003, 2004 and 2005 (Jasper
Frunt 2005, figure 5.7) shows a similar pictureisTis the desired situation: it means that
market parties are effectively stimulated by thghler imbalance costs for RRP shortages
to have a RRP excess rather than a RRP shortage.

The RRP margin should be optimal, rather than makira too high margin
brings excessively higher costs for only a marggeih in system reliability. Thus, the
fact that emergency power has been deployed at 8drs, does not have to mean that
the operational performance of the current balapamarket design is suboptimal. It is
concluded here that the current Dutch balancingketgperforms satisfactorily in the
current, centralized Dutch electricity system.
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3. Balancing market requirements

In this chapter, the second sub question, "Whighirements are posed to the balancing
market design, and in what way will these requinetmechange if a large-scale DG
penetration emerges at Dutch households?’, is aedwé/ith help of these requirements,
a set of performance criteria is formed that wel issed to analyze the effects of large-
scale DG penetration at households in the nexttehap

This chapter starts with some definitions in pasgb 3.1. Then, requirements for
the whole Dutch electricity system are discusse@daragraph 3.2. These are important
for putting the analysis into perspective, and dngwboundaries for the analysis. After
that, in paragraph 3.3 the performance criterialierDutch balancing market design are
given. These are derived from a formed list of ballag market requirements, which is
presented in appendix C. Finally, in paragraph $d system to be analyzed is
delineated, and included factors and relationsaipsdiscussed for a future decentralized
system.

3.1 Definitions

Performance Dutch electricity system
The overall performance of the whole Dutch elettirisystem, including technical,
economical and environmental performance

Operational performance balancing market
The short-term performance of the balancing madatsisting here of short-term
reliability and short-term economical performance

Regulating space

Is the available production capacity minus the cdpahat is utilized for electricity
transactions, minus the own consumption behindgjtiteconnection points for that
production capacity.

RRP margin
The difference between the offered amount of RRPthe deployed amount of RRP

System reliability
The guaranteed availability and quality of eleatyisupply to all consumers at all times

Short-term reliability
The efficiency and effectiveness of system balapairthe Dutch electricity system
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3.2 Requirements for the Dutch electricity system

The goals-tree in

Figure 16 shows the most important system requingsn@.e., goals) for the Dutch
electricity system. A high operational performa¢ehis system, the main goal for this
system, is split up into two different types of fpemance: economical performance and
technical performance. This is not to say that mmwnental and social goals are not
important, or do not play a part in this systeme ®tructure of the goals-tree merely
serves to show what type of goals are importantferDutch electricity system, so that
the goals for the balancing market specifying therational performance for can be put
into perspective. The effects of large-scale patietn of distributed generation on the
environmental performance of the system will ndtuence the functioning of the Dutch
balancing market as much in the short term.

High operational
performance
Dutch electricity
system
High economical [RLE .
technological
performance
performance
Low system IRIE ’ Low electricity High safety High system High energy
economic : o .
costs . prices level reliability efficiency
efficiency
Low Low Low Low system . Lo . . High
transportati | | connection network operation (Rl GERCS | (IR [pIETy IR ngtwork H.'g.h. predictability &
transparency market stability flexibility P
on costs costs costs costs controllability
ey ey Low transport
network expansion & 5 stemp Low balancing
integration || replacement 4 service costs
service costs
costs costs

Figure 16: goals-tree for the Dutch electricity sym

A high technological performance is reached byrdadization of a high safety level of
the system, high energy efficiency of the energyveosion processes, and high system
reliability. Energy efficiency can be deemed amiladte of electricity generation units,
power lines and other equipment, and thereforeidered a technical goal. However, of
interest to this research is the goal of high systeliability, which is divided here in a
high network stability, high flexibility, and higpredictability & controllability. System
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reliability is defined here as the guaranteed abdlity and quality of electricity supply to
all consumers at all times. Under network stabilgyunderstood technical stability,
power quality and redundancy of the network. Hilgxibility is reached when there is
ample opportunity to reach system reliability, fostance by having enough reserve
capacity and spare interconnection capacity. HRinalhigh predictability and
controllability of electricity production and conmaption is of importance for the ability
to balance supply and demand, and is thereforenportant requirement.

Looking at the goal of high economical performanioev system costs, high
economic efficiency and low electricity prices areportant sub goals. The Dutch
government strives for low consumer prices, and \dwolesale prices are important for
the competitiveness of the Dutch electricity markeigh economic efficiency is also
advocated by government, because it will lead teefocosts and pric&s It can be
pursued by increasing market transparency anddityu{realized by a large number of
market players), which will increase competitivenes

System costs can be split up in transportationisc@®nnection costs, network
costs, and system operation costs. These goalk gpethemselves: transportation costs
are the costs of transporting a certain volumedexftacity, connection costs are the costs
of making a grid connection for production or camgdion, network costs are costs
related to the physical infrastructure, and syst@eration costs are costs of operating the
system. Network costs can be divided in networkaesppn and replacement costs, and
the costs of integrating new technologies likeribsted generation. This is of interest for
the research, but most are the balancing servs.c8ystem operation is mainly the task
of the TSO TenneT, and consists of system servicesafeguard safe and efficient
electricity transport across all nets and to sata@sport capacity restrictions (transport
system services), and of system services to balamgply and demand on an national
level (balancing servicesYith balancing service costs are meant all thescoside for
operating the Dutch balancing market, which furrctib is to safeguard the system
balance in an effective and cost efficient way.

15 n fact, this has been an important, if not thesmimportant, reason to liberalize the electricitgrket,
conform to the common belief that the market isenost efficient than public provision.
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3.3 Balancing market requirements

In this paragraph, the requirements for the Dutlaricing market design are considered.
For this purpose, first a goals-tree for the balagenarket is presented and described.
This is put in subsection 3.3.1. Then, in 3.3.2,afeperformance criteria for a Dutch
balancing market is given and discussed. Theseoneahce criteria will be used to
valuate operational performance of the balancingketain the scenario analysis in
Chapter 4.

3.3.1 Goals for the Dutch balancing market design

As follows from the main research question, themgmal for the balancing market is a

high operational performance. The operational perémce of the balancing market

depends on the effectiveness and efficiency witltlwvthe system balance is maintained,
which is a short-term perspective. Furthermore, thest important sub-goals are

concerned with the technical aspect of reliabifityd the economical aspects of market
efficiency, costs and benefits. See the goalsiré&egure 17.

For the goals-tree of the Dutch balancing marksigie the operational performance is
not divided in technical and economical performasueh as in the goals-tree for the
whole electricity system, but in a high operatiopafformance for each of the three
instruments the balancing market consists of: Riogne Responsibility, the single-buyer
market for Regulating and Reserve Power (RRP) aridliance settlement. This division
enables us to consider the instruments separateigh is useful for a detailed analysis
of effects of DG penetration in the next chapteshbuld be noted, though, that the goals
included are technical and economical goals, witah be placed somewhere in the
overarching goals-tree for the whole electricitysteyn. As has been said in the last
paragraph, balancing market goals fall primarilydemn‘low balancing service costs’,
‘low network integration costs’, and ‘high systesdiability’ and its underlying goals,
while ‘high economic efficiency’ and ‘low electrigi prices’ are relevant as well. This
interrelation will come up again in paragraph 3.4.

First, a high operational performance of the Progne Responsibility instrument is
strived for by increasing the accuracy of the EgPammmes and decreasing its costs. A
high accuracy of E Programmes can be achievednifade and supply are predictable
and controllable, if the intraday market is larg@egh to enable day-ahead balancing on
this market by PRPs, and if PRPs have good posigbiffor internal balancing. Low
costs are both low costs for PRPs to formulate &gfammes conformable to the
requirements of TenneT and low costs for Tenneddtinister all the E Programmes for
the purpose of maintaining the system balance eatilihg imbalances.

Secondly, a high operational performance of thglstbuyer market for RRP can
be achieved by high quality bids of RRP and by pimmal RRP margin. The goal of high
quality bids consists of the sub goals of compkaméth the bidding requirements of
TenneT and a high number of bids, which will ineea&RRP market efficiency and
system reliability. The RRP margin is the marginween the offered amount of RRP
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and the deployed amount of RRPThe RRP margin should be ‘optimal’ in the wayttha
it should be large enough to guarantee that systelpalances can be solved by the
market for RRP, and that is should not so largesbppliers of RRP bear too high costs.
After all, parties who have offered RRP which haslveen deployed do not receive any
compensation at all, even though they have missednues for not operating that
capacity. Thus, the mentioned costs are ‘opportuaasts’: missed revenues.

Third, a high operational performance of the imbak settlement process is
achieved by a just distribution of imbalance cosfstjmal imbalance prices and timely
imbalance settlement. A just distribution of imlyada costs is reached when the process
of Allocation effectively allocates the system intdrace to the PRPs responsible for it,
which also leads to lower reconciliation costs.djla just settlement of the imbalance
costs contributes to this goal. Next, the goal mtfroal imbalance prices holds that these
prices should be high enough to create an effedtancial incentive for the PRPs to
maintain their balance, but should not be so hingth PRPs are faced with high imbalance
costs beyond proportions. Then, timely settlememt be realized by the sub goals of
high transparency and low costs of delays in se#ld. Transparency can be aimed for
by keeping the rules and the process as simplesslje, low costs of the unavoidable
time delay in settlement by settling as quicklyassible.

Finally, a balancing market level aspect that igatyeimplicitly reflected in the goals-
tree is the inclusion of the balancing costs infthal consumer electricity prices. If low
electricity prices are to develop, costs for theragion of the various tasks and processes
within the Dutch balancing market should be low,ickhcan be realized through high
efficiency of the processes.

While the imbalance costs are allocated to the PRREsrding to their imbalances, there
are also central costs made by TenneT for adménisir and operation of the bidding
procedure for the market for RRP, the checking dPregrammes, and the imbalance
settlement process. These costs are distributeclye@enong parties, because these are
institutional costs for the benefit of all. Theyositd be as low as possible, which again
can be achieved by simple procedures, althoughdhatild not be at the expense of
balancing market efficiency or effectiveness.

'8 The RRP margin should not be confused with thelegimg space, which is the available production
capacity minus the capacity utilized for transatdiand minus the own consumption, and therefaae is
indicator of available RRP. However, the amounbfééred RRP is smaller than the available free
production capacity. See paragraph 2.5.
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3.3.2 Set of performance criteria for the analysis

The goals reflected in the goals-tree for the Dubethancing market above can be
transferred into a list of requirements for the dutbalancing market. This list of
requirements represents the requirements that ehChdlancing market design should
meet in order to have a high operational perforragand can be found in appendix C.

The list of requirements is impractical for the uation of the different DG
scenarios in the next chapter. The system to blyzethis too complicated to allow an
exact valuation of those detailed requirements.tkersame reason, quantification of the
effects of different DG scenarios on the operatigesformance of the Dutch balancing
market design is not feasible in this researcheeitiivhat the analysis does allow is a
gualitative valuation of the general effects. Thduation of some basic performance
criteria, based on the requirements above, wilieloee serve as the basis for valuation in
the analysis.

The list of requirements is reduced to a short gederal set of performance
criteria; see the effects table in Table 3. Thisiseorganized in criteria for the three
different balancing market instruments. The adddianetering requirements included in
the list of requirements are considered under iarx# settlement, and the additional
technical requirements under the market for Reggaind Reserve Power (see appendix
C). First, the performance criteria will be expkdn Then, the relative weights of these
criteria for the operational performance of theabalng market are discussed.

The effect of DG penetration on the predictabildf production and consumption
concerns the relative influence of this penetratmm the overall predictability of
electricity production and consumption in the Dutelectricity system. The more
predictable production and consumption are, théebefenerators, suppliers and PRPs
can balance supply and demand a-priori. Furtherpergood predictability leads to a
higher accuracy of E Programmes. However, this racguis also determined by the
possibility to shift consumption and generationd @o balance supply and demand
internally after closure of the day ahead markehe Tcosts of the Programme
Responsibility instrument are determined by the Inemof altered E Programmes the
PRPs submit. These include the extra costs TenasTidimake to maintain the system
balance, which becomes harder when the initialdgRimmes become more inaccurate.
For the single-buyer market for Regulating andsdRee Power, a first
performance criterion is the network stability, eiinrepresents all the technical effects of
the DG penetration on the functioning of the eleatrinfrastructure: the effect on
available transport capacity, power quality (fregme and voltage stability, current
levels, reactive power), and transient stabilityisTcriterion also influences both the
amount of RRP offered in the single-buyer marked #re amount of RRP deployed,
because it has effect on the possibilities of RR®ipion and on the number and size of
system imbalances. The amount of RRP offered, ansecriterion, is also influenced by
the availability of central power plants (which determined by the match between
system supply and demand over time) and the ptisibior the use of DG as RRP. An
obvious third performance criterion is the amouhR&P deployed, which depends on
the number and size of system imbalances, andaasiine transport restrictions. The
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administrative costs of the RRP market will be highen the number of RRP bids is
high.

The effects of domestic DG penetration on imbadasettlement are valuated with
three performance criteria: the accuracy of thecalion, the imbalance costs, and the
costs of allocation. The accuracy of allocation etefs on the effectiveness of the
allocation process, which can either be done wittfilps (as is currently done) or by
means of smart metering (see appendix C). Thigndtgin is highly important for the
performance of the imbalance settlement, and isudsed in sub paragraph 4.2.4. The
imbalance costs depend on the amount of RRP (aedgemcy power) deployed, and on
the liquidity of the RRP market. The costs of adittan are heavily influenced by the
choice for an allocation method.

As can be seen in Table 3, the valuation of alldifferent performance criteria adds up
to a score for the total effect of DG penetratiantbe operational performance of the
Dutch balancing market. The effect on each critendl be assigned a value from -10 to
10 depending on the magnitude of the effect andditextion, i.e. whether the effect is
positive or negative. Of course, lower costs ahigaer reliability level are positive. The
valuation will be done for each of the four sceagriand within each scenario for the two
extreme allocation methods: allocation by meteramgl allocation by profiling (see
Chapter 4).

It should be reminded that tleéfectsof a large-scale introduction of DG at Dutch
households are valuated. This means the relatiangeh in value of the different
performance criteria from the current situationhwiit DG to a situation with DG.

Finally, the different performance criteria shollel assigned different weights, because
their contribution to the operational performant¢éhe Dutch balancing market design is
different. The criteria can be divided into religtgi and economic criteria, as the
‘intermediate’ criteria “short-term economic perfance” and “short-term reliability”
indicate. The short-term economic performance &t®msof the costs of Programme
Responsibility, the costs of the RRP market, thdalance costs and the costs of
allocation. Although the choice for weights areiathvial, it is clear that short-term
reliability is more important than short-term ecomo performance, and therefore has a
higher aggregate weight.

The individual performance criteria are given a@glieon a 1 to 5 scale. A ‘1’ is
assigned to the least important criteria and ad5he most important ones. The accuracy
of E Programmes, the network stability and the RiR€red are deemed most important.
Costs are generally found least important, but larize costs are borne by the market
players and affect market efficiency and the opssr@ the market, which is why this
criterion is weighted higher.

Of course, the choice of weights influences thelteffects of DG penetration
calculated in the analysis, as do the values gteetine different performance criteria.
This should be remembered when considering theomds of the analysis, i.e. the
aggregate effect of DG penetration scenarios opleeational performance of the Dutch
balancing market design.
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Performance criteria weight | Scenario A Scenario B Scenario C Scenario D
Allocation option profiling metering | profiling metering | profiling metering | profiling metering

Programme Responsibility effects

Predictability production & consumption| 3

Accuracy E Programmes 5

Costs of Programme Responsibility 1

Single-buyer market for RRP effects

Network stability 5

RRP offered 5

RRP deployed 4

Costs of single-buyer market for RRP |1

Imbalance settlement effects

Accuracy allocation 3

Imbalance costs 3

Costs of allocation 1

Effects Dutch balancing market

Short-term economic performance 6

Short-term reliability 25

Operational performance

balancing market design 31

Table 3: Effect table for the valuation of balancig market performance criteria in different

scenarios

The chosen effect valuation structure is argudhilest and foremost, it must be kept in
mind that the used valuation method in the formaofeighted effects table is a very
rough way of analyzing the effects of DG penetratim the operational performance of
the Dutch balancing market design. A more detaaled quantitative valuation is deemed
unfeasible here. However, this qualitative valuatwill suffice for the answering the
main research question of this research: Whichnioailg market design will have a high
operational performance for a large-scale penetraf distributed generation at
households in the Dutch electricity system? In gainéhe more negative the effects, the
more changes in the current balancing market demigmeeded, and the more rigorous
the nature of theses changes should be. If allctsffevould be positive, the current
balancing market design could very well be the best

Furthermore, the chosen weights are based onniatton about the Dutch
balancing market, but have not been validated Ipeeg due to a lack of time. Besides,
there are not that many experts with a good overvidoreover, the choice of weights is
a major simplification of the relative importancé lmalancing market aspects, and
therefore a bit subjective.

A final remark regarding the effect valuation sture concerns the use of a -10 to
10 scale for the valuation of the effects. A smadleale could have been chosen, but to
the opinion of the author the possible differenicesffects of different size for the four
DG scenarios favour the use of a larger scale.
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3.4 Definition of the system boundaries for the argsis

The analysis in the next chapter comprises thestiyegtion of the effects of large-scale

domestic DG penetration on the operational perfomeaof the Dutch balancing market

design. The effects will be valuated by means efgarformance criteria listed above. In

this paragraph, the system boundaries will be drBwmescribing the relevant system

factors and their relationships in a causal diagramaddition, this causal diagram

provides an additional handle for the analysishef balancing market performance in a
decentralized situation. Before the definition bk tsystem boundaries, some system
assumptions are made. By all this, the system tanadyzed, i.e. the Dutch balancing

market design in several DG scenarios, is defined.

System assumptions
The following system assumptions are used. Theg@oiined below.

* The system environment outside the system bourglaieains the same.

» The distribution of the costs and benefits of D@assidered to be settled justly.

* Household consumers with a DG unit will remain cected to the grid

* Every household will have a smart meter, with wmoéter readings can be read
remotely at least every fifteen minutes, consursarsbe remotely connected and
(partially) disconnected consumers, and price amddyction/consumption
information can be exchanged in both directionsal-time.

The system boundaries define the system to be zsthl\yOutside these boundaries lies
the system environment. It is assumed that theesysinvironment remains the same.
Thereby, also the current production capacity,dpant capacity and electricity demand
within the Dutch electricity system are assumerktoain (approximately) the same.

Second, it is assumed that the costs and bendfidGoare distributed justly
among the stakeholders, and that a profitable made DG units has arisen. It is
assumed that this was a required precondition dierofor the large-scale domestic DG
penetration to arise. It must be remarked that disribution does not include the still
unknown technical effects of the large-scale irdégn of DG.

Household consumers with a DG unit are assumeaert@in connected to the
distribution grid, even though it might be possibe them to disconnect and generate
precisely the amount of electricity they need fugrselves. It is not realistic to assume
that consumers want to be disconnected, becaussjdening the DG technologies
included, PV-cells are intermittent and micro-CHMtsl bring along restrictions related
to the heat demand.

Finally, it is assumed that every household wiéa smart meter, with which
meter readings can be read from distance evergefiftminutes, consumers can be
connected and (partially) disconnected from disgtarend price and production and
consumption information can be exchanged in botéctions. This assumption follows
the aim of the Dutch Ministry of Economic Affair&rfergie Nederland 2007), see
appendix C.
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System boundaries

The system boundaries of the system to be analydete defined here. It consists of
the Dutch balancing market design in a decentrdlgitiation and the effects of the DG
penetration on this design. The system boundagaegs hlready been set by means of the
given requirements and performance criteria for@okch balancing market design, but
will be defined here in terms of system factors agldtionships. This is done by means
of a causal diagram, which is presented in FiguB %hown are the expected
interrelations without consideration of the anayssults.

A causal diagram consists of factors, arrows, agitipe/negative signs. The factors are
presented in ovals. The arrows and signs inditetedausal relationships between factors
in the following way: If an arrow with a positivéga points from factor A to factor B,
factor B will increase is factor A increases, aretréase if factor A decreases. If an
arrow with a negative sign points from factor Afextor B, factor B will decrease if
factor A increases, and vice versa. A question nradicates that the causal relationship
between the respective factors is uncertain or owk

'‘Operational performance balancing market' is tl@nnoutput variable of the system,
which the analysis aims to determine for differB@ scenarios. As has been underlined
in paragraph 3.3, this operational performance ordgrporates the short-term economic
performance and the short-term reliability of theitdh balancing market design.
Therefore it merely contributes to overall systeghability, a higher system variable.
Other system variables included are the heighhefdlectricity price and the network
integration costs for the DG penetration. Highetegnation costs will lead to higher
electricity prices (and tariffs).

Two external variables are the penetration levePdfcells and the penetration
level of micro-CHP. These factors originate frora ihiG scenarios in Chapter 4 and form
the starting point of the analysis. The penetratexel of PV or micro-CHP will have
effects on the network integration costs, the powelity, operational flexibility of the
electricity system, the predictability and contability of production, and on the
accuracy of profiles. Profiles will be less accarat the prediction and allocation of
production and consumption in a distribution netwibmore consumers have installed a
DG unit. This is related to the limited predictalyiland controllability of PV cells and
micro-CHP. Still, micro-CHP, and especially eleditgi-led CHP, is relatively predictable
and controllable.

The factor 'system imbalance volume' represemsathount of system imbalance
that occurs in the system, and reflects the abaity which PRPs are able to plan and
keep to the E Programmes. It therefore is a determbiof system reliability. The amount
is increased if production and consumption are pgsslictable and controllable, and if
the network stability (affected by the DG techngfpdecreases. More system imbalance
means that more RRP has to be deployed by meariseo$ingle-buyer market for
Regulating and Reserve Power.

'System balancing costs' is the main economic fantthe system. It negatively
influences the operational performance of the ategmarket design, and also increases
the height of the electricity prices.
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The volume of the deployed RRP depends on the cfizbe system imbalance, and
influences the imbalance costs for the PRPs, perduand consumers. The higher this
volume, the higher the system balancing costs, lwimicludes the imbalance costs. These
higher imbalance costs are also indirectly causedthb higher volume that has to be
settled with the imbalance settlement process. jibness of allocation will then be
reduced. This in turn decreases the effectivenéssilmalance settlement, because the
wrong distribution of imbalance costs is not setilethe reconciliation process.

Further, a higher volume of deployed RRP leads kigher imbalance price by
means of the bid ladder mechanism. This, in tuit Jead to more RRP being offered by
PRPs who want to receive the higher dispatch pites will however decrease the
imbalance price again. The volume of deployed RR& the volume of offered RRP
together form the RRP margin, which is definedles difference between the two. As
stated by one of the requirements, this RRP masigould be optimal, because a higher
margin leads to higher costs, but also to a higlystem reliability level. Besides, the
high costs of deploying emergency power are avoided

Three instrument variables (variables which candbectly influenced by the
relevant actors) are included in the causal diagiidme first is called 'Number of rules for
Programme Responsibility’, and is concerned wighrdguirements that should be met by
PRPs for the formation and submission of E Programnit is argued that a higher
number of rules for Programme Responsibility resuft a higher system imbalance
volume, because it will be harder to form correcPEgrammes, and also to send in
altered E Programmes. The second instrument variabl the stringency of the
requirements for bids of RRP: the stricter the nements, the lower the volume or RRP
offered. Also, the number of bidders will decredsea higher stringency, which will
further decrease the volume of offered RRP, anekpgected to increase the imbalance
price. This is because the bidders will know tlmgirt bids have a higher chance to be
deployed.

The third instrument variable is the use of prafiend smart meters. Although smart
metering can replace the use of consumption psofde the allocation of consumption,

the two instruments are not mutually exclusivengsgprofiles can still have value when
smart metering has become common practice. Howevieether effects of the use of
profiles and smart metering on the predictabilityconsumption and production, on the
justness of the allocation and on system balancogjs will be generally positive or

negative, is unclear. What will be the effects d& [penetration on the usefulness of
different smart metering and profiling options faremn important part of the analysis.

The causal diagram presented and discussed abowe shat the interrelations between

the system variables are diverse and many, andbeaexpected to lead to dynamic

system behaviour that is difficult to predict. Tlaege-scale introduction of domestic DG

and the roll-out of smart meters are the system@és of interest in the coming analysis.
It is clear that the causal diagram is a strongp8fication of the system. But because of
this, it is useful as an illustration of the systémundaries, and as a handle for the
analysis of the effects of domestic DG penetratinrthe operational performance of the
Dutch balancing market design.
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4. Analysis of the effects of DG penetration on bahcing
market performance

Before the definition of distributed generation disen the research is given and
rationalized, it should first be underlined tha¢ tierm ‘distributed generation’ not only
has been given many definitions in both literatanel in practice, there are also quite a
few synonyms for distributed generation. Dispergederation, embedded generation and
decentralized generation are regularly used onese,Honly the mostly used term
‘distributed generation’ and its abbreviation ‘D@ill be used.

The term ‘distributed generation’ has been defirdflerently by different
authors. It has been called “power generation cated with demand” (Zerriffi,
Dowlatabadi and Farrell 2005 p.63), “a generic tésnmsmall-scale electricity production
technologies that can be located near the poiehdfuse” (Morgan, Apt and Lave 2005
p.42), and “small-scale power generation plardanected to the distribution network or
at the customer side of the network” (Ten Donkeld¥¥4, p. 323).

As specified in the research introduction, an ashdorm of the definition of Ten

Donkelaar (2004) will be used for distributed gexi@n: ‘small-scale power generation
at households, coupled to the low-voltage grid’isTdefinition is used because the
research is restricted to DG at households, whiehusually connected to the low-
voltage distribution network.

Different distributed generation technologies £xBV cells, micro-CHP units,
wind turbines, hydropower, geothermal power, an@lsatale steam turbines. For the
purpose of the research, attention will be drawmards photovoltaics (PV) and micro-
Combined Heat and Power (CHP). These two DG tecigied have the largest potential
for large-scale penetration at households, as ielwirecognized by experts and
researchers (e.g., Choudhury and Andrews 2002).

The focus lies here on distributed generation atshbolds, sometimes defined as
'micro generation'. However, to avoid confusionhwibhe concept of micro-CHP (also
referred to as 'micro-cogeneration’), the termsduse this research are 'distributed
generation at households' or 'domestic DG'. Thgelacale introduction possibility,
uncertain performance and production/consumptidtepes, and different metering and
profiling options make DG at households a very redéng subset of distributed
generation.

In order to analyze the effects of large-scale B@&gpration at Dutch households on the
operational performance of the Dutch balancing miatke composed DG scenarios will
reflect different directions in which domestic DGuid develop in the Netherlands. Thus,
the composed scenarios are limited in the followirays:

= Only photovoltaic cells (PV cells) and micro-CHPitarare included, because they
have the highest potential for households.

= Only DG installed at households is considered, @t at supplier or grid operator
sites, because that has different features andvimemaand is installed for other
reasons (grid support, peak shaving and mediune-saattricity supply, instead of
small-scale consumption).
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In this chapter, first the definitions used areegivn paragraph 4.1. Then, in paragraph
4.2, the used distributed generation scenarioghtnauced (4.2.1), the plausibility of the

scenarios is described (4.2.2), general changdkeirsystem due to the domestic DG
penetration are indicated (4.2.3), and the two calion methods considered are
introduced (4.2.4). Subsequently, the qualitaticenario analysis is described in

paragraph 4.3. Finally, paragraph 4.4 gives théyaisaresults.

4.1 Definitions

The following terms are generally used in varioogrses, but ‘official’ definitions have
not been found. The definitions below are tuneth&scope of the analysis.

Distributed generation (DG) unit
The distributed generation installation, being @ith micro-CHP unit or a PV cell

Photovoltaic (PV) cell
A DG unit that converts photons in sunlight dirgétito electricity

Micro-Combined Heat and Power (CHP) unit
A DG unit that converts the chemical energy in raltgas into electricity and heat

Consumer-generator
A household consumer who has a DG unit installduisrhouse

Smart meter

An electronic meter with which meter readings candad remotely at least every fifteen
minutes, with which consumers can be remotely coi@oeand (partially) disconnected,
and price%and production/consumption informatiom lsa exchanged in both directions in
real-tim

Profile
Either a consumption profile, a generation profilea net profile, used to account for the
consumption and/or production of the consumer-gener

Net profile
A profile that reflects the net production/consuimptpattern of a group of consumer-
generators throughout the year

Export
The injection of electricity into the distributigrid by consumer-generators

71t is assumed that smart meters will have the ioretl features (see paragraph 3.5). Thus, the given
definition is by no means a general definition ciaart meter.
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Import
The withdrawal of electricity from the distributiovetwork by consumer-generators

Bi-directional meter
A meter that registers the net production/consuonfti

Import/export meter
A meter that registers the imported or exportedtataty

Generation meter
A meter that registers the production of a DG unit

Net exchange
The net imported/exported electricity volume

Allocation by profiling
The use of profiles for the allocation of electyorolumes to profile customers,
including the generation of consumer-generators

Allocation by metering

The use of smart metering for the allocation ot&leity volumes to the former profile
customers, including the consumer-generators, stngiof the transmission of meter
readings for each PTU and the communication oftiesd prices

'8 This meter runs backwards if electricity is expdttThis is generally referred to as 'net metering'
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4.2 Distributed generation scenarios

4.2.1 Introduction scenarios

Although the creation of realistic and useful digited generation scenarios could take
the form of a small study on its own, for the puwpmf this research the use of some
simple scenarios suffice. The used scenarios censigime distinct directions in which
domestic DG in the Netherlands could evolve, sa tha possible effects on the
operational performance of the balancing market amalyzed in a more complete
manner. The scenarios are presented below.

For all scenarios, it is assumed that the DG wmterged are distributed evenly
among distribution networks in the Netherlands. dsscelectricity is fed back into the
distribution grid, while excess heat is either stbin a heat buffer or released into the
environment. Furthermore, it is assumed that, damgig the use of profiles and smart
meters, all households have a smart meter, whlalale to transmit the meter reading(s)
every 15 minutes (see paragraph 3.4). Finallyg @ssumed that two million DG units of
1 kilowatt (kW) have been installed at as many kbotds in each scenario, which is
approximately 30 % of all Dutch households. WithkW' is meant 'l kW' electrical
power, officially indicated by 'k\y/. When thermal energy is meant, the unit {KWill
be used. The total production capacity of the DGius 2,000 MW.

Scenario A: PV cdlls

Two million households have a 1 kW PV cell. Thisamg 30% of all Dutch household
consumers has a PV cell. The PV cells are operhtedhe household consumers
themselves, and do not produce any usable pro@att h

Scenario B: Heat-led micro-CHP

Two million households have a 1 kW micro-CHP unising a heat-led operating

strategy. This means that 30 % of all Dutch houkebonsumers has a micro-CHP unit,
which is primary operated to cover the heat denmardtiwhich generates electricity as a
secondary product.

Scenario C: Electricity-led micro-CHP operated by consumer
Two million households have a 1 kW micro-CHP unperated by the consumer, using
an electricity-led operating strategy. This meahat t30 % of all Dutch household
consumers has a micro-CHP unit, which is primargrafed to cover the electricity
demand and which produces heat as a secondarygbrodu

Scenario D: Electricity-led micro-CHP operated by supplier

Two million households have a 1 kW micro-CHP uapierated by the supplier, using an
electricity-led operating strategy. This means tlR& % of all Dutch household
consumers has a micro-CHP unit, which the suppm@erates to primarily generate
electricity for both the local household demand eegional/national system demand, and
which produces heat as a secondary product.
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4.2.2 Plausibility of the scenarios

The construction of the scenarios has been ratnaigistforward: they follow directly
from distributed generation technologies, systemd aonfigurations considered in
literature and in real life. Photovoltaics (PV) andcro-Combined Heat and Power
(CHP) are considered the two DG technologies withliighest potential for residential
application (see e.g. Choudhury and Andrews 2002)rthermore, heat-led and
electricity-led control are two well-known opergjirstrategies for micro-CHP with
different implications for electricity productioma consumption (see e.g. Hawkes and
Leach 2005). Finally, control of the micro-CHP uhit the supplier is also considered,
which could have very different implications for Ddgperation as well. The plausibility
of the four scenarios is discussed in detail below.

Scenario A

Generally, solar power is thought to have the ldwestential of penetrating the
electricity market. For an important part, this hasdo with the high costs of the
technology: investment costs are with 5,000-7,00KWE, the most expensive DG
technology (Pepermans et al. 2005). If this leada profitable investment, depends on
the lifetime of PV cell, the solar radiation leviige efficiency of energy conversion, the
consumer electricity price and the feed-in taiitie development of PV cells depends for
an important part on regulation: Germany, whichhigh feed-in tariff for solar power,
had in 2006 1,930 MW of PV, against 46 MW in thahéelands (Ummels 2006).

Next to cost regulation, cost reductions could helgntroduce PV on a large
scale. According to Gross, Leach and Bauen (20B2), appears to offer tremendous
potential for long-term cost reduction through nergrowth and innovation over the
next 10-20 years" (p.121). Technological developmerould increase the electrical
efficiency of the PV cell.

In de Noord, Beurskens and de Vries (2003) the ldpweent of PV in the
Netherlands is assumed to lead to 1.2 GW in 202858 GW in 2030. Considering the
capacity size of single cells, the assumed 1 kWcBN is standard: the typical system
dimensions are between 1 and 3 k{¥ogi Goswami 2003, p. 243).

Viewing all this, two million PV cells of 1 kW ati@ch households is a plausible
scenario. When comparing this DG technology witlkerodCHP, photovoltaics are more
expensive but renewable, and therefore more liteelye introduced on the longer term.

Scenario B

The first thing to mention about the probability oficro-CHP penetration in the
Netherlands is its apparent competition with comee@l (condensing) boilers and
district heating.

A precondition for micro-CHP penetration to arisethe Netherlands is that it
should have added value compared to the currerit Hificiency boiler (in Dutch: ‘HR-
ketel’), which already delivers a high energy eéficy for heat supply in households. As
will be shown, the electricity generated by micreCprovides that advantage.
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Also, micro-CHP should have added value in comparigith regional CHP,
which generates electricity on a medium-voltageelleand generates heat for supply
through district heating systems. According to Mastand Cames (2000), micro-CHP is
a fall-back option for when centralized CHP is agtilable, because the latter may be
ecologically superior (Pehnt et al. 2006, p. 37Mwdver, the heat pipeline infrastructure
is expensive, and for consumers with relatively loeat demand heat distribution losses
are significant.

Next, the probability of a penetration of two moli 1 kW, micro-CHP units at as many
Dutch households can be considered.

According to Choudhury and Andrews (2002), "somehautative estimates

indicate a potential market in Europe for micro-CHiIBne of 1 million units per year
with an ultimate installed capacity of a similarakc to that of the present nuclear
industry” (p.1). Moreover, scenarios with more ttao million micro-CHP units in the
Netherlands are considered in De Jong et al. (208@&rt from that, Schneider (2006)
states that the size of 1 kWs well-suited to single-family houses (Pehnt le2806, p.
68). Apparently, a scenario in which two million O households have a 1 kW micro-
CHP unit is not unlikely.
When compared to photovoltaics, micro-CHP is alyeadst-competitive and can
therefore be introduced in a shorter time framd,itsuscope is more limited than PV.
After all, natural gas is the favourable fuel foetproduction of electricity and heat in
micro-CHP units, and when this fossil fuel runs ,omicro-CHP can become
prohibitively expensive.

The heat-led operating strategy is the strategyd use the small base of currently
operating micro-CHP units. It is the most 'natuoglerating strategy, because it increases
the contribution of product heat to heat demancecamye compared to the contribution of
the conventional boiler, so that the high enerdiciehcy advantage of micro-CHP is
maximally utilized. Besides, a high amount of dledy is produced for own
consumption and export, which cuts on the totatgneosts for the consumer-generator.

Scenario C

The analysis of scenario C is partly based on ¢hacenario B, because both consider
micro-CHP penetration at two million Dutch housetsolin fact, these two scenarios
only differ in operating strategy, which will be g®gible to change: it will probably be
possible for consumer-generators (or suppliersetahe micro-CHP system in different
modes, where a heat-led mode and an electricityrlede are two obvious ones. This
possibility has already been successfully usedkumpean Virtual Power Plant project,
see Valillant, Plug Power Holland and others (208514). Consumers could switch
between modes as a reaction to a changing expdft vehich is set by the electricity
supplier.

Viewing the possibility of switching between opéwatl strategies, this scenario is as
probable as scenario B, in which heat-led micro-QldRetration was considered.
Moreover, according to Peacock and Newborough (ROD@ electricity-led operating
strategy will gain in potential and attractivenedsen the penetration level of micro-CHP
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increases: "At low penetrations, micro-CHP operatitat provides ancillary benefits to
the electricity industry is less likely and the tkl control strategy would appear to be
the most applicable. As both the micro-CHP and d¢h@edded generation approach
develop towards mass market, the implementatialtefnative control strategies ... will
be desirable." (p. 1103). This effect can be exyldi by the increased operational
flexibility thanks to technological developmentdahe increased opportunities for active
participation in the electricity market. This panpiation could even be required for base-
load power provision and/or the provision of balagcservices in an electricity
generation market that relies for a larger parD@h Electricity-led micro-CHP operation
is required for all this.

Scenario D

Scenario D assumes control of the micro-CHP unjtelbctricity suppliers, but even in
this case the control is not unconditional. Stike supplier will be subject to constraints
concerning heat provision to the consumer and ditatthe waste of heat. The provision
of electricity to the households is safeguardettiegithe micro-CHP unit or the grid will
deliver this.

When a supplier runs a micro-CHP unit for electyigrovision to consumers, the ‘host’
consumer-generator will use a portion of the eileityr generated as large as his
momentary electricity demand. The electrical cayauf the unit, 1 kW, is always higher
than the electricity demand of the average houskfvdtich has a maximum of 800
Because on average 600 W of the available capacityt needed for the own power
consumptiof’, and the supplier will mostly dispatch the fulpeaity, on average 600 W
of power output can be injected into the grid by supplier. This comes down to a total
available micro-CHP capacity of 1.2 GW, the twolioil households with the installed
micro-CHP systems already provided.

A problem can be the heat dumping that would odcuo attention were paid to the heat
production of the micro-CHP units. But the suppi®mperfectly capable of calculating
the operational possibilities without causing amymore than a certain amount of, heat
dumping. The good predictability of heat and eleityr demand enable this (see the
analysis in paragraph 4.3).

In short, the electricity-led micro-CHP units caied by electricity suppliers will allow
these suppliers to dispatch additional productiapacity for electricity trade in the day
ahead market, the intraday market and/or the simgyer market for Regulating and
Reserve Power, without the lack of control presenscenario B and C. Thus, this
scenario can be concluded to be plausible enougtofesideration.

19 Taking an average household consumption of 3,39 {see appendix A) and the consumption profile
E1A from Ecofys (2001), the maximum momentary podemand is 791 W.

? The average power output for an average houséh888 W, based again on the consumption profile of
Ecofys (2001) and an average household consumpti8/897 kwh.
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4.2.3 General changes due to domestic DG penetratio

The nature and magnitude of the effects of dom&Bgenetration are influenced by the
specific DG development, as reflected by the seesarbut also by the system
environment: the exact technological features efftliure Dutch electricity system, the
economic status (e.g., height of the fuel pricd®), institutional structure and the future
level of reliability without DG. It is assumed th#te system environment does not
change from the current situation, so that only ¢fffects of the DG penetration are
considered (see paragraph 3.4).

The following general changes can be discernedmitte system boundaries, for
all of the DG scenarios. These changes are logitdlhave already been considered for
the set-up of requirements and performance crjtéud are presented to underline the
inherent changes domestic DG penetration bringatabo

» The changing role of household consumers with a W@: The household
consumers will become both a generator and a comsumence the use of the
term: 'consumer-generator'. At each moment in tanBG owner either is a net
producer or a net consumer. Which role is larger caange frequently, also
within a period of fifteen minutes.

= Bi-directional flows and the larger role of DSO&s an effect of the introduction
of DG, the distribution network will suddenly fabedirectional flows: electricity
from central generation units to the household goress, and electricity from
distributed generation units to other consumerth@same or other distribution
grids. The consequence is that the DSO no longer stdfice with passive
network management, but has to start with activerorx management, in order
to maintain the balance and prevent transporticéstis on the distribution
network level.

» The existence of a smart meter in every houselAsldtated, the smart meters are
able to transmit the meter reading every 15 minuilso the Metering
Responsible Parties will change into Metering D@tenpanies (see appendix D).
The existence and use of smart meters will chahgeAllocation process. To
what extent smart metering and profiles are usgadisof the analysis.

= Change in consumption and production patterdsusehold consumers with a
DG unit will have a different consumption pattelbecause the use of the DG unit
changes the availability and/or affordability ofeetricity. Also, a generation
pattern will arise for the consumer-generatorsyltesy in a certain net exchange
pattern.

= Provisions for the feed-back of electricitito the grid by household DG owners:
This includes tariffs, technical standards, andul&ipns for the fair distribution
of costs, benefits, roles and responsibilitiess lassumed that DG-related costs
and benefits are distributed justly (see paragBaph

In appendix E, some general characteristics ofidiged generation are given, and the
technologies of PV cells and micro-CHP are desdribEhis provides background
information for the analysis in the next paragraph.
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4.2.4 Allocation by profiling versus allocation bymetering

The four composed DG scenarios each provide ardiftesituation for a possible future
state of a decentralized Dutch electricity syst@ther factors are kept the same, as the
assumptions of paragraph 3.4 show: the systemamaent is similar to the current one,
the distribution of costs and benefits of DG introtlon is already settled justly, and
every household has a smart meter, with which metsdings can be read remotely at
least every fifteen minutes, consumers can be mgnatonnected and (partially)
disconnected, and price and production/consumpgtitarmation can be exchanged in
both directions in real-time.

Although the smart meters installed are able téop@a the above functions, it has
been left open whether or not these functions aesl.uthe use of smart metering and
profiling is part of this analysis (see paragrap#h).3Basically, there are two different
ways to allocate the remaining consumption amomdilprcustomers: by means of the
profile methodology, or by means of smart meteridgrrently, the profile methodology
is used (see paragraph 2.4). Using smart meterallfozation will transfer the profile
consumers into metered consumers.

For this analysis, two extremes in a continuum lfcation methods are considered in
each scenario: allocation purely on the basis ofilps, and allocation purely on the basis
of smart metering.

The use of profiles for allocation will be callalocation by profilingor 'profiling
allocation method'. Meter readings will be collectavith the smart meters, not
continuously but at least monthly. Thus, the red@ton period can be smaller than the
current yearly meter reading. Finally, the use oftiple registers and fixed tariff periods
could lead to some consumption and generationssimfthis allocation method without
the use of smart metering.

The use of smart meters for allocation, in whichteneeadings are transmitted
each PTU and real-time prices are communicated,bwilcalledallocation by metering
or 'metering allocation method'. This will result perfect allocation, and provide full
opportunities for generation and demand shiftimgl the use of DG as RRP.

This distinction is made, because the two differatibcation methods are
expected to have different effects on the operatiperformance of the balancing market
design: the costs of data collection and procedsingllocation by metering will be high,
but the added value of complete allocation, rempwime need for reconciliation and
perfectly allocating all imbalance costs, couldimeth more.

In appendix D, a process model for both allocatiwethods is presented, along with a
short explanation of the structure of processes acibr relationships. The most
important insights are that profiles could still bseful for prediction even when the
metering allocation method is chosen, that so-datdiggregators' will execute the tasks of
clustering DG-units into Virtual Power Plants farpcipation in the day-ahead market,
intraday market or RRP market, and that a Metefaga Company will collect and
process metering data, although the supplier igoresble for the management of the
data.
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Furthermore, there are also different types of il@®fand smart metering systems
possible. These are described in appendix D, witerso argued that there exist some
logical combinations of profiles and metering syste here called 'metering-profiling

options'. These are:

a.
b.
C.

d.

Bi-directional meteringandnet profiles

Import-export meteringndimport and export profiles
Gross generation meteringnd consumption and production profiléer possibly
import and export profiles)
Net generation meteringndconsumption and production profilésr possibly net

profiles)

The four metering-profiling options are shown igdiie 19. These will not be considered
one by one for each scenario, as with the two allon methods. It will however be
discussed which metering-profiling option should d®sen for each DG scenario,
because this choice can affect the operationalopeence of the Dutch balancing
market, albeit in a smaller way than the choiceaforllocation method.
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Figure 19: Four metering options with correspondingprofiles: a) bi-directional metering, b) import-
export metering, ¢) gross generation metering, and) net generation metering
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4.3 Analysis of the effects of DG on balancing masdt performance

The effects of each of the four distributed genematscenarios on the operational
performance of the Dutch balancing market desighbei analyzed by focusing on each
of the three instruments of the balancing markpassely and on allocation by profiling
versus allocation by metering. To this extent, gegformance criteria for the operational
performance of the balancing market will be valdagealitatively, as described in sub-
paragraph 3.3.2. The performance criteria are gavealue from -10 to 10, depending on
the magnitude and the direction of the effect. $benarios are considered in the order
given in paragraph 4.2. Background information]udg illustrations can be found in
appendix G. The results are summarized in paragtaph

4.3.1 Scenario A: PV cells

Effects on Programme Responsibility

Predictability production & consumption

The predictability of generation for an individudV cell is a different issue than the
predictability of generation for a group of consurgenerators with a PV cell. Basically,
the solar irradiance will increase and drop duting day following the orbit of the sun
through the sky during the day, which results inparabolic development of the
momentary power output of a PV cell on clear days.

The daily electricity output is much higher on suemndays than on winter days.
Assuming a relation between rated power and apmakr for the 1 kWPV cells in this
scenario that is similar to that depicted as Figbitein appendix G, one PV cell will have
a peak output of at best 750 W (75% of rated powergloudless summer days, down to
450 W (45% of rated power) on cloudless winter days

The seasonal differences for momentary power outplRV cells leads to a specific
energy output pattern over the year. The energgubwf PV cells rises from January up
to June, after which it drops again. November, Ddwsr, January and February are the
months with the lowest energy output in the Netak, with roughly only 20-40% of
the output in the summer months, according to nmresgwata of PV cells in the
Netherland$'.

Seasonal differences are quite predictable, becawsepends on sunshine hours
and temperature, which can be rightly predicted imehdvance. However, the formation
of clouds is much harder to predict, while it hdarge effect on PV power output. When
clouds pass by and the solar beams are alternblityced and unblocked, a high PV
power output alternates with an almost zero powaipwi. This can lead to large
production variations in a matter of seconds, asbsaseen in Figures G2 and G3.

21 See the website of Ton Peters, http://www.pv-@danfo, viewed on July 25 2007.
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However, for a group of geographically distribut€¥/ cells, production is more
predictable, because the integral fluctuations smealler than the individual ones.
According to Coppye et al. (2000), "the energy picatl by N decentralized PV systems
increases with a factor N, while the energy of tlnetuations on the output increases
only by a factoryN" (p. 2). The predictability of production and somption for this
scenario is given a '-3" Although fluctuations amaller on a system level, cloud
coverage can still change the aggregate produpattern in the short to very short term.
The relative size of this error compared to théesydoad is small, though. The value -3’
is given for both allocation methods, because aotigh analysis of production data
enabled by smart metering has no use: the PV ptiodupattern is predictable enough
without.

Accuracy E Programmes

The reduced variation of PV production for the agate means that PRPs will be
inclined to take responsibility for a large groupconsumers with a PV cell (who are
preferably not too close to one another). The ptadility of PV production will lead to
quite accurate E Programmes, but the accuracy eancbeased by submitting altered E
Programmes after closure of the day ahead markeauwse E Programmes can be altered
until one hour before the PTU of execution, PRPH e able to submit altered E
Programmes that reflect the latest weather predistiHowever, it is not possible to shift
PV generation. This brings the author to give gagformance criterion the value '-3' for
allocation by profiling, and '-2' for allocation lmgetering, because the consumption can
be shifted more towards PV peak production perlmgsetting lower export prices and
perhaps higher import prices in those periods.

Costs of Programme Responsibility

The costs of the execution of the Programme Redpbtysinstrument are relatively
high for this scenario, because a lot of altereBregrammes will be submitted. This
increases the administration costs for both PREsTa&mneT. Also, the efforts TenneT
undertakes to balance system supply and demandding the prevention of transport
restrictions on beforehand, are higher. This iateel to the limited accuracy of the E
Programmes, on which TenneT bases its balancimgteffthe combined E Programmes
reveal the deviation between system supply and dérieat must be bridged by import,
export and changes in production capacity). Sirfee E Programme accuracy is
reasonable, only a '-4' is given for this perforoeariterion. The choice for an allocation
method has no influence.

Effects on the single-buyer market for RRP

Network stability
There have been several studies that point to dinelgsion that PV penetration on a
scale similar to the one assumed in scenario Aaisageable.

To start, Denholm and Margolis (2006) find thateevat a low flexibility of central
plants of 60%, the intermittency impact of the kd®/ capacity would only become
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critical when it has reached about 20% of the deakl (page 2860). In the case of the
Netherlands, which has a peak load of 17,376 MWh(€& website 2006), the PV
capacity should exceed the 3.5 GW to become drifldee 2 GW in this scenario is well
away from that number.

Furthermore, the PV production peaks, which octuoff-peak hours, can be
flattened by fine-tuning the PV panel orientati®aatero and Lund (2006) find that an
east-west panel orientation results in smoothempRduction peaks that a more spread
out over the day, but also in a lower total PV ottd he flattening of the PV generation
peaks might be needed to prevent undesirable teamlheifects of those peaks. A good
trade-off might be to orientate PV panels diffeherat different households, in such a
way that the production peak at summer mid-hourasidarge as the total residential
consumption in the distribution network.

Then, Paatero and Lund (2006) also studied theagelrise effects and network
losses arising from PV penetration. From thatai be found that for scenario A only
small voltage rises (> 1% of nominal voltage) waitise, and that the total network losses
will reduce.

Finally, the option provided by the instalmenttbé smart meters to dim the
connections would provide a fall-back option todvale system supply and demand at
times of unmanageable PV peak production. Of cotlnisemeasure would only be taken
when consumer-generators would not respond tortteuiction to shut off the PV cell,
because this measure could lead to overloadinigeofidmestic circuit.

Taking into account the sufficient network capacityncritical impact mentioned,
possible mitigation of PV generation peaks, andtéichvoltage rise, it is concluded that
the electricity system can technically cope witle tB0% PV penetration at Dutch
households. Only the times of peak production atrear days might bring difficulties.
The performance criterion 'network stability' islued with a '-2' for both allocation
methods, noticing the potentially adverse effeftamge export volumes (see under 'RRP
offered’).

RRP offered

In order to analyze the effects of PV penetratiarttee amount of RRP offered, first the
change in the consumption pattern, in combinatidh the production pattern, of the two
million households with a 1 kyVPV cell should be taken into account. After aif i
interference with the overall system load in thedbuelectricity system determines how
large the electricity export and import volumesnifto the consumer-generators will
become, and thus how much the system would deperidG The dependency on DG
would generally decrease the amount of RRP offdredause PV is not suitable for RRP
provision: PV is uncontrollable. The power outpsitdetermined by the weather, not by
the operator.

Here too, the correlation between production angsemption can be examined
for both individual PV cell owners and for the wadystem with two million PV cell
owners. The first reveals the effects on electriamport and export upon distribution
network level, the second the effects upon theaipmar of the national electricity system.
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Starting with individual consumer-generators, thedpction pattern of a consumer-
generator with a 1 kWPV cell will combine with his consumption pattémform a net
exchange pattern: for every moment in time, theexehange is the momentary power
demanded minus the momentary power generatede inibmentary production is larger
than the consumption, the consumer-generator wpbg the surplus electricity; if the
consumption is larger, he will import the remainiglgctricity. On this individual level,
the weather conditions play a very important raledetermining the net exchange
pattern.

The fit between household consumption and PV pricluds rather poor: PV
production of a 1 kW cell exceeds the consumption level largely at mygdvhile it is
much smaller at the start and end of the day. Euribre, the fluctuations caused by
passing clouds can result in sharp increases/deriaelectricity import/export rates on
the distribution network level, and are limitedisedictable. Can the distribution network
cope with this?

At least, the PV production reduces the electrigijumes that need to be imported to
meet consumption. This reduction frees up transpapiacity that may be needed for
handling export volumes. However, for clear daysummertime the export rate can be
three times higher than the import rate. Moreoveis will be true for all consumer-
generators with a PV cell at the same time. In Husnario there are 2.3 times more
‘normal households’ than households with a PV cet, when the instantaneous
production is smaller than 2.3 times the instardaseconsumption, the excess electricity
can delivered to the ‘normal’ household consumensnected to the same distribution
network. The total transport volumes will thenldbé lower than in a situation without
any distributed generation, and no electricity fldw back to the transmission network.
However, for the warmest hours on clear summer,dagsluction will be so large that a
relatively small amount will flow back to the tramssion network. The transmission
network will probably be able to transport theseerse flows, because its load factor was
already decreased significantly thanks to the Phepation. Because the export volumes
will be smaller than current import volumes, itlikely that the networks will have
enough capacity to deal with the domestic eletyrigolumes. Also, the times and
amounts will be predictable, which gives a firsspiwe finding for the performance of
the RRP market: it will at least be possible tonpd@d monitor the needed extra system
balancing for PV penetration caused by its poowiih residential consumption.

This brings us to the integrative effects of thesrgrio, considering the total production
and consumption of all consumer-generators combiRest, it is noticed that PV output

is highest in the summer and lowest in the winiée PV output pattern throughout the
year is hill-shaped, whereas the consumption oupattiern is valley-shaped (both for
individual consumer-generators and for the aggegg&ee Figure 20. In other words, the
yearly PV production curve and the yearly consuarptiurve are oppositely shaped. It
appears that in summer, the PV contribution to Bbakl consumption can become 50%,
while in winter it can be less than 10%. This maiegnce on PV production capacity
for both stand-alone electricity provision and staml Regulating/Reserve Power even
more unfeasible than the bad controllability of &xeady makes it.
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Figure 20: Shape of household consumption and PV pduction pattern throughout the year (Peters
2007; Ecofys 2001)

There are some measures that can simplify the cialgtask in the PV scenario, though.
First, it is possible to improve the fit betweemguction and consumption, if consumer-
generators with a PV cell adapt their consumptiattgon to benefit from their own
produced electricity. They would be stimulated tothis when the export tariff (feed-in
tariff) is lower than the retail price they pay fonported electricity. Since this would
require consumption shifts towards midday, mosppliances like washing machines,
dryers, and refrigerators would be eligible forsthCleaning and cooling applications
constitute on average 38% to household consunfpfisa this has a potential. Activities
to effectuate electricity consumption shifts arengally called Demand-Side
Management (DSM). This could be done by providimgepsignals to consumers and
letting them react on those, but more effectivetie automatic programming of
appliances to switch on and off at preset times.

Although DSM would limit the decrease in systemiatality resulting from the PV
penetration, it will not be able to fully removeethigh differences between consumption
and production patterns in this scenario. Howevaadet al. (1999) have found that
photovoltaic users are willing to adapt their temgboconsumption patterns to the
production patterns of their panels, in order toximéze self-reliance (Pehnt et al. 2006,
p. 113), which would improve the correlation betwemnsumption and production at
least partly.

In addition, Paatero and Lund (2006) have analyhed by panel orientation the PV
production shape can be significantly altered. ksaaly noticed, it could pay to flatten
the production curve at the expense of total P\dpcton to increase system balancing
possibilities.

22See www.osbexact.nl/pages/206/Stap_0_Nulmeting, viewed on July 31, 2007.
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To conclude, the bad match between PV output astesyload necessitates the shut
down of central power plants at PV peak productiores. As a consequence, less central
production capacity is available as Regulating &eterve Power. The PV capacity
cannot make up for this, because the power ougpubi controllable. This makes the
clustering of PV cells into Virtual Power Plant®ésscenario B) a useless possibility.
DSM and panel orientation can increase the avdéithbdf central plants for RRP
provision by improving the match between productaod consumption. The dimming of
connections will only be used a last resort. Wilhtlas in mind, a value -5' has been
given to the performance criterion 'RRP offeredha® metering does not change the
picture.

RRP deployed
As discussed under 'RRP offered’, the PV penetratil reduce the match between

system supply and demand, especially at the noosuwimer days. But although the
availability of central power plants and thus theoant of offered Regulating and
Reserve Power might decrease, the amount of deplBRP is primarily influenced by
the occurring system imbalance and transport odistns. The effect of PV penetration
on the system imbalance is negative because olother predictability and the lower
network stability. However, the amount of transpestrictions is reduced because of the
distributed generation and consumption that reglaeatral production and transmission.
Still, the negative effect on system imbalancexigeeted to be larger, which is why the
value '-2' is given to this performance criteridhe use of smart metering changes this to
'-1', because of the possibility to shut off PV aaipy.

Costs of single-buyer market for RRP

The valuation of the costs associated with the aipmr of the single-buyer market for

Regulating and Reserve Power basically are admatiigt costs to monitor the bidding

ladder and derive dispatch prices. These costsbailhigher if the offered amount and

deployed amount increase, but the relative effacthe costs will only be marginal. The

reduction in offered amount of RRP is higher thiaa increase in deployed RRP, so the
value '1' is given to this performance criterion.

Effects on imbalance settlement

Accuracy allocation
First, the choice of a metering-profiling optioncsnsidered, because this will influence
the accuracy of allocation for both allocation noeth (and the allocation costs).

The export tariff will probably be lower than thetail price, because the value of
exported electricity is lower: it has yet to bengported, it goes the other way, and PV
power is generated at off-peak hours and in lardksb which makes it more difficult to
balance. In combination with the sharp fluctuatitmest are possible, this means that it is
important to meter the import and export rates d#ply and exactly. However, for
allocation by metering, exact metering data willrbquired as well, in order to maximize
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the benefits for allocating and balancing. So,ezitiross generation metering or import-
export metering should be chosen as the meteriofijipg option.

The difference between these two is whether ogeaeration is metered separately. The
metering of domestic generation would be neededHerconstruction of a generation
profile. The construction of a new, separate ger@rarofile (or more for different panel
orientations) is the obvious choice here, becatsequires less work and is more
workable. It requires less work, because the curemnsumption profiles can be
maintained and the production does not have tob®med with consumption to form a
net profile. It is more workable, because the potidn pattern from PV as predicted by
the profile is immediately visible from the profilections, and adaptations can be easily
made. The only disadvantage is that the systemidib@uable to work with two profiles
for one connection, instead of one (B'con 2007b) tihat technicality will probably have
been worked out by the time the large-scale DG fpatien has arisen.

Thus, gross generation metering is concluded tbeast metering option for scenario A,
in combination with one production profile, and ooe more consumption profiles
(depending on consumer responsiveness to pricalsigndifferent tariff periods).

Because PRPs will likely take responsibility ovdaaye group of consumer-generators,
the allocation will be suboptimal. When a largetpdrthe allocation error is caused by
badly predicted PV production, this will not beikis in the allocation process making
use of profiles, and all PRPs will share in th@erThis way, other PRPs will face higher
imbalance costs undeservedly, while the PRPs wighRV consumer-generators will
have too low imbalance costs. However, the preaticof PV generation for the large
groups of consumer-generators will be rather gsodhis effect will be limited. This is
why the value '-2' is given to 'accuracy allocdtion allocation by profiling.

For allocation by metering, the imbalances casdided perfectly, because of the
perfect allocation of actual production and constiomp it is exactly metered which
PRPs have deviated how much from the net amounteerE Programmes, as made
possible by gross generation metering. Also, amreiiation step is not needed anymore.
Finally, all imbalance costs are allocated justiyoag the PRPs responsible. In total, the
accuracy of allocation is improved significantlypnepared to the current allocation. The
value '6' is given for allocation by metering. Tigsnot maximal, because the current
allocation already works quite satisfactorily.

Imbalance costs

The imbalance costs are determined by the amourdoofrol power deployed, the
liquidity of the market for Regulating and Resei®ewer, the RRP margin, and the
amount of imbalances by the PRPs. The amount dfalopower deployed could very
well stay the same: the lower short-term prediditgbis offset by the reduction of
transport restrictions. The liquidity of the RRP rket will decrease, however: the
amount of offered RRP drops, while the number &raig parties stays the same (PV
cannot be offered as RRP). Further, the relativeusrnof RRP deployed will become
larger, which significantly increases the imbalawcosts. Finally, the aggregate size of
RRP imbalances will be somewhat higher as a comsmguof PV penetration as well.
Thus, the overall imbalance costs will increases €htimated value of this effect is -5.
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Costs of allocation

The costs of making new profiles appear to be it low: only one new production
profile could suffice. Even though more productmnfiles might be needed for different
panels, and a few new consumption profiles migledni® be formed as well, the costs
will remain limited and much lower than with alldican by metering. This can be derived
from cost estimations by Choudhury and Andrews 220@ho estimate the costs for the
creation of a new profile at €150,000-€750,000 arahitoring costs per profile around
€150,000 per annum (p. 48), but the costs of daitaation and processing at around an
optimistic 75-190 euro per annum per connection4q). Per consumer-generator the
costs of one profile are thus 0.375 euro plus 0.8uUf per year at most, which is
negligible compared to the costs of data collectmd processing even when several
profiles must be made and data costs in the pngfidillocation method are added. When
it is also considered that a generation profilalieady likely to be constructed for the
prediction of PV production by suppliers and PRBs¢d that the shortening of the
reconciliation period reduces financial risks, thests of allocation by profiling are
estimated to be similar to today ('0"). For allomatby metering, however, the removed
costs associated with the reconciliation processiamperfect distribution of imbalance
costs must be taken into account as well. Thesereduce the costs of data collection
and processing somewhat, so that the effect ferathocation method is valued to be '-8'
(instead of -10).

4.3.2 Scenario B: Heat-led micro-CHP

As an introduction to the micro-CHP scenarios, ftiiwing must be said. Generally,
four micro-CHP systems are considerable: a stamgleaimicro-CHP unit, a micro-CHP
unit with a supplementary boiler, a unit with a thetorage tank, and a unit with both.
Furthermore, four micro-CHP technologies are carsildle: reciprocating engines, fuel
cells, Stirling engines, and ORC-based units. Tossibilities of multiple micro-CHP
systems and technologies complicate the analysisreguire discussion, because they
influence the effects micro-CHP penetration coulvén Moreover, they facilitate or
hamper the mere possibility of residential microfCbperation. In appendix G, they are
described in more detail.

In addition, there are some important notions, dieed in appendix G, relevant to
the analysis of the micro-CHP scenarios. First,itbat-electricity consumption ratio for
the average Dutch household is 4.3:1. By 2030ulcc have become 2.1:1 due to better
heat isolation and a higher electricity demandsTdianges the relative suitability of the
different micro-CHP technologies for Dutch houselsoINext, the micro-CHP unit will
never be able to provide the entire domestic heahashd. This implies that a
supplementary boiler is a necessary part of theay@HP system. Finally, it is important
to stress that natural gas is assumed to be thesad for electricity and heat production
in the micro-CHP systems.

This scenario assumes the large-scale domesticdrapgae of heat-led micro-
CHP, which is the main micro-CHP type investigateecause heat is generally seen as
the primary product of micro-CHP systems. Therehanwever more types, which will be
discussed in scenario C and D.
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Effects on Programme Responsibility

Predictability production & consumption

To determine the predictability of production armhsumption, it is useful to examine
first how well electricity and heat demand pattemstch originally, without any
load/generation control. After all, in this scewathe domestic generation will be
proportional to the heat consumption, which is ane cover up by operation of the
micro-CHP unit. Again, it is useful to distinguisletween individual household demand
and aggregate demand.

Seasonal differences exist both for electricity decth and heat demand.
Electricity consumption in the Netherlands topstie winter and is lowest in the
summer, also for the residential sector. Considettie heat consumption level, one can
differentiate between three different time periodsiter, summer, and spring/autumn.
Not surprisingly, the general residential heat comgtion shows a similar course: heat
demand is lowest in summer, and highest in theerifithus, to start, at least the seasonal
changes for electricity and heat consumption atepposing.

Important findings on the individual level are tHaat consumption lies at a
higher level than the electricity consumption, tbath individual patterns show sharp
fluctuations, and that, very roughly, both the &leity consumption pattern and the heat
consumption pattern show a morning peak and animygumeak that do not overlap
perfectly. See Figure 21, which is reproduced fieaacock and Newborough (2006).
This picture shows the aggregate electricity anat llkemand for 50 households on a
January day. Heat demand is on a higher level éhactricity demand, but shows the
same shape in the form of a morning peak and aniryg@eak. However, the peaks do
not overlap perfectly. According to Peacock and Newugh (2006), “The heat demand
tends to lead the power demand, particularly in mherning as boilers commence
operation prior to active occupation of the dwgfijpage 1096). Finally, it can be seen
that, on the aggregate level, heat demand flucatare much smaller than individual
heat demand fluctuations (see Figure G6 in appe@jlixvhile electricity fluctuations are
still visible.
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Figure 21: Aggregate heat and power demands from group of 50 dwellings on a day in January
(Peacock and Newborough 2006, fig. 2)
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It can be concluded that residential heat demarat isast as predictable as residential
electricity demand, which means that the effectsnmiro-CHP operation on production
and consumption patterns are predictable as weis ffolds even more for the aggregate.
Finally, it can be deduced as well that the matetwben residential heat consumption
and electricity consumption is reasonable. Thisilmgications for the RRP offered and
deployed. The predictability is valued with a '-@ie dependency of the net electricity
exchange on the heat demand pattern and the apemattithe micro-CHP system add
some extra uncertainty, but both are rather prabliet Smart metering will improve the
effect, because the analysis of generation anducopon data will lead to a better
prediction: the value '-1' is given for allocatioy metering.

Accuracy E Programmes

The good predictability of consumption and generatf consumer-generators with a
heat-led micro-CHP system contributes to a highuaxy of the E Programmes PRPs
submit. Moreover, the predictions can be made welhdvance, which prevents any
negative effect on intraday balancing opportunitigsally, as will be discussed later on,
there is enough operational flexibility if the mee€HP system is equipped with both a
supplementary boiler and a heat storage tank. phiwides some possibilities for

consumption and generation shifting, although theeylimited to the extent that product
heat from the micro-CHP unit is to be utilized. f8hg requires the use of smart
metering, however. It is thought that the effectaobomewhat lower predictability is

offset by the shifting possibilities, so that theemll effect is '0' for allocation by

metering, but '-2' for allocation by profiling.

Costs of Programme Responsibility

This performance criterion is influenced by the amioof altered E Programmes, which
is thought to rise very little as an effect of tsleghtly lower predictability. This also

increases the balancing service costs of Tenndl. &tis is why the value '-2' is given
for allocation by profiling. For allocation by meiegg, it will be possible to steer the
production and consumption portfolio of a PRP attwtards the net electricity volume
specified in the E Programme, which makes the eH&cfor this allocation method.

Effects on the single-buyer market for RRP

Network stability

For this performance criterion, first the choice tbé micro-CHP technology can be

considered in more detail. It has become clearnbat of the micro-CHP technologies

can cover the entire heat demand, but the ORC-hasédomes closest by far, because
of its high heat-electricity ratio (see appendix Ghe choice for a specific technology

has consequences for the electricity productiomll@v this scenario and thus for the

electricity export level, but the latter is alsdetenined by the relative use of product heat
for heat demand coverage. This depends on the epacating mode: if maximum heat

would be produced at peak heat demand times, dutrieity export level could become

very high, especially for the fuel cell in the went However, the micro-CHP unit can be
operated at part-load when the high export ratauridesirable, which is why the
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technologies with a high part-load performance ssgllating speed are favoured: the
Stirling engine, the low-temperature fuel cell, gmoksibly the ORC-based unit. If the
technical features of the ORC-based unit will pragebe favourable, its high heat-
electricity production ratio will be the most atttize for heat-led operation with respect
to energy efficiency, and even more so if eledfyiexport is to be prevented.

Pecas Lopes et al. (2006) have examined the tedhaftects of DG integration in
general. First and foremost, they indicate that BGcapable of providing ancillary
services like Reserve Power, especially technafolike micro-CHP. The opportunities
for provision of other ancillary services by DG atated to be better for micro-CHP than
for PV, although still limited.

Furthermore, Pehnt et al. (2006) mention sevesdakeh projects concerning the
technical effects of micro-CHP penetration, whdre butcomes are generally positive.
To start, a power flow calculation done by Pitzaét (2003) showed that even under
maximum micro-CHP penetration and minimum demanthedistribution circuit "the
equipment (cables, transformers, etc.) would natveloaded, the voltage would remain
within the acceptable bandwidth, and the feed-to the medium voltage grid would be
manageable” (Pehnt et al. 2006, p. 204). Furth@qveer flow analysis by Arndt et al.
(2004) has shown that a micro-CHP unit in everysebwld, leading to a total capacity of
131.5 kW in the distribution network, only led tareaximum reverse power flow to the
MV of 91 kW, compared to a maximum power flow of020W without any micro CHP
(Pehnt et al. 2006, page 204).

Moreover, Pehnt et al. (2006) mention that conoecbf plants is easier near
transformers or in grids with high load density,esd short-circuit levels are higher (p.
205). For the densely populated country of the Biédimds, this condition holds. Finally,
a German research project by the Technical Coltégearmstadt led to the conclusion
that 1.5 kW, could be installed at each household (or other woes site) without
causing problems regarding voltage variations (Pehal. 2006, p. 206)

Regarding reactive control, the provision of reaefpower by DG (and thus micro-CHP)
is possible, but limited (see appendix F). Howetee, reduction of reactive control by
central power capacity is also likely to be limitédr the oldest and least useful plants
will be replaced by DG first.

Finally, the effect of micro-CHP penetration oriwerk losses are positive, as can
be expected from the reduction in electricity traors. According to the analysis of Arndt
et al. (2004) for electricity supplied through tged, losses are 50% less with micro
cogeneration compared to the scenario without mmogeneration, even when all
buildings in a distribution grid where equippediwdt fuel cell, and a lot of export would
occur. However, it is also analyzed that lossesdease for high DG penetration levels
if there are large reverse flows to the MV grid l{Reet al. 2006, p. 208). Noticing the
reasonable match between domestic electricity g¢ioer and electricity demand, the
possibility to limit electricity export rates, arkde limited micro-CHP penetration level,
this will not be the case in this scenario.

Summarizing, the system load will be reduced (duehie domestic generation and
consumption), the power quality will reduce a leitport volumes are manageable, and
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the transient stability will reduce somewhat (s@pemdix F). It is assumed that the
reduced utilization of network capacity will limihe negative effects. The use of smart
metering does not change this. This is why theevalR’ is given, for both allocation
methods.

RRP offered

The effect of heat-led micro-CHP penetration ondheunt of offered RRP is basically
determined by the effect on the match between sysigpply and demand. The match
influences the availability of central power plafts RRP provision, and the value of
clustering micro-CHP units into Virtual Power P&uY/PPs), which can either be used in
the day-ahead and intraday market to increaseoa-fx@lancing, or in the single-buyer
market for RRP to increase the amount of RRP affeieectly.

First, the match between residential consumptiahgaoduction by consumer-generators
was found to be reasonable under 'predictabilitydpction & consumption'. On the
distribution and transmission system level, thiowti therefore lead in an overall
reduction of the system load, and limited exportuwtes. This is confirmed by an
analysis of Peacock and Newborough (2006), seendppé&s. During the peak heat
demand periods, the large penetration results inefextricity export for the entire
distribution network, but this export is much sraelthan the former peak load in the
network, and also much smaller than the net expb®V production peak times in
scenario A.

It is shown by Hawkes and Leach (2005) that the-leehcontrol of micro-CHP
will cover most of the household electrical demanthe winter, autumn and spring, but
not in the summer. This of course is caused byéng low heat demand in the summer.
Especially when summers are getting hotter andralepower plant production will be
restricted due to cooling water limitations, extnécro-CHP power output to the grid
would be desirable, but the minimal heat demandgmis this.

Furthermore, Peacock and Newborough (2006) state"the resultant electrical
load profiles placed on LV distribution transformewill be of reduced mean load but
increased variability. This is likely to exacerbatepply/demand matching of central
generation” (p. 1102). However, variations do nppear to be very different from
current ones. Besides, the inclusion of boilers lagat storage tanks enable the flattening
of electrical output and thus decrease of variation

To conclude, the micro-CHP penetration will gengrabt lead to excessive amounts of
export at certain periods, but just reduce theesydbad on an overall basis, which will
increase the availability of central power plamtsRRP provision in case the micro-CHP
is installed on top of the existing production aapa Variations will probably be too
small to affect this. In hot summers however, tbetgbution of micro-CHP to electricity
production will be minimal. This requires back-ugpecity, possibly PV cells, which
limits the size of the general positive effect aEra-CHP penetration in this scenario.

Second, the opportunities for clustering micro-CHRits into VPPs depend on the

flexibility of generation and consumption of houskls with a micro-CHP system.
Although the stable heat demand pattern limitsfidability of micro-CHP generation
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significantly, the inclusion of the supplementagiler and a possible heat storage tank
makes some generation shifting possible. As isdalmove, a supplementary boiler is an
essential part of the micro-CHP system when théehas a 1 kW capacity, because the
produced heat cannot cover the domestic heat deriiveever, the produced electricity
is large enough to satisfy the entire electriceynénd of the average household.
The capacity of the supplementary boiler and that lstorage tank are an important
determinant. If the boiler is capable of supplythg entire residential heat demand, the
micro-CHP unit could theoretically operate at aiyet and output level. However,
operation during off-peak heat demand periods r&mdyoth the energy efficiency and
cost advantages of the micro-CHP system, if thelygbheat is dumped and the boiler
supplies the required heat. This is where the baaige tank comes in: it can store the
heat produced by the micro-CHP unit until it is dee As we look at the heat production
patterns of a micro-CHP unit in Figure G6, and retber that the individual electricity
demand pattern knows similar fluctuations, the ofypoty and usefulness of heat storage
becomes clear. When the micro-CHP unit is usedoerc all electricity during an
electricity demand ‘spike’, the excess heat caistbeed until a heat ‘spike’ occurs, and
then used to complement the heat production otiserpsiovided by the boiler.

With respect to demand shifting, it is can be biendfto shift part of the
electricity demand to peak heat demand times. Tagramming of cooling and washing
equipment is most eligible for this, because tHeyaoperation during other hours.

From the above can be concluded that a micro-CldEsywith both a boiler and a heat
storage tank provides the required generation Wlktyi that is needed for the use of
micro-CHP units in system balancing. This use nataes the formation of Virtual
Power Plants (VPPs). According to Pehnt et al. @200 virtual power plant consists of
a number of geographically distributed power geti@maunits — generally decentralized
and low electrical capacity — which are integrateth one large operational unit by
means of a joint control and operator interface” {p). The VPPs could be used in
different electricity markets, all influencing thenount of RRP offered.

The use of micro-CHP units in the day-ahead intyadarket could increase the
balancing of system supply and demand before theratipnal PTU has come. The
required flexibility is present, but the use of stmaetering is a precondition as well. By
sending real-time prices to consumer-generatord, kamowing the average household
responsiveness to price signals thanks to a thardatp analysis made possible by smart
metering, consumer-generators can be stimulate¢htmge their consumption and
generation in a matter of minutes. A programmedrobrsystem for individual micro-
CHP systems that automatically responds to thee peicel is probably required too. That
way, aggregators could operate VPPs to balancePageRfolio, or contribute to a-priori
balancing by responding to high APX prices.

The use of micro-CHP as Regulating and Reserve Palse has potential. This
would then focus on the Reserve Power, becauseattb@matic control and high
availability requirements of Regulating Power ace likely to be met by the heat-led
micro-CHP units. Micro-CHP could be used as Res&wwer, because its regulating
speed and dispatch time are probably high enoughtHe lower Reserve Power
requirements. This is in correspondence with Péoges et al. (2006), who stress that
"CCGTs, diesel standby generators and perhaps +GiEi® were best placed to provide
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reserve services" (p.1194-1195). The minimum ddpaize of 5 MW requires the
formation of VPPs. The aggregators of the VPPsccthen transfer the multiple bids of
consumer-generators into one RRP bid to TenneTchadk the response to a dispatch
instruction from the meter readings provided by dnreetering.

But although VPPs can be formed technically and lmaruseful for balancing,
Roon (2003) states that VPPs are not economicadlylesr at the moment: "Other than
with virtual power plants based on larger individganeration units, under present-day
conditions, the potentially higher proceeds of awied micro cogeneration plants do not
justify the high expense for installation and masragnt of a virtual power plant” (Pehnt
et al. 2006, p. 16). Still, the installation andemgtion of VPPs consisting of residential
PEM fuel cells has already been realized with ss&¢e a European project (Vaillant,
Plug Power Holland and others 2005). So wheneveNPP concept becomes profitable
it can be implemented. A final reservation is hoereprovided by Pehnt et al. (2006),
who think that the grid-relief and peak shaving ssl by (heat-led) micro-CHP
penetration already has a positive effect on sygpenfiormance, and that thereby the
relative benefits of VPPs are reduced (p. 217).

To conclude on the effects of heat-led micro-CHmeb@tion on the amount of

Regulating and Reserve Power offered, the cenaelt-op capacity needed for hot days
offsets the reduced system load. This would keep dbntral production capacity

available for RRP provision the same. However, rthiero-CHP units can be clustered
and used as RRP, so that the amount of RRP offtethcrease. This increase could be
low because of the possibly high costs of VPP fdionaand operation. Also, analysis of
the metering data provided by smart metering conddease prediction and therefore
decrease system imbalances. For allocation by mgtethe value given is '2', but for

allocation by profiling, the formation of VPPs wilk impossible, which results in a value
0.

RRP deployed
The RRP deployed depends on the system imbalandetren amount of transport

restrictions. The amount of system imbalance witiréase a bit by the somewhat lower
predictability and network stability, but the largeduction of the network load is

assumed to be higher. Therefore, the value fopdreormance criterion 'RRP deployed’
is chosen to be '3'. If the metering allocationhmodtis used, there is more opportunity to
balance a-priori, internally balance and improvedmtion due to data analysis, which
will further reduce the amount of RRP deployed:\thkie given is '5'.

Costs of single-buyer market for RRP

The costs of operating the single-buyer marketR&P are mainly influenced by the
amount of Regulating and Reserve Power offereddapibyed: the lower these amounts,
the lower the costs. The effect will be marginbgugh. For allocation by profiling, there
is less RRP deployed, so the value given is 'I'.alocation by metering, more RRP is
offered but the amount of deployed RRP is even togethe value here is again '1".
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Effects on imbalance settlement

Accuracy allocation

With regard to the different metering-profiling apts, the same line of reasoning as for
PV penetration in scenario A can be used here. Becéhe generation pattern of the
micro-CHP unit is generally the same for each coreugenerator, only one generation
profile would be needed. The creation of a netif@air import and export profiles would
incur extra costs, while the transparency of tleeteicity consumption and generation by
households would be reduced. The newly createdrgeoie profile can be used together
with the existing consumption profile, or with awnene, if the consumption pattern of
consumer-generators is changed by the micro-CHRatpe.

The use of generation profiles and consumptionilpsofvould limit the choice for a
metering option between gross generation meternd) reet generation metering (see
appendix D and Figure 19). Again, the use of a it@etional meter cannot be
recommended: the likely difference between impeitepand export tariff favours the
exact measurement of import and export, which dirgietional meter does not provide.
Finally, the costs of an import-export meter arg/onarginally higher than the costs of a
bi-directional meter, understanding that the resfliifunctions of the smart meter incur
much higher costs than the 'hardware' of the nmgefacility (see Choudhury and
Andrews 2002). This favours the choice of the naxsturate metering option, which is
gross generation metering.

The effects of heat-led micro-CHP penetration lo@ accuracy of the allocation
depend on the allocation method chosen. For allmthly profiling, there is no reason to
believe that the micro-CHP would change this aaourthe value set is '0'. For allocation
by metering, the allocation will become exact, whi@as a large positive impact similar
to the other scenarios: the value set is '6'.

Imbalance costs

The imbalance costs are determined by the amourdoofrol power deployed, the
liquidity of the market for Regulating and ReseRmawer, the RRP margin, and on the
amount of imbalances by the PRPs.

The amount of control power deployed will decreaseshown by 'RRP deployed'. The
liquidity of the RRP market depends on the allawatption. For allocation by metering,
consumer-generators could participate in the et#gtrmarket, but only aggregators,
who will probably be affiliated with the suppliersjll offer RRP by clustering micro-
CHP units into VPPs. Thus, the liquidity of the RRBrket will not change. Further, the
RRP margin will increase, which reduces the didpaidces and thus the imbalance
prices. The amount of imbalances by the PRPs wduce, because of the increased
possibilities for PRPs to internally balance thpartfolio. On overall, the effect on
imbalance costs will be positive: '3' for allocatiby profiling, and '4' for allocation by
metering, because the higher amount of RRP offerideduce the imbalance prices.

Costs of allocation

Considering the costs of allocation, the same @sdid as for scenario A: the costs of
data collection and processing for allocation bytemeg per consumer generator are
much higher than the costs of creating and maimgia new generation profile for
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micro-CHP: 75-190 euro per year, instead of 0.311® @lus 0.075 euro per year for the
new generation profile (Choudhury and Andrews 20@2)ssibly, different generation
profiles will be needed for different heat storagek capacities and different micro-CHP
technologies, and also the costs of data transferallocation by profiling will be
incurred, but still the costs of allocation will beleast ten times higher for allocation by
metering. However, the removal of the reconciliatpyocess and the perfect distribution
of imbalance costs will reduce the negative costcefsomewhat for this allocation
method. The same values as in scenario A are gi¥dor. allocation by profiling, and '-8'
for allocation by metering.

4.3.3 Scenario C: Electricity-led micro-CHP operatd by consumer

Heat-led operation can be viewed as one extrentigeirspectrum of operating strategies
of the micro-CHP system; electricity-led operatias the other. It is therefore very
instructive to consider electricity-led micro-CHPewation. In this operating strategy, the
micro-CHP unit is operated primarily to cover thentestic electricity demand. The
micro-CHP system always includes a boiler and & kemage tank, so that as much
product heat is utilized as possible.

Effects on Programme Responsibility

Predictability production & consumption

In this scenario, predictability of the two millidhkWg DG units is worst of the three
consumer-operated scenarios, because the genepatitern is neither determined by
weather conditions (scenario A), nor by the redidéheat demand pattern (scenario B),
but by the residential electricity demand pattétiectricity demand is not as dependent
on weather conditions as is the heat demand farleéanicro-CHP operation or is PV
generation. This makes the potential for generasbiiting higher in this scenario
compared to scenario B. Because consumer-genehatoesa high operational flexibility,
they also have large opportunities for minimizifgpit energy costs by operating the
micro-CHP system on the basis of the prices foragakelectricity and the export tariff.
This shows that the predictability of residentiahgration and consumption depends for
an important part on the behaviour of the consugesrerator, in specific on their
response to export tariffs and price signals.

Although production and demand are least predietiathis scenario, it still does
not mean that they are totally unpredictable. Balicthe consumer-generators will still
generate heat and electricity when they want ittaedefore the consumption pattern will
continue to resemble the old one.

Furthermore, full electricity-led control indepemd from heat demand would be
very unrealistic, because that could lead to rekaon the supplementary boiler for heat
generation to almost the current level. When tlagipens, the basic advantage of micro-
CHP, the high energy efficiency, would have disappéd entirely. Besides, when the
boiler is used more than necessary, this meansnbat product heat from the micro-
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CHP unit is wasted, and that higher natural gassca® paid. The consumer-generator
can prevent this by smartly using of the capaditthe heat storage tank.

Finally, it can be expected that the consumer-ggoewill either try to cover its
own electricity demand, or just maximize electyictiutput of his micro-CHP unit,
depending on the height of the export tariff in gamson to the electricity generation
costs. This means that the electricity generatiattepn will either follow the electricity
consumption pattern, or be maximal. The last opigonot very likely, because it results
in high energy costs for the households, while Bappcan prevent this situation by their
price setting. Thus, electricity generation canelpected to follow consumption in this
scenario, restrained by the heat production andwuoption. For allocation by profiling,
only different tariff periods will exist, and theegeration will be as predictable as the
consumption. For allocation by metering, the getm@ngpattern depends on the consumer
responsiveness to price signals from the suppM¢hen the micro-CHP unit is
programmed by the consumer-generator to react oseththe predictability for this
allocation method will be almost as predictable.

To conclude, the predictability of production anonsumption will be a bit less for
allocation by profiling due to some operationalmrietons following from the utilization
of heat produced by the micro-CHP unit, which isywthe value '-2' is given. The
predictability for allocation by metering will bewer due to the uncertainty of household
responsiveness to price signals, which is why #iee/'-3' is given.

Accuracy E Programmes

Next to predictability, the ability to shift genéin and consumption is also an important
factor in determining the effect of electricity-ledcro-CHP operation on the accuracy of
the E Programmes.

Considering this ability, it is likely that the ceunmer-generators will be aware of
the environmental and financial advantages of miagctheir own electricity production
and consumption patterns (assuming a low expoiff)fabecause this will have
contributed to the large-scale micro-CHP penetnatiothe first place. Therefore, it can
be expected that the consumer-generators will elgtiengage in both generation and
demand shifting insofar the financial advantagdas(phe possible satisfaction gained
from environmental-friendly micro-CHP operation)cerd the costs and effort.

This engagement is also expectable from a busipesspective. The high
operational freedom of the consumer-generatorigngtenario implies that he is also the
owner of the micro-CHP system, and that he beathealcosts and revenues related to it.
After all, a supplier will not be eager to invest a micro-CHP unit that is limitedly
predictable and controllable. To earn the investrgests of the micro-CHP system back,
the consumer should take the opportunities in deln@and generation shifting. The more
opportunities he takes, the shorter the pay-badkgeand the sooner the cost reductions
obtained from active micro-CHP control are realigfits.

Because the consumer-generators are expected tpitee responsive to price
signals, Programme Responsible Parties have gamettw way to balance their
electricity production and consumption portfolioy Btimulating households to generate
less or extra electricity, sudden deviations frdemped E Programmes can be tackled, so
that the net exchange volume submitted can be maed. Moreover, the shifting

77



potential with micro-CHP is quite large, becaus&W is 13% of the total available
production capacity in the NetherlahtisHowever, smart metering is required to
communicate prices and meter readings. Therefbee,value given for allocation by
metering is '4'. For allocation by profiling, thenananged predictability leads to an
unchanged accuracy of the E Programmes: the vatugi§ allocation method is '0'.

Costs of Programme Responsibility

The costs of the Programme Responsibility instrunaee influenced by the amount of
altered E Programmes and the resulting change lantiag service effort by TenneT.
Because less altered E Programmes will be submibi&th the administration costs and
the balancing service costs decrease, which isedadti '2' for allocation by metering and
‘0" for allocation by profiling, because demand amheration shifting is not possible
there.

Effects on the single-buyer market for RRP

Network stability

With respect to the technical effects, the samlertieal effects of micro-CHP penetration
as discussed for heat-led operation in scenariop@yahere. For this scenario, the
situation will only improve, because of the higlogrerational flexibility of the micro-
CHP units. This increases the possibilities to imrihe units in such a way that adverse
effects on power quality, transport capacity, aadsient stability are minimized.

The utilization of the higher operational flexibjlfavours the choice for a micro-
CHP technology with a good part-load performance egulating speed. Furthermore,
the electricity-led operation favours the use oteahnology with a high electrical
efficiency, avoiding ‘the production of thermal plus’ (Peacock and Newborough 2006,
p. 1103). Thus, the best choice for this scenasiddcvery well be the low-temperature
fuel cell, noticing that reciprocating engine havdad part-load performance and that
Stirling engines and ORC-based units have a tooelewtrical efficiency.

It is thought that the improved flexibility canrgg counter the small negative net
effect of micro-CHP on network stability as desedbfor scenario B. Especially when
consumer-generators just cover their own elegirid@mand, the use of the public grid is
minimal, and only serves as a back-up for eleg¢yriprovision and export channel for
when export becomes attractive. However, the m@i#R units still are connected to the
grid, and must be synchronized to the grid. Withard to electricity export volumes,
these would become lower compared to heat-led tperavhen only the household
consumption is covered, but would become highéinas a profitable export tariff is in
place. It is shown below that even at full-load rapien of the micro-CHP units, export
volumes will be manageable, and so this does ned halarge influence. The value set
for the effect on network stability is -1'. Thislue is also given to allocation by
metering, because the extra electricity export etqueas an effect of smart metering are
assumed to have a positive effect on availablespart capacity but a negative effect on
power quality, which cancel each other out.

% The average available production capacity in teéhirlands in 2006 was 15,282 MW (TenneT website)
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RRP offered

There are two hypothetical generation patterns lwaronsidering: generation at
maximum capacity (which is unlikely), and total eoage of own consumption (which is
likely). From their examination, the effect on gm@ount of RRP offered can be qualified.

The case of domestic electricity demand coveragbhesmost simple. When consumer-
generators generate the electricity they need aiding more, the system load will
decrease with about 6% See Figure 22. The removal of the residentialsuorption
peak in the morning and particularly that in theer@mg in the system load for two
million households means that the system load temtucs particularly significant during
residential peak hours. The overall result of delnemverage by consumer-generators is
therefore both a system load reduction and a remuit variation.
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Figure 22: Contribution of consumer-generators to gstem load on February ' 2006 (Ecofys 2001;
TenneT website 2006)

The case of full-load operation is more difficudtéxamine, but also less relevant. When
consumer-generators run their micro-CHP units dkldad and full capacity, the
generation pattern will not look like the consuropticurve in Figure 22, but will
resemble the horizontal line y = 2,000. This wasult in a continuous export rate which
is as large as 2,000 MW minus the total consumptioitme consumer generators, which
will be 358 MW at minimum, 1,582 MW at maximum, andé MW on average, when
based on the consumption profile for householdmfiecofys (2001) and an average
SYC of 3,397 kWh (see appendix A). What will be #feect here on the system load is
less clear. The consumer-generators combined @auaggregate production pattern that
is high when domestic consumption is low, and weesa. To what extent the export
volumes flows back to through the ML/LV-transfornmierthe MV-network, depends on
the consumption in the low-voltage distributiontsyss.

4 Household consumption in the Netherlands is 20%tal consumption, which means that the total
consumption of consumer-generators for a 30% nBid penetration is 6%.
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When assuming that all remaining households arpl®apwith the export flows
from the consumer-generators, the maximum revéogeldack to the MV networks will
be 744 MW, while total household consumption carabdarge as 5,536 MW (Ecofys
2001, TenneT website 2006).

The contribution of total household consumptiorih® system load is on average 3%
When the micro-CHP units will run continuously atlload and other households are
supplied first with the export, the average aggied@ad on the transmission system for
all households together will drop from 2,715 MWab5 MW, which is only 6% of the
former system load, instead of 23% (Ecofys 200hn&d website 2006).

Next, the utilization of the operational flexibyliby forming Virtual Power Plants and
shifting household generation and demand shoulddmsidered. The opportunities of
VPP formation and operation are improved compaodueht-led operation in scenario B
because of the higher operational flexibility.

Still, the load shifting potential is limited bydtheat demand, in combination with
the electricity demand. According to Pitz et aD@2), “the flexibility of adjusting power
generation is greatest in spring and autumn whentplare typically operated for several
hours per day. This is the best period for micrgereeration plants to shift power
generation to demand peaks and to also provide poamtrol services” (Pehnt et al.
2006, p. 211). Operational flexibility in the summe still limited due to the low heat
demand, while the high heat demand in winter mdkkperation of the micro-CHP
unit in the morning and evening very profitable g(seigure G6). These seasonal
differences partly increase the reliance on cergmaber plants for back-up electricity
provision again, and limit the larger potentiaM®P operation in this scenario compared
to scenario B.

Again, the use of VPPs can increase a-prior batgnand the amount of Reserve
Power offered, thereby increasing the amount of RR&ed. However, again it is the
question here if the benefits of VPPs will exceeel ¢osts, especially since the effect on
the amount of RRP offered without VVP operatiomligady positive. Pehnt et al (2006)
agree that even without interconnection to VPPgrancogeneration tends to result in
grid relief and peak shaving due to operation dusystem peak hours. “Thus, it is
questionable whether the additional service berafitonnecting micro cogeneration
units to virtual power plants is actually worth tleelditional effort and cost of
communication and control” (p. 217).

Besides, the provision of Reserve Power would bbath complexity and risks for the
consumer-generator, which can lead to added cédter all, micro-CHP operation
during periods of low heat demand increases thlechuss if the heat storage tank is not
sufficient. A high pay-off for the provision of Rave Power could compensate for this,
but the interconnection costs for the VPP, the eggpor fee and the share for other
consumer-generators part of the VPP lower the pasignificantly.

All the above shows that the availability of cehfpawer plans for RRP provision is
generally increased by the introduction of eledtrited micro-CHP due to the lower

% The average system load in 2006 was 11,851 MWr(@Emvebsite 2006), while the average
consumption of all households according to the 2@@%&sumption profile was 2,715 MW (Ecofys 2001,
assuming 3,397 as the average household consumption
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system load. The reverse flows of exported elattrigre too small to result in many

temporal shut-downs. Moreover, the micro-CHP ouipuinore independent from heat
demand, which means that less back-up capacitgaeded to replace this output during
hot days. The opportunities to form and use VirtBalver Plants are larger, but the
relative benefits will be lower here compared t@®rsrio B. The value given for

allocation by profiling is a '1', and for allocatibby metering a '3, taking into account the
still small reduction of system load and the nemdsmart metering to shift consumption
and generation and operate VPPs.

RRP deployed
The amount and size of system imbalances for &égtted micro-CHP penetration are

expected to decrease somewhat due to increasedbipss of PRPs to internally
balance their portfolio. Also, the amount of tramdprestrictions will decrease
significantly in this scenario, which will reducleet amount of Reserve Power deployed.
On the other hand, the smaller predictability aetivork stability will have a negative
effect on the amount of RRP deployed. These negatifects are estimated to be fairly
smaller than the positive effects, however. Thias,dverall effect will be rather positive.
For allocation by profiling, the value given is, 'dhd for allocation by metering the value
given is '6'.

Costs of single-buyer market for RRP

The amount of offered RRP is thought to increadaichivincreases the administrative
costs of the single-buyer market for Regulating &wekerve Power. However, the
decrease in the amount of deployed RRP is thowaghe targer, which leads to an overall
decrease of the costs. The net effect is similescenarios A and B, so the value '1' is
given for both allocation methods.

Effects on imbalance settlement

Accuracy allocation

Considering the choice for a metering-profilingiopt the creation of a new generation
profile is again the logical choice: the generatmattern of electricity-led micro-CHP
units is basically the same as the consumptioreqattand therefore as predictable.
Differences between the consumption profile andatfegluction profile can be caused by
a certain responsiveness of consumer-generatorgrite regimes (in the profiling
allocation method) or price signals (in the metgrallocation method), which can be
studied in advance as well. Although the mere axyeiof own electricity demand would
not lead to significant export, the use of an iny@port meter can still be favourable for
metering the import and export exactly. In comhboratwith the need for generation data
provided by a generation meter, gross generatiotenmg would again be the logical
option. However, for allocation by profiling exaoetering of import and export is much
less important, so that net generation meteringdceuffice. However, since it is not
realistic to assume that the import tariff and expariff will be equal, gross generation
metering is preferred. This increases the costh@fmetering facility only marginally,
because the highest costs are attached to the sratating technology and software.
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The accuracy of the allocation process is notcédtk by the micro-CHP
penetration when the profiling allocation methodisgd: it is assumed that each PRP will
have the responsibility for a similar portion oétbonsumer-generators, making possibly
larger deviations for that group irrelevant to thiectiveness of the allocation. For
allocation by metering, the allocation will be pt. This leads to the same values as for
scenario B: '0" for allocation by profiling andfét allocation by metering.

Imbalance costs

The imbalance costs are determined by the amourdoofrol power deployed, the
liquidity of the single-buyer market for Regulatingd Reserve Power, the RRP margin,
and on the amount of imbalances by the PRPs. Tloaiginof control power deployed is
expected to decrease significantly, which decretdseémbalance costs. The liquidity of
the RRP market will improve a bit for allocation byetering when aggregators
participate on behalf of the consumer-generatomsglwiowers the imbalance costs a bit.
The RRP margin will increase quite a bit, whichues the imbalance costs by the lower
imbalance prices derived. Finally, the imbalanae ©if PRPs will decrease only for the
metering allocation method, because they can in tlase balance generation and
consumption more for themselves. This decreasesnbalance costs for that allocation
method. Adding up, the value given to allocationpbefiling is '5', and the value given to
allocation by metering is '7'. The larger effectngared to scenario B is mainly caused
by the larger RRP margin, but also by the decreasddlances caused by the higher
operational flexibility of electricity-led micro-ClPi operation.

Costs of allocation

For the valuation of the costs of allocation, thaat same arguments can be brought up
as under the other scenarios, so that the costallfaration by profiling are similar to
today (value '0"), and the costs for allocatiomistering are much higher (value '-8').
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4.3.4 Scenario D: Electricity-led micro-CHP operatd by supplier

The main difference of this scenario in comparismscenario C is that the operation of
the micro-CHP unit is executed by the electricitypglier, instead of the consumer-
generator. This means that the unit is switchedamah off when the supplier wants it,
subjected to some constraints agreed upon betwepplier and household. This
arrangement could remove the burden of financgdsrand high investment costs on the
households, and provide the suppliers maximum obotrer the micro-CHP units, not
depending anymore on household responsivenessite prgnals and having full
operational flexibility even under allocation byofiling.

Effects on Programme Responsibility

Predictability production & consumption

The predictability of electricity generation of smlnolds with a micro-CHP system will
in this scenario be maximal. However, the predittgbof electricity consumption
cannot be controlled, making the resulting net arge still uncertain to some extent.
Furthermore, the contribution of the group of hawedds with a micro-CHP unit to total
system load is limited. Still, a large positive walion of the effect on this performance
criterion is justified: a 7' is given. This valbelds for both allocation options: the fact
that in this scenario the communication portalsvjgled by the smart metering facilities
are used to control the micro-CHP units from aadliseé is independent from the choice
between allocation by profiing and allocation byetering. The exact domestic
generation is known for each PTU, which removes thegest uncertainty in
predictability in this scenario.

Accuracy E Programmes

Thanks to operational control of the micro-CHP sirby the suppliers, the operational
flexibility, and thus the possibilities to shift meration are maximal. Therefore,
possibilities to balance the electricity portfoéice high, and submitted E Programmes can
be followed up more easily. This is only subjectstmme constraints related to the
utilization of product heat in the households, whis settled between the consumer-
generators and suppliers. Again, it must be tak#o account that the micro-CHP
contribution to the system is limited. The diffecerbetween the two allocation methods
is here that for allocation by profiling, the consution cannot be influenced by price
signals, but this is of minor importance compam@the high operational flexibility. The
value given for allocation by profiling is '6', afal allocation by metering '7'.

Costs of Programme Responsibility

Because the accuracy of initial E Programmes wlhtgher and the number of altered E
Programmes lower, the administrative costs belanginthe Programme Responsibility

instruments will be lower. Also, the balancing gstm supply and demand and the
resolution of transport restrictions by TenneT vl easier and therefore cheaper. The
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value give here is '2' for allocation by profiliagd '3’ for allocation by metering, because
the changes in these administrative costs willlstilrelatively small.

Effects on the single-buyer market for RRP

Network stability

Network stability will become somewhat lower congzhrto electricity-led micro-CHP
units operated by the consumer-generator becaaseotiirol by suppliers will result in a
much more active operation of the micro-CHP urBisppliers will switch these units on
and off and ramp up and down much more often irerotd maximize their profits and
balance their portfolio. This results in larger andre frequent variations of the micro-
CHP contribution, which will have a negative effect the power quality and transient
stability of the system. However, investigationgeheral technical effects of micro-CHP
under scenario B indicates that the effects wilpably still be manageable. The value
for the network stability is therefore set at "-4'.

RRP offered

Generally, the micro-CHP control by the suppliell wesult in better a-priori balancing,
because he aims to maximize his profits. When theahead market price or intraday
market prices rises as a consequence of supplyesfeqit will become more attractive to
switch on/ramp up the micro-CHP units, which resuita smaller shortage of electricity.
This will decrease the use for central power plémtsalance system supply and demand,
so that more central capacity is available for RiRd¥ision.

Furthermore, the effect on the freeing of transpapacity will be largest for this
scenario, because the suppliers will free transpapacity when it is needed, driven by
the reflection of this in the electricity pricesorFinstance, when the capacity of the
network is used almost entirely, the supplier cogdtherate just enough electricity with
the micro-CHP units so that whole the distributioetwork is supplied, freeing the
transmission system from any electricity imporegport. In addition, the system load is
already reduced by the in-house generation anduogpison of electricity.

The following control strategy provided by the falicro-CHP control illustrates both the
increase in a-priori balancing and the decreasgystem load. A group of micro-CHP
units controlled by a supplier could be operateduch a way that the distribution load is
flattened, like a study by Peacock and Newboro2@0§) proved possible. In Figure 23,
it is shown for a distribution circuit with 50 hal®lds and a micro-CHP penetration (1
KW units) of 76% that the electricity distributionakb can be flattened by means of so-
called ‘Aggregated Load Control’, which can be ddased a sophisticated operating
strategy, programmed into the micro-CHP systemse Phedictable shape of the
distribution load enables such a strategy, whigniicantly increases a-priori balancing
on the distribution system level. The flatteneddieshape thus decreases the demand for
back-up capacity, thereby increasing the availgtaf Regulating and Reserve Power.

The question remains to which extent the flatterohghe distribution load will
emerge, but the operation of micro-CHP units dumpegiods with a high system load
driven by the price mechanism will already movegistem in this direction.
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Figure 23: Effect of Aggregate Load Control on thenetwork by 50 dwellings on a January day
(Peacock and Newborough 2006, fig. 3b)

Finally, the opportunity to form and operate Vift&@ower Plants is maximized here, and
Is in this scenario is the most straightforwardcaaese the supplier has maximum control
over multiple micro-CHP units, he can easily off@d deploy this as Reserve Power, or
even as Regulating Power. The provision of RegujaRower could become possible,
because the households have lost the control bedr wnits anyway, so that automatic
deployment by means of Load Frequency Control isea@ble. Of course, the technical
features of the micro-CHP must meet the requiresnamtbids of Regulating Power. The
regulating speed and part-load performance ofiiggittngines and low-temperature fuel
cells could already be sufficient, and even moransthe future. According to Pecas
Lopes et al. (2006), "An innovative, low-cost mearfsscheduling automated mass
responses from highly flexible small plant can levedoped. If such a scenario does
arise, it is likely that the scope for aggregatssivices will increase" (p. 1193). RRP
should only be offered, however, when the dispafamicro-CHP does not lead to waste
of heat and/or household energy costs higher theeed upon.

It thus appears that for this scenario, the b&nefiVPP operation are most likely
to exceed the costs, even though the a-priori atednal balancing made possible by the
full operational flexibility and control minimizethe need for micro-CHP for RRP
provision.

To conclude, the effect of supplier-control of éfmity-led micro-CHP units on the

amount of RRP offered is very positive, becausethaf increase of day-ahead and
intraday balancing, increased availability of cahprower plants and RRP provision by
micro-CHP. Because the suppliers are in controlth& units, they also meter the
generation continuously (with the generation metghich removes DG generation from
the pool of non-metered, profiled consumption amshegation. This means that the
choice for an allocation method does not makegeldifference here. The value given is
a'e'.
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RRP deployed
The effect of this scenario on the amount of RRPlalj@d depends on the effects on

network stability and predictability of producti@and consumption. The positive effect
on production and consumption has been valued hithen the negative effect on

network stability.

Then, this performance criterion is also influendgdthe amount and size of system
imbalances and transport restrictions. The amodindystem imbalances will reduce

thanks to the increased predictability and day-dlzedl intraday system balancing, while
the transport restrictions reduce due to the recluaf the system load caused by the
micro-CHP penetration.

It is assumed that, compared to scenario C, thease in predictability and balancing
will just cover the negative effects on networkbdity. The difference between the two

allocation methods is thought to be too small tdicep because it only takes effect
indirectly via the possibility to shift consumptiavith smart metering, which is thought

to be unexploited because of the generation sgifiotential. The resulting value is '6'.

Costs of single-buyer market for RRP

The effect on the costs of the operation of thelshbuyer market for Regulating and
Reserve Power are zero: the increase in RRP offeredtimated to be as large as the
decrease in RRP deployed.

Effects on imbalance settlement

Accuracy allocation

The effects of electricity-led micro-CHP penetration the accuracy of the allocation
process are the same as for the other scenariedaththat micro-CHP generation does
not have to be accounted for by means of the praofiethodology (as in the other
scenarios) does not mean that the accuracy ofatibschas been increased. The absolute
allocation error will probably become smaller, kbt is taken into account under
‘imbalance costs'. The values given are '0' farcalion by profiling and '6' for allocation
by metering, just like in the other micro-CHP saers

Imbalance costs

The imbalance costs are determined by the amourdoofrol power deployed, the
liquidity of the single-buyer market for Regulatingd Reserve Power, the RRP margin,
and on the amount of imbalances by the PRPs. Theiathof control power deployed is
much lower, the liquidity of the RRP market does$ clmange, the RRP margin is much
larger and the amount of imbalances of PRPs redued¢o maximum operational control
without additional unpredictability. This leadsrtauch lower imbalance costs. The choice
of allocation method does not lead to a changehen imbalance costs, because the
possibility of consumption shifting (DSM) is thougto be unexploited, because the
generation shifting suffices and is more reliablbdis leads to the valuation of this
performance criterion with an '8' for both allocatimethods.
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Costs of allocation

Regarding the choice for a metering-profiling optim this scenario, the choice for a
profile considering household generation is stdcessary here: although generation is
metered as part of the supplier control, actualornpnd export are still not known under
allocation by profiling. The creation of a genewatiprofile is not necessary because of
the generation metering. When the metering allonathethod is chosen, consumption
will be metered as well.

Again, an import-export meter appears necessamgause the supplier wants to know
how much electricity is used by the household amd much is exported. This again has
to do with the price for electricity import and tlaalue of electricity generated in-house:
the arrangement with the supplier in this scenaslbprobably encompass the payment
of investment costs, operational costs and mainmneacosts by the supplier, and
payment of fuel costs by the household, in exchafugefree electricity whenever
electricity demand and micro-CHP generation coiacithe natural gas costs could be
reduced as well, in this arrangement. Thus, gresemtion metering will be used in this
scenario as well.

Concerning the effect of this scenario on allocatomsts, the choice for an allocation
option has a relatively smaller cost impact. Thetemf the profiling allocation option
will be higher, because generation is continuousigtered by means of the smart
generation meter. This results in data collectiosts for the supplier, but the operation of
the micro-CHP also creates communication costs. chmsumption is still allocated by
means of the profile methodology, however. But tthe¢s not lead to half of the costs
compared to allocation by metering, because theee some fixed costs like a
communication infrastructure, data storage capaaitg data transport capacity. This is
why the costs are estimated to be '-6' for allocaby profiling, and the usual '-8' for
allocation by metering.
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4.4 Results

In this paragraph the results of the analysis rag@ph 4.3 are presented and discussed.
Table 4 lists the multiplied effects (the valuegegi to the performance criteria times the
weights) for each scenario and for both allocatieethods. First, the general outcome is
discussed. Then, the sensitivity of the outcomehanges in weights and values are
indicated. After that, the limitations of the arafyare described. Finally, some general
findings from the analysis are presented, includivglargest uncertainties related to the
effect of large-scale DG penetration on the openali performance of the Dutch

balancing market design.

Performance criteria weight | Scenario A Scenario B Scenario C Scenario D
Allocation option profiling metering | profiling metering | profiling metering | profiling metering

Programme Responsibility effects

Predictability production & consumption| 3 -9 -9 -6 -3 -6 -9 21 21

Accuracy E Programmes 5 -15 -10 -10 0 0 20 30 35

Costs of Programme Responsibility 1 -4 -4 -2 -1 0 2 2 3

Single-buyer market for RRP effects

Network stability 5 -10 -10 -10 -10 -5 -5 -20 -20

RRP offered 5 -25 -25 0 10 5 15 30 30

RRP deployed 4 -8 -4 12 20 16 24 24 24

Costs of single-buyer market for RRP |1 1 1 1 1 1 1 0 0

Imbalance settlement effects

Accuracy allocation 3 -6 18 0 18 0 18 0 18

Imbalance costs 3 -15 -15 9 12 15 21 24 24

Costs of allocation 1 0 -8 0 -8 0 -8 -6 -8

Effects Dutch balancing market

Short-term economic performance 6 -18 -26 8 4 16 16 20 19

Short-term reliability 25 -73 -40 -14 35 10 63 85 108

Operational performance

balancing market design 31 -91 -66 -6 39 26 79 105 127

Table 4: Weighted effects DG scenarios on the opdianal performance of the balancing market

In the valuation, short-term reliability was estied to contribute for about 80% to the
operational performance, and short term economifopeance for 20%. With weights
adding up to 31 and a value scale from -10 totl®) maximum positive effect would be
310 and the maximum negative effect -310. Lookingh® net results for the four
scenarios, it becomes apparent that the overadcietif DG penetration on balancing
market performance found is small (scenario Betsonably large (scenario D).

With respect to the relative outcome of differso¢narios, scenario D leads to the
best net result, followed by scenario C, scenati@aril scenario A. This holds both for
allocation by profiling and allocation by meterirfgurther, the net result is positive for
scenario D and C, positive for allocation by metgrand negative for allocation by
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profiling in scenario B, and negative for scenakiolf the results would hold in reality,
this means that the large-scale introduction ok\(Ze) micro-CHP generally improves
the operational performance of the Dutch balancnagket, except for heat-led micro-
CHP when allocation by profiling is used as theo@dtion method. The large-scale
introduction of (1 kW) PV cells decreases the operational performance.

The difference in net result between to conseciwgoanarios is largest between A and B,
and smallest between B and C. This is logical, beeacenario A and B differ in the DG
technology used, while the only difference betwseenario B and C is the operational
strategy.

For all scenarios, allocation by metering bringhigher net result than allocation by
profiling. This suggests that allocation by metgrishould always be chosen as the
allocation method. However, the difference in eadenario between allocation by
profiling and allocation by metering is rather sihah average only 36 ‘value points’ out
of a range of 620. And because the exact costsnaftametering are one of the largest
uncertainties, one should be careful to conclude dlocation by metering is always the
better option.

In short, the rash conclusion from the results gméed in Table 4 would be that
large-scale penetration of electricity-led microfidystems in households operated by
the electricity suppliers should be strived ford ahat the allocation should be executed
by continuous metering of household consumption@oduction.

As a first comment on the analysis results, otlifscevaluations and/or other weights
will give other net results, leading possibly totiety different findings for the DG
scenarios. The effects of some value and weightifrnations on the net results will be
discussed now, as a test for the validity of thie@mes.

First, it is interesting to look at a value modifiion for the costs of allocation in
allocation by metering, because this allocation hoétalways comes on top but the
magnitude of this criterion is very uncertain.-ff0’ instead of ‘-8’ were the value for all
scenarios, the effect on the net result would bgligible, but if the weight of this
performance criterion is changed from 1 to 3 ad,wie¢ average difference in net result
for the scenarios would be halved to 17 value goikiowever, allocation by metering
would still be the best allocation option for alesarios.

Second, the effects of DG penetration on netwdabikty are rather uncertain,
and thus interesting to examine. The effect of adenD on the network stability is
estimated to be most negative, because the us&ahhe electricity market would be
largest there. If instead of the value ‘-4’ *-10eve given, scenario D would still give the
best results, but the difference with scenario @ldive smaller. Moreover, the net result
of the use of allocation by metering in scenarizv@lild be just higher than allocation by
profiling in scenario D. Of course, when the effeftall scenarios on the network
stability would be zero, scenario D would standasithe best scenario even more.

Next, it is instructive to watch the effect of trese of every value in scenario A
by one. When this is done, the net result of s¢erfais still very negative: the increase
in ‘value points’ of the net result would be 29 faltocation by profiling and 23 for
allocation by metering.

Finally, the effect of weight modification is test rather rigorously by changing
all the fives in threes (which thus reduces thatnet importance of the accuracy of E
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Programmes, network stability and the amount of RiR€red, all criteria related to
system reliability). This does neither change tleéative outcome of the different
scenarios, nor the favourability of allocation bgtering and the height of its added value
compared to allocation by profiling. This shows tthings: that the outcomes are robust,
and that the weight put on system reliability dows alter the absolute and relative
outcomes very much,

From the sensitivity analysis can be concluded timatrelative net results appear
valid and robust. Allocation by metering indeed egms to be the best allocation method.
The follow-up of scenarios in terms of the net efffien operational performance does not
change, and the net result of scenario A staystivegavhile the net results of the micro-
CHP scenarios stay positive.

Even though the robustness of the analysis apgeab® good, there can be named
several limitations and reservations of its worth.

To start, short-term reliability was estimatedmake up 80% of the operational
performance, and short-term economic performanéé. AZhereby, it has been assumed
that system reliability is four times more impottdinan the cost competitiveness of the
balancing market. But what exactly is the valueseturity of electricity supply is
difficult to estimate. Besides, what is the conitibn of the balancing market to this
security is not crystal clear either. At least, #ughor thinks is it safe to say that security
of supply is worth a lot, so the weight distributtiis not totally wrong.

Second, the valuation of the performance crit&ggi@nly qualitative, which is
related to the complexity of the system, makingnestions difficult to make. As a result,
it is difficult to make statements with the netuis about the size of the effects of large-
scale penetration of PV or micro-CHP at households.

Third, the used set of performance criteria isyvehort, and simplifies the
balancing market and distributed generation petietrdo a large extent. It is possible
that the use of more and more detailed criterialvbave led to different outcomes.

Finally, the outcomes say something about the atjpgral performance of the
Dutch balancing market design, which was definedxdude social and environmental
performance. The analysis of the effects of largges DG penetration omsystem
performanceshould also include those. Under social performarmdd be understood
the changes in prosperity, comfort and utility tbe stakeholders, which includes the
whole Dutch population and should therefore notuubderestimated. The same can be
said for environmental performance. One of the naaivantages of PV and micro-CHP,
its sustainability (PV) and its high energy effitagy (micro-CHP), were not taken into
account. This is related to the fact that long-tesffects were not considered in the
scenario analysis. At least the inclusion of envinental performance can be expected to
improve the positive effects of DG at householdshensystem performance of the Dutch
electricity market. In concrete, the performancieda would become less important,
and the positive effects of DG penetration on eminent and long-term security of
electricity supply could make the net effect of mCHP penetration much more
positive and the net effect of PV penetration pesiinstead of negative.

Having tested the robustness of the analysis seghk following general findings follow
from scenario analysis.

90



. Scenario D has the highest net resylfollowed by scenario C, scenario B and
scenario A. Micro-CHP penetration has a positiveeatf PV penetration a
negative effect. For micro-CHP, electricity-led ogteon gives a higher result
than heat-led operation, and supplier control igebehan consumer-generator
control.

. The choice forallocation by metering always leads to a higher result than
allocation by profiling, though the difference isrgrally modest.

. The large-scale penetration BV cells in households appears to have a rather
negative effect on the operational performanceheftialancing market. This is
not to say that it can not be integrated in thdesys but looking at the current
balancing market performance and expected trehds,advisable to install PV
cells with a capacity smaller than 1 kWAfter all, the large export rates were an
important reason for the negative net result. Thergside of this will be the
lower contribution of PV to electricity provision.

. Formicro-CHP systems the complementary installation of a boiler isez@ssity
and a heat storage tank is desirable especiallywiine units will participate in
the electricity market. Stirling engines and lownpeerature fuel cells are on
overall the best micro-CHP technologies to choose tb their favourable
technical performance and heat-electricity ratior Reat-led operation the ORC
based unit is most favourable when its properti¢ls e proven good, and
electricity export should be prevented for finahaia technical reasons. For
electricity-led operation, the low-temperature fwell is the best choice if a
minimum of heat should be wasted and participaticthe market is large.

. With respect to new profiles, the creation of gatien profiles should be chosen,
because one can suffice for all consumer-generatuatst is a straightforward and
transparent option. Furthermore, exact meterinignpbrt and export saves more
money than it costs compared to net meteringgress generation meterings
the best metering-profiling option, for all DG seeios.

. It will be possible to cluster DG units intartual Power Plants, but for PV cells
this is pretty useless because of the uncontrdithabof generation. VPPs
consisting of micro-CHP units can participate ie thay ahead market, intraday
market and the single-buyer market for Regulating Reserve Power, but the
investment costs could very well be higher than tlemefits. After all, the
integration of micro-CHP lowers the prices due t@duction of system load and
peak shaving for allocation by metering. Scenarioffers the highest potential
for the VPP concept, also for the use of micro-GiSHRRP.

. The net result of scenario D may be highest, its @lisibility is not: it requires a
sound contractual arrangement between householdsapplier to which both
parties can agree, including a fitting allocatioh ansts and revenues and
workable operating conditions. Moreover, the baaefupplier control could offer
do not appear to be applicable to the situatiog: thicro-CHP investment can
become affordable for the households, the operatiaterstandable, the network
stability is expected to be satisfactory, and ti&PRmargin will probably large
enough already. Finally, this scenario would leadnuch more market power in
the electricity market, while DG control by houskisocould increase the number
of market players and liquidity in the electriciharket.
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The largesuncertainties found in the scenario analysis for the effect & Penetration
on the operational performance of the Dutch batanoiarket design are the following:

* The height of thecosts of allocation by metering The estimation of the added
value of the metering of all households every éfteninutes depends on the costs
of data collection, transport, processing and g@rdhe scenario analysis shows
that the difference in performance between allocaby profiling and allocation
by metering is not that large, which makes the litetd these costs an important
consideration.

* The manageability of metering data exchangeWhen allocation by metering
will be used, suddenly seven million more meteidiegs will be electronically
transmitted every fifteen minutes. All these regdihave then to be processed in
order to allocate consumption and production to mdlevant PRPs. It is not
certain if these large data flows are manageablalewthis manageability is
crucial for allocation by metering.

e Thetechnical effects of large-scale DG penetratiomn households. Especially
the dynamic behaviour resulting from DG penetratithre change on reactive
power provision and the effect of large export wods are uncertain. Simulation
studies can only analyze a simplified version @& fystem, while a large-scale
DG penetration like considered in this research ri@sbeen realized in reality
yet. Only the realization of such a penetratiorelewill make the exact effects
visible.

» Thecosts of the formation of Virtual Power Plantsand the effect on balancing
service and imbalance costs when participatinghen Dutch electricity market.
The latter depends on the operational performahtieed/PPs.

« The response of households to price signaland the consequences for the
predictability of household production and consuomptThis response influences
the usefulness of allocation by metering in scenBrand C.

» The cooperation and support of stakeholders to |mrpgontrolled micro-CHP
penetration (scenario D), and the possibility af donstruction of @ontractual
arrangement attractive to both the supplier and the houselwoidsumer. This
determines the plausibility of the developmentadrario D, which has the most
positive effect on the operational performancehefDutch balancing market.
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5. Design options for the Dutch balancing market

The goal of this chapter is to formulate designas for the Dutch balancing market
that have a potential to improve the operationalopmance of this market when a high
penetration level of distributed generation in hehds has arisen. To this extent, six
relevant and promising design options are derivethfan overview of design variables
for the Dutch balancing market in paragraph 5.1eifhn paragraph 5.2 to 5.4, these
options are discussed in relation to the analysssilts, foreign balancing markets and
literature (paragraph 5.2 to 5.4). In paragraph thé six design options and their specific
meanings in this research are given.

5.1 Overview of design variables

The design variables for the Dutch balancing mankeisented below have been
identified before in Chapter 2, and are shortlycdesd there as well. Three design
variables are concerned with the whole balancintketathe rest just with one balancing
market instrument.

Balancing market as a whole:

- Nature of balancing control

- Level of interconnection with foreign balancing rketis
- Length of the Programme Time Unit

Programme Responsibility:

- Presence of Programme Responsibility

- Admission conditions for PRPs

- Existence of a lower limit for the number of PRPs
- E Programme specifications

- T Prognose specifications

- Gate closure time

Slngle buyer market for RRP:
Degree of compulsion of RRP provision
- Structure of bid ladder mechanism
- Determination dispatch prices
- Requirements for the offering of RRP
- Requirements for emergency power
- Level of contracting of control power

Imbalance settlement:

- Determination imbalance prices

- Base of allocation of system imbalances
- Length of reconciliation period

- Length of period assignment profiles

- Length of period assignment SYC

- Structure of the profile methodology

- Provisions for smart metering
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Most of the listed design variables are not reléveene, because they either are certain to
decrease balancing market performance, or have otenfal for improving this
performance for an electricity system with a higimgstic DG penetration level.

With respect to the general balancing market desmmables, the variablaature of
balancing controlcan be changed in two opposite directions. ddhaption of hierarchical
balancing control would lead to the removal of RBP market and to full system
imbalance resolution by means of contracted or c@ntrol power. There is no reason to
consider this option, because the RRP market wbrkes However, the adoption of
decentralized balancing controlcould facilitate large-scale DG penetration whieis t
penetration complicates the system balancing &@s#,increase the possibilities for DG
as RRP. Thdevel of interconnection with foreign balancing rkets lies outside the
scope of this research, but will also be hard t@iobconsidering the differences between
the Dutch balancing market and foreign ones (semagpaph 5.3) and the limited
interconnection capacity. Regarding teagth of the Programme Time Uniihe increase
of the PTU would probably reduce the balancing reaedficiency. A decrease could
improve this efficiency, but in that case it wik leven harder to collect and process all
metering data when allocation by metering is adthptdso, the reasonable predictability
of PV and micro-CHP makes this option of less vabil, thereduction of the PTU
length is considerable.

Considering the Programme Responsibility designabées, thepresence of
Programme Responsibilitpnakes it possible to allocate the balancing casteng the
responsible parties, which creates the incentivepdrties to keep to a certain predefined
net electricity volume and balance internally.résoval is therefore highly undesirable.
Furthermore, there is no reason to change therduacmission conditions for PRPE
Programme specificationgr T Prognose specification#\fter all, their usefulness does
not depend so much on the technical state of tilséesy as on the structure of the
balancing market, including the used communicagootocols and PTU length. The
existence of a lower limit for the number of PR®also found irrelevant, because for a
low number of PRPs the effects of DG penetratiomnupalance and balancing costs and
reliability will be the same as for a higher numbEmally, the design variablgate
closure timecan be important here. Tipestponement of the gate closure time.e. the
reduction of the time between the final momentudmission of altered E Programmes
and the operational PTU, can give PRPs more timpredict their net volume more
accurately and to improve their own balance.

Concerning the RRP market design variables,dégree of compulsion of RRP
provisionis not worth considering here. After all, the valny offering of RRP will lead
to a minimum amount of RRP offered, which will irase the imbalance costs and
endanger system reliability. The augmentation ef ¢ompulsion from parties with at
least 60 MW capacity to parties with e.g. at |&BMW capacity will not be considered
either, because the analysis has not revealedete fior this and because the offering of
domestic DG as RRP is difficult due to requiredstduing and limited availability. Since
the current RRP market functions satisfactorilyaraye of thestructure of the bid ladder
mechanisms undesirable. Likewise, there is no reason fonange in theletermination
of dispatch pricesFor instance, taking the average bid price irhehection (instead of
the marginal bid price) leads to smaller finandéradentives and makes the offering of
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RRP less attractive. Threquirements for the offering of RRPa design variable relevant
to DG development, because the current requiremanetslirected to central capacity,
alteration of the requirements for the offering of RRP could facilitate the bidding of
DG as RRP. The change of thequirements for emergency power not desirable,
because these should be strict. Finally, adaptatiahe level of contracting of control
power appears unnecessary, because more than enouglis afantracted to solve the
system imbalances that the RRP market cannot digal (about 300 MW emergency
power and 275 MW Regulating Power, while most sysimbalances are between -300
and 300 MW).

Regarding the imbalance settlement design variabkeschange of the
determination of imbalance pricesuch as using the same imbalance price for PRP
surplus and PRP shortage when TenneT has deplatbdpbsitive and negative RRP,
will decrease the effect of the financial incensite PRPs to minimize their imbalance
and to have a surplus rather than a shortage. aege of thebase of allocation of
system imbalance® one that is not grounded on PRP imbalancegytdyhundesirable
for the same reason. The change of lédmgth of the reconciliation period of minor
influence and importance, because reconciliatioensoved when allocation by metering
will be used, and its shortening will merely impeothe accuracy of the financial
incentives provided to PRPs. Next, the changé¢heflength of the periods for profile
assignmentind SYC assignmentill only have a marginal effect on balancing marke
performance compared to DG development. Besidesdigiability of household
consumption and production will be large enouglexclude the need to shorten these
periods. Finally, thestructure of the profile methodolognd theprovisions for smart
metering are very relevant design variables in this reseafdte adjustment of the
profile methodology would be required in case of large-scale DG deraknt at least
when allocation by profiling will be used, and tleenbedding of smart metering
provisions at least when allocation by metering will be us8dll, both options can be
useful no matter which allocation method is chosen.

In the above, six design options are deduced froenlist of design variables. These
options are worth considering for a new balancireykat design that can improve the
operational performance of the Dutch balancing rfairk a system with a high domestic
DG penetration level. The next paragraphs will shibat the design options follow not

only from the balancing market description, bubdi®m the analysis (postponement of
the gate closure time, alteration of the RRP regoénts; paragraph 5.2), from a
comparison with foreign balancing markets (decres#sie PTU length, adjustment of

the profile methodology, embedding of smart metgfmovisions; paragraph 5.3), and
from literature (decentralized balancing contradrggraph 5.4). In the next paragraphs
will also be described what these design optiortailerso that an improved balancing

market design can be formed in Chapter 6.
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5.2 Design options following from the analysis

The results of the scenario analysis in Chaptehawswhich performance criteria are
(supposedly) most negatively affected by DG petietiaThis points to design options
that have the potential to improve the effect of [P8netration on those same
performance criteria.

As a first obvious remark, results from the analyshow that the current balancing
market design is quite suitable for the integratidra large-scale DG penetration level
already: the operational performance increasemforo-CHP. However, it decreases for
PV, and it could be that another balancing markesigh is better suited for a
decentralized electricity market and will result @n even higher operational
performance.

Concerning a large-scale PV penetration as inaste®, the negative effects of
the uncontrollability of PV and its unfavourablengeation pattern are difficult to take
away, because these are inherent technologicairésatHowever, it was discussed in the
analysis that the predictability of PV and the ampanying accuracy of E Programmes
are improved by sending in altered E Programmdatasas possible. This suggests that
the effects on these performance criteria can lpgawed bypostponement of the gate
closure time the time at which PRPs must have submitted fiveat E Programme. The
gate closure time could be decreased to thirty teswbefore the PTU of operation,
instead of one hour. This requires a fast and ieffichandling of E Programmes by
TenneT. The importance of this design option iogeized by Glachant and Saguan
(2007), who state: "The temporal position of théegaosure is thus a key parameter of
the design of the balancing arrangement, determithiae volume of information available
for decisions made on forward markets, and thusethed of uncertainty (pp. 7-8).

Concerning the effects of DG scenarios in gendralancing market design
options cannot directly change the technological d@racteristics and thereby influence
technical effects via the source. Indirectly, aiddial technical requirements for DG
could me made, so that their integration will nestd to a damaging decrease in power
quality or instability of the network. However, $ua measure does not fall under the
balancing market design. What can be done igltieeation of the requirements for the
offering of Regulating and Reserve PowerTo facilitate the participation of micro-CHP
in the single-buyer market for RRP, the minimum &k of 5 MW could be decreased,
and the requirements for the minimum regulatingedpand dispatch time could be
relaxed as well. This can be done without adveffeets on the effectiveness of system
imbalance resolution, but the requirements for regrgroduction capacity can become
too weak as a side effect, which may be undesirdiblerefore, it might be a good idea to
formulate a separate list of RRP requirements fostDG, so that possibilities and
constraints of different types of available productcapacities are taken into account.
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5.3 Design options following from foreign balancingnarket designs

Not much documentation can be found about Eurogssancing markets in other
countries. This probably has to do with the shiéetdf balancing market designs, which
after all were created when countries liberalizeslrtelectricity sectors from the nineties
onwards. Furthermore, this information is oftenides knowledge that is mainly
exchanged between the relevant organizations witin national electricity sectors.
Normally, other actors have no interest. HoweJsgre is some investigation to combine
national balancing markets to increase systemhiétiain the whole UCTE-grid. For
this research, information about other balancingketa is interesting for the discussion
of possible design options that could facilitate [P@netration in the Dutch market.
Therefore, balancing markets of countries withadsea large amount of DG would be
particularly interesting. Micro-CHP is not implented on a large scale yet, but
according to Pehnt et al. (2006), the UK and Gegmame two of the three European
frontrunners in its development (the Netherlandthésthird one). A lot of PV has been
installed in Germany. This makes Germany partityliateresting, followed by the UK.
However, other European countries will be examisbdrtly as well: Belgium and
France, being neighbouring countries, and Italindpéhe frontrunner in smart meter roll-
out.

Germany

The German electricity system comprises four cértomes, which together form the
German control block. Each control zone is operéitedne TSO. As in most European
countries, the TSO operates the system and ownsdbets. The German TSOs are
EnBW Transportnetze AG, E.ON Netz GmbH, RWE Tramsmiz Strom GmbH, and
Vattenfall Europe Transmission (Morthorst et al020p. 70).

The German balancing market is quite similar &t tf the Netherlands. Balance
responsible parties (‘Bilanzkreisverantwortlichegve to submit Programmes on a day-
ahead basis, and imbalance is settled on a 15 eninagse. A difference is that it is
possible to change the Programmes until 45 minatesad, and sometimes even 15
minutes ahead. Another important difference is thdialancing responsible party, of
which there are about 300 in Germany, pays the sarbalance price for a shortage as
he receives for a surplus, irrespective of thaustat the control zone. This however leads
to strategic behaviour by balancing responsibldiggrwho at times profit from an
intentional deviation from their Programme (Mortbioeet al. 2007; presentation Dr.
Ernst, RWE-TSO 2007).

Finally, Germany has a significant amount of PWpa about 410 MW in 2003
(compared to 41 MW in the Netherlands), which igseal for an important part by the
high export tariff in place. This tariff was €0.5@ 2004, and is attributed to the
distributed generator for twenty years after inatin of the PV systeffi As found out
during a visit to RWE-TSO, PV power is handled tbhge with wind power, which is
balanced in a separate balancing market. With rihane 20 GW of wind power, the total
PV power is much smaller, and also much more ptablie. The aggregate generation

% http://www.senternovem.nl/duurzameenergie/projgdien-projecten_ho-
intthomehub_duurzame_energie.asp, viewed on Jily2007.
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pattern of the 410 MW PV capacity is accounted bgradaptation of the predicted
generation pattern of the aggregate wind power ymrtioh capacity (presentation Dr.
Ernst, RWE-TSO 2007).

Except for the different time period for submissi@inProgrammes, which already has
been indicated as a design option, no design aptsaitable for the Dutch balancing
market can be derived from the German balancindc@babecause it is largely the same.

United Kingdom (UK)

The regulation for the British balancing market sists of the Balancing and Settlement
Code (BSC) arrangements, which were introducednigldhd and Wales in 2001 and in
Scotland in 2005. The National Grid Company (NG&£jhe British TSO, and PRPs are
called 'BSC parties'.

Again, the main structure of the balancing marketthe same: there is a form of
Programme Responsibility for BSC parties, imbalasetlement, and something called
the 'Balancing Mechanism’, which is very similarth@ Dutch single-buyer market for
RRP. A first difference is that the UK has a Hatiudly Settlement Period, instead of the
15-minute PTU in the Netherlands, which makes lmatgnand imbalance settlement less
efficient than in the Netherlands. Furthermoretipguation in the Balancing Mechanism
(RRP bids) is optional, while in the Netherlandstipa with more than 60 MW are
obliged to offer available RRP. Moreover, the minimbid size is 1 MW, which is lower
than the 5 MW in the Netherlands, while the systead is twice as large. Another
difference is that the 'reverse price', i.e. thbatance price for negative power when the
system is long and the imbalance price for posigea/er when the system is short, is
based on a forward market price derived from Pd#ierhange trades (ELEXON 2004;
website NGC 2007).

Finally, the UK makes use of a profile methodoldiggt is more complicated than
the Dutch one. There are eight generic Profile $8asof which two are for domestic
consumers. According to a report from the Inteoral Energy Agency, "The amount of
energy used by a non half-hourly metered customeach half-hourly settlement period
is determined by allocating a customer's total gneronsumption according to the
pattern dictated by their load profile. This is ddwy applying the appropriate regression
coefficients to the appropriate out-turn regressianables.” The regression coefficients
are derived from a regression analysis. Thereitieem of them, representing five season
types (winter, spring, summer, high summer andraojuand three day types (weekdays,
Saturdays, and Sundays). Finally, three types griession variables are used to modify
the profile shape on a daily basis, which are teatpee variables, sunset variables and
week-day variables (IEA-DSM 2007, p. 25-29).

The comparison of the British and Dutch balancingrkat designs provides the
following observations. First, cancellation of tbéligation of large parties to offer
available RRP is not an attractive option, becatseill reduce the amount of RRP
offered and thereby the liquidity of the RRP mark&hen, alteration of RRP
requirements such as decrease of the minimum b&lhas already been identified as a
design option in the last paragraph. Next, remowimg connection between 'reverse
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imbalance prices' and the dispatch prices in thiaétkands would reduce the efficiency
of allocation of imbalance costs and decrease tiadity of incentives to market parties.

Subsequently, the higher PTU length in the UK I®ingp a more interesting
design option:decrease of the PTU lengthThe increase of the PTU length to 30
minutes in the Netherlands would decrease the bymecision of the balancing market
instruments. However, the decrease of the PTU hetwtl0 minutes or 5 minutes could
improve the overall accuracy and thus efficiencytlegd Dutch balancing market. To
realize this decrease, it should still be possibteactors to perform their tasks in time,
and the increased data flows should be manageBbtmuse E Programmes and RRP
messages can probably be extended relatively easy, the information and
communication infrastructure will already be expethdto enable the use of smart
metering, these two conditions can be met. The ovgat balancing market efficiency
effectuated can be really important when a lot & €apacity is installed that is able to
ramp up and down very quickly. When rising balaocgsts (due to DG development) are
distributed more accurately to the parties respm@siconsumer-generators ‘guilty’ of
imbalance are driven more to ‘listen to’ price gifgngiven by the supplier.

Then, the description of the different profile mmdblogy points to the design
option of adjustment of the profile methodology In order to account for domestic
generation in the current Allocation process, theavnprofile(s) (at least one new
generation profile) should be specified in the Metg Code, as should the assignment of
a generation profile to either all profile customer all households (normal households
then getting a 'zero profile’). This design optisnmainly important for allocation by
profiling. The increase of detail and calculationtihe British profiles found in the UK
profile methodology is undesirable, because it womicrease costs and complexity
unnecessarily.

Belgium and France

According to Glachant and Saguan (2007), the bailgnmarket arrangement in the
Netherlands resembles a real-time market, whilesehim Belgium and France use
balancing mechanisms (with penalties or an admatise fee) (p. 10). In Belgium, gate
closure occurs a day ahead. "There are 16 diffaxgrds of imbalance prices. These
prices depend on the sign of the individual imbedarthe sign of the global imbalance,
and the magnitude of the individual imbalance. €&ion these imbalances are computed
with respect to the day ahead price on two marketside of Belgium: APX in the
Netherlands and PowerNext in France." (GlachantSagluan 2007, pp. 10-11).

In France, there is no rolling gate closure. "Thechanism functions with four prices on
imbalances, which depend upon the relationship &atmthe global sign of the system
imbalances and that of the individual imbalancebdtances with the same sign as that of
the system are settled with a penalty defined bgomstant (k) applied to the mean
purchase price of energy to the TSO each half-hguril).

Because of the fundamental difference betweenbtdancing market of the
Netherlands and those of Belgium and France, naldaidesign options can be expected
to follow from those markets. A rolling gate closuime and imbalance prices reflecting
the real imbalance costs are needed for a balamsarget that is really operated by the
market, which is indeed the aim of the Dutch balagenarket design.
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Italy

Italy has just fully liberalized its electricity miaet in 2007, but it has already realized an
enormous smart meter roll-out: Enel SpA, the domtingility in Italy, has installed a
smart meter at each of its 27 million customerheperiod 2000-2005. These meters are
fully electronic and truly smart: power can be tdroff remotely, electricity transport
capacity of a connection can be dimmed, and usdgemation can be read, among else.
The meters communicate over low voltage power finé&urrently, Enel uses the smart
meters primarily for energy services like remotevegring of complaints, quick repair of
outages, and shutting off of customers failing &y phe bill, and less so for demand
shifting (The Economist 2006).

It could not be found to which extent smart metgrimas used for the allocation of
electricity consumption by Italian households. Hoamr the differences between the
Dutch and Italian electricity markets make the gtatithe use of smart metering in Italy
less valuable anyway.

The Italian market model is a zonal model: Ther multiple zones with each
their own Energy market. The balancing of supplg demand also takes into account
the balance within zones, because the intercororectipacity between zones is limited.
The balancing market of Italy works with a reguthteandatory market for Regulating
and Reserve Power, which is called Market for Dudpiag Services (MSD), and is
managed by TERNA, the Italian TSO. The settlementog for imbalances is a quarter
of an hour. The selection of bids is made on theritnorder criterion'. The height of the
imbalance price for production units depends onstiage of the zone imbalance and on
the individual imbalance. It is the maximum/minimymce of the selected bids in the
same way as for the Netherlands, and is the zdealieg price when the individual
imbalance is 'in the same verse' of the zone imicaldETSO 2006). This description
shows that the Italian electricity system and balag market are very different from
those in the Netherlands. Therefore, useful desigions cannot be derived from the
ltalian market.

Because the effect of price stimulation in Italylimited by the zonal model, the more
regulated RRP market and less efficient imbalamm®g, benefits of smart metering and
allocation by metering are likely to be very dit#at from the Netherlands. This makes it
less regrettable that specific design options alih smart metering were not found.

However, it can be said that the use of smart mdtera future decentralized
electricity system in the Netherlands will probalBguirethe embedding of smart
metering provisionsin the Dutch balancing market design. When aliocaby metering
will be chosen as the allocation method, the neledaltion process should replace the
old one in regulation, specifying what will be timterval for collecting meter readings,
and how reconciliation will change. Also, the attgaconstructed new market model,
which speaks of Metering Data Companies insteadRPs, should be embedded in the
balancing market design. When allocation by pnodlis maintained, the role of smart
metering will be smaller but should still be formaad. Important decisions concern the
size of the reconciliation period, but perhaps #fsonature of information exchange with
the smart meters (what kind of information is exajed).

%" http://en.wikipedia.org/wiki/Smart_meter, viewed August 17, 2007.
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5.4 Design options following from literature

Given the small base of written documentation altmléncing markets, it comes to no
surprise that no literature has been found abolanbag market designs. There is
however a conceptual theory from the field of isfracture policy that could point to
some new design options: the coherence theorymfastructures, as formed and used by
Finger, Groenewegen and Kiinneke (2005).

The coherence theory focuses on the interrelatlmeteveen the technical and
institutional coordination of infrastructures. kfdnds the statement that there is “a need
for coherence between both in order to safeguasdtiafactory functioning in terms of
economic performance, guarantee of public valued @thnical system integrity”
(Finger et al. 2005, p. 1). Considering the subpéc¢his research, this suggests that large-
scale DG penetration at Dutch households shouldoberent with institutions, in order
to achieve a high electricity system performance.

For coherence between the institutional coordimatad technical coordination of an
infrastructure, both should be based on the samet@mtion mechanism, and their scope
of control should be coherent. There are three m@ordination mechanisms:
centralized, decentralized and peer to peer. Caheren scope of control occurs when
the scope of technical and institutional coordmratare related to comparable system
boundaries (Finger et al. 2005, p.13).

According to Finger et al. (2005), who have uséerilization of the electricity
sector in general as a case study, the institUtm@dination has become decentralized,
while the technical coordination continued to batcaized: “In liberalized markets, the
institutional coordination ideally fits the decealized coordination mechanism with
bottom-up control” (p. 16). Technical and institutal coordination are incoherent since
liberalization, because the technical coordinatidid not change along with the
institutional coordination (Finger et al. 2006,17).

Remarkably, the large-scale introduction of doneeBt{> on its own can be argued to
improve the coherence by increasing the deceratadiz of the technical coordination of
the electricity infrastructure/system, and therdbyelling it with the decentralized
institutional coordination. After all, the liberadtion has brought competition in the
electricity market, where electricity prices ardedmined by demand, supply and trade
between market players. However, the technicalesyss still centralized: electricity is
produced in large, central power plants, and thamsported via the transmission
network and the distribution network to the finahsumer. A large-scale introduction of
domestic DG would decentralize the technical cowmtion, because a part of the
electricity generation would become decentraliZéds better fits the liberalized market,
because it introduces more players while reduciagket shares. This reduces the market
power of players and increases liquidity, which ioyes the market mechanisms.
Furthermore, the reliance of consumers on the phalgrid for electricity provision is
reduced, as is the network load. Both increasdléxeility of the system, which fits a
liberalized market controlled by the market insteatly regulation.
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The scenario analysis supports this theoreticéstent: the operational performance of
the balancing market indeed increased due to thep@&t&tration (except for PV, which
could be explained by the much lower flexibilitypitovides).

Concerning the Dutch balancing market, the fadt tia current balancing market design
functions satisfactorily leads to the statement ttés design is coherent with the
decentralized market and the centrally controlledhhical system. Zooming in,
Programme Responsibility and imbalance settlemanthe called centralized, but are
actually necessary for the electricity system aratket to function. With respect to the
single-buyer market for RRP, this market is regdain the form of a single buyer and
compulsory bidding by larger players, but these #red other rules are in place to let
system imbalance be solved by the market as mupbsasble. The operation of the RRP
market by TenneT is only logical, because it is T80 that has the task to safeguard
system supply and demand, and he has the tools thislin the form of control of the
transmission system (including LFC), operation bé tauction for interconnection
capacity, and emergency power contracts.

Although a large-scale penetration of DG will decalize the technical system
and therefore increase the coherence betweerutimtidl and technical coordination, the
fit of the control of the balancing market, whichrather centralized, with the technical
control of the whole system, which becomes moresdigalized, decreases. This brings
up the suggestion to introdudecentralized balancing controlin the Dutch balancing
market, by delegating some balancing service tdgk®m the TSO to the DSOs. In
addition, according to Pecas Lopes (2006), thenpiadeof this design option follows
from the characteristics and promising future of.O@ey state: "In particular, the need
to move from the fit and forget policy of conne¢tiBDG to electric power systems to a
policy of integrating DG into power system planning and operation throagtive
management of distribution networks is emphasis@ktas Lopes et al. 2006, p. 1190).

The desirability and usefulness of decentralizedtrob of the balancing system in a
decentralized electricity system reveals itself,the implications of large-scale DG
penetration for the tasks of the TSO are taken actmount. At the moment, virtually all
production comes from central power plants, whichantinuously metered and directly
coupled to the transmission system, and can therdfe accounted for in the system
balancing service tasks easily. However, distributgeneration is coupled to the
distribution system, and even when it is continlypusetered, it leads to much more
complexity and non-transparency. The limited predidity and controllability and
technical effects of the DG alter the system loattgopn and overall predictability and
controllability. All this make the decentralizatiasf system balancing a logical step:
DSOs can oversee the different, more complex sththe distribution networks, and
make use of the DG to balance the distribution ndtwBesides, they can actively solve
technical problems of DG, preventing a cascadeutfitahe whole system. This would
greatly relieve TenneT’s system balancing taskctvlwan then continue to focus on the
transmission network level without too much diftigu
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5.5 Set of design options for the Dutch balancing anket

In this chapter, six design options for the Dutclahcing market design have been
identified that could improve the balancing margperational performance for a system
with a high DG penetration level at Dutch householthese are:

* Postponement of the gate closure time

* Reduction of the PTU length

* Alteration of the requirements for the offering of RRP
* Adjustment of the profile methodology

* Embedding of smart metering provisions

» Decentralized balancing control

The design options are specified here in what afie\ed to be realistic and beneficial
measures, so that the discussion of the desigorgptnd the formation of an improved
balancing market design in the next chapter camdxe specific.

Postponement of the gate closure time

The current gate closure time is one hour befoeePthU of operation. The postponement
of the gate closure time to half an hour before Bi@&J of operation might both be
feasible and lead to a significant improvement dfregramme accuracy. This change of
the gate closure time not only shifts the deadhmethe submission of the final E
Programmes, but also that for the T Prognoses (wdpecifies the use of network lines).

Reduction of the PTU length

The current PTU length is fifteen minutes. Whers tlength is decreased to ten or even
five minutes, the efficiency of the balancing manké! be increased to a major extent by
means of the higher accuracy of imbalance distobutThe feasibility depends on the

manageability of data and the ability of actorsdmplete their tasks in time.

Alteration of the requirements for the offeringRiRP

It was discussed above that the formulation ofpaisde list of RRP requirements for DG
is most convenient, because current requiremesetdime for central power plants but
probably not for DG. Considering the offering of C&S reserve power, the regulating
speed is expected to be large enough. Howevemitienum bid size constraint could be
decreased from 5 MW to 1 MW, so that only 1,000 ir&s have to be bundled instead
of 5,000. As only micro-CHP is suitable for RRP\sion and this technology is subject
to heat demand constraints, the RRP requirement®® should allow for a limited
availability and dispatch time. To this end, theFRBds from DG should be required to
specify exactly the available periods.

Adjustment of the profile methodology

For households that install a DG unit, a genergpiarfile should be assigned in addition
to a consumption profile. The generation profilasidd be formed and specified in the
Metering Code in the same way as consumption pofinstead of a Standard Yearly
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Consumption, a Standard Yearly Generation (SYG) Ww# determined for each
household. Possibly, multiple tariff categories Iwoe used for generation as well,
increasing the number of generation profiles andtiple (split) SYGs per consumer-
generator. For allocation by profiling, the geniematprofile and SYG will be used to
allocate household generation. Because the yeaalgimg could be reduced to monthly
reading and reconciliation, profiles and SYCs a@S should perhaps be updated more
often. For allocation by metering, the profiles il be useful for forecasting, analysis
and as a back-up for metering data generation.

Embedding of smart metering provisions

More than for the adjustment of the profile methodyg, the interpretation of the

embedding of smart metering provisions dependserchoice for an allocation method.
When allocation by metering is chosen (which istlaegording to the analysis results),
meter readings should be collected, transported, ased for exact allocation of

residential electricity production and consumptiewvery fifteen minutes. An efficient

communication and information protocol should bsigieed for this. The total process
should take at least less than fifteen minuteso&#cit should be regulated for which
purposes the smart meters may be used, a prouisadns also needed when allocation
by profiling is used. In specific, it should be akl to what extent suppliers or DSOs
can dim connections or shut off households comigldig means of the smart meters.
Finally, during an expert meeting of design groupd8 'Allocation and Reconciliation’

on August 28 2007, another important provision was mentionedatwshould be done

when metering data is missing, e.g. due to metespstem failure? Because the
allocation process will require a net exchange maudor every connection per PTU, this
volume must be generated artificially when it issemg. It should be specified on what
other data such 'data generation’ should be based.

Decentralized balancing control

Giving a realistic specification for decentralizedlancing control is the most difficult,
because this design option has the largest and wmsiplex implications. When
considering this design option, we will think abautlecentralized version of the current
centralized balancing control. In this version, th&al net production/consumption in a
distribution network is complemented with an import export stream from/to the
transmission network in order to balance distritmutsystem supply and demand. The
DSOs will be thought to operate a smaller, simpkriduted RRP market that only
places RRP from the distribution network, i.e. detiie DG and larger DG, on the
bidding ladder. Only when this distributed RRP nediik insufficient, import/export from
the transmission network will be considered, frorhick point the central balancing
market takes over. It must be noticed that DG hehthis way does not necessarily have
to come from households. It could also include powants coupled to the MV network,
possibly operated by the DSOs themsefves by market parties contracted by the
DSOs.

% This will then be DG built specifically for proviitg ancillary service like RRP provision, probably
funded by government.
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6. An improved balancing market design

The purpose of this chapter is to form an improleathncing market design for a Dutch
electricity market with a high domestic DG penetmatevel. To this extent, the effects of
the six design options identified in Chapter 5 goerational performance will be

considered in paragraph 6.1, both separate andhatiien effects. Then, the suitability of
the design options is tested by means of four ewhdit considerations in paragraph 6.2.
After that, an improved balancing market desigr k&l formed in paragraph 6.3. Finally,
in paragraph 6.4, an implementation plan for thiprioved design will be described.

6.1 Effects of promising design options

Postponement of the gate closure time

The postponement of the gate closure time to halh@ur before the operational PTU
will increase the accuracy of the E Programmes aaslhe when the predictability
increases by time. This is up and foremost the éastarge-scale PV penetration. For
this scenario, the design option has probably @ipesffect on the net result of the DG
scenario (A). However, the disadvantage of thisghesption is that TenneT has less
time to balance system supply and demand withkiudwledge about planned electricity
volumes. For PRPs, the shorter time to balancenally is compensated by the extra
time to submit an altered E Programme. This widthead to some more administrative
work for TenneT.

Reduction of the PTU length

The reduction of the PTU length to 10 or 5 minuaB improve the accuracy and
thereby the efficiency of the Dutch balancing markestruments. This in turn can
improve DG predictability and controllability: becse imbalance costs caused by DG
operators are more specifically distributed to thehey will make sure that their
operation becomes more predictable, by choosirgjtartechnology or more predictable
operating strategy, or by responding more condigtén price signals. For micro-CHP,
this option could even effectuate that consumeeg®ors hand over control to the
suppliers, to get rid of the financial risks ancegiional efforts. However, the reduction
will also lead to increased data flows, which cam particularly problematic for
allocation by metering.

Alteration of the requirements for the offeringRiRP

The creation of a separate list of RRP requiremém<DG makes it much easier to
provide RRP in the form of DG. This will increageetamount of RRP offered in the
single-buyer market for RRP, and decrease the emloal costs. This is only applicable to
the micro-CHP scenarios, where RRP provision isoption. This design option will
further increase the positive net result of largals micro-CHP penetration on the
operational performance of the Dutch balancing miarkut its importance of course
depends on the amount of DG participating in thé’Rkarket. According to the scenario
analysis, this amount will probably be small.
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Adjustment of the profile methodology

The creation of generation profiles and SYGs, dnadiclusion of their creation and use
in regulations and daily practices will lead to atelely low costs, because this
complements the current market design nicely. Hocation by profiling, this design
option obviously has a large positive effect, beseabousehold generation can then be
accounted for during Allocation. For allocation mmetering, generation profiles can still
be useful when a part of the smart metering systeis and metering data is missing.
The execution of this design option is thereforpested to have a positive effect on the
net results of the DG scenarios, although the efeed®V penetration can be zero.

Embedding of smart metering provisions

The instalment of enough data transfer, procesamstorage capacity is of course only
necessary when allocation by metering is chosehesallocation method, and is then a
prerequisite. Specification of the use of smarten&inctionalities and data generation in
case of missing metering data are actually alsaimed provisions. If technological
standards and operational and communication preesdare set up to tackle this in
advance, this will avoid switching costs and castsing from incompatibility problems
and conflicts later on. In general, the embeddihgneart metering provisions can make
sure that smart metering is used the right wayravipg the efficiency of the Allocation
process and of participation of DG in the electyionarket.

Decentralized balancing control

It is difficult to estimate what the effect of thatroduction of decentralized balancing
control is on the net result of DG scenarios on dperational performance of the
balancing market. The costs of this design optialh e large, because the whole
institutional arrangement has to be adapted, cbsetrstems will be needed for all the
DSOs, and coordination mechanisms for the tuninigatdncing tasks between the DSOs
and TenneT need to be installed. Besides, the &macwill probably run into many
technical and operational problems, which furthmerease the costs. For example, the
existence of distributed imbalance settlement systeext to the national one could lead
to excessively high imbalance costs for some thstion systems that would not have
occurred in the current balancing market desigmtAer example is that PRP suddenly
have to submit E Programmes to the relevant DSQgeHswhich increases the amount
of administrative faults and can therefore leadniare system imbalance. To minimize
the problems, a well-thought decentralized balapemarket design should be created,
that can be implemented without endangering thdesysbalance. If implemented
successfully, it will improve the transparency @ktem balancing in the Netherlands,
decrease potentially negative effects of DG integmna and add another level in system
balancing. This will improve the effectiveness bé tbalancing market to solve system
imbalances (so without having to use emergency poard decrease imbalance costs.
However, this only holds when DG can be managedused as RRP, so for the micro-
CHP scenarios. An additional benefit in micro-CHRrarios is that DG offered as RRP
does not have to compete with RRP from central tpJamvhich increases the
attractiveness of RRP provision.

Following a similar line of reasoning for VPPs bght et al. (2006), the added value of
this design option is considered as the crucidbfdor its assessment. The more negative
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the effect of large-scale micro-CHP penetrationtlon operational performance will be,

the higher the added value of decentralized batgnoontrol will be, the more attractive

this design option is. As has been described inathaysis in Chapter 4, the general
effect on operational reliability has been valusgasitive. However, there is uncertainty
about the nature of the technical effects, and atsthe economic attractiveness of the
creation of Virtual Power Plants, which might prewéhe offering of DG as RRP. This

would limit the positive effects of micro-CHP peragion to the general reduction of

system load.

Finally, since scenario D appears to have the positive net result and scenario B the
lowest, this design option is more attractive featled micro-CHP operation than for

(supplier controlled) electricity-led micro-CHP @pgon, even though opportunities for

RRP provision in scenario B are lower.

I nteraction effectsfor design options

Important for the formation of an improved balamcimarket design consisting of a
combination of the above design options are thesiplesinteraction effects that occur
when two or more design options are implementedilsameously.

The postponement of the gate closure time toythihutes before the operational
PTU is argued to be useful predominantly for lasgale PV penetration. This means that
the alteration of RRP requirements and decentidlizalancing control, which are
directed to dispatchable DG, will probably not beplemented along with this design
option. The need for adjustment of the profile noeiblogy and embedding of the smart
metering provisions depends on the allocation neettmsen, which does not interfere
with the system balancing tasks influenced by trenge of gate closure time.

The reduction of the PTU length is quite completagnwith the postponement
of the gate closure time, because both decreasgntikescale used. Quick handling of
procedures required by the first probably enaliespgostponement of the gate closure
time as well. Further, RRP requirements should gggshoe changed as a consequence,
but not necessarily. Next, the profile methodolsgpuld definitely be adjusted: a profile
fraction is needed for each 5 or 10 minutes, dejpgnah the new PTU length. Regarding
the embedding of smart metering, the reductionhef RTU length requires even more
data transfer and processing capacity. Finallys thesign option can complement the
implementation of decentralized balancing conteslpecially when technologies with a
quick regulating speed or that are relatively udmt@ble are used.

The alteration of the RRP requirements is onBfuisfor a large-scale penetration
of micro-CHP. In this case, micro-CHP will be used offer RRP, which requires
allocation by metering, and embedding of smart nregeprovisions as well. The
adjustment of the profile methodology is not needd@the implementation of
decentralized balancing control can be really Uséfut especially when adverse effects
of the micro-CHP penetration are expected to bgelathan anticipated in this research.
This is the case when the individual capacity antlle penetration level are larger than
assumed here, negative effects are underestimaad/or positive effects are
overestimated.

The adjustment of the profile methodology is mainseful when allocation by
profiling will be used as the allocation method.r Edlocation by metering, domestic
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generation is exactly metered, and thorough deddysis by means of smart metering can
substitute the use of profiles for prediction.

The embedding of smart metering provisions is mafre&x precondition when
smart meters are installed in every household. &hgarticularly important when the
metering allocation method will be used, which eés@ding to the analysis in Chapter 4
favourable for a decentralized Dutch electricitgteyn.

Decentralized balancing control should be implet@@nvhen the negative effects
of large-scale DG penetration at Dutch househotdsystem balancing capabilities are
significant. The distributed RRP markets can ndiunaield other RRP requirements,
directed to the distributed generation that will diéered on them. This means that
decentralized balancing control and the alteratioh RRP requirements are
complementary design options. A later gate closume could have a negative impact
here, because, although the task of TenneT ofrmys#ancing on the national level will
be relieved, he must wait on the 'balancing stateie different distribution networks
that result from the balancing control by the DSTss causes a time delay for TenneT,
which increases again the time needed for systdandiag between gate closure time
and operational time.

Summarizing this paragraph, in scenario A the chaoigthe gate closure time
should be implemented, while in the micro-CHP sdesathe alteration of RRP
requirement should be implemented, in combinatidh decentralized balancing control
when the negative effects of micro-CHP penetratios really significant. Furthermore,
embedding of smart metering provisions should asnag implemented (though is more
important for allocation by metering), while thejustment of the profile methodology
should be implemented when allocation by profiliaghosen. Finally, the reduction of
the PTU length is most useful for the balancingketiwhen allocation by metering is
chosen, because DG operators will than face mareraie imbalance costs. In case of
allocation by metering, this reduction will stilifact the continuously metered producers
and producers. All this is shown in Table 5. Dgr&gy means that implementation of the
design option is really beneficial; light grey th#te implementation is limitedly
beneficial, depending on the DG scenario emergeddtanallocation method chosen.

Decentralized
Reduction of |Alteration RRP|profile Embedding |balancing
the PTU lengthrequirements |methodology [smart meteringcontrol

Decrease of
Allocation |gate closure
method |time

Scenario A | profiling

metering

Scenario B | profiling

metering

Scenario C | profiling

metering

Scenario D | profiling

metering

Dark grey = largely beneficial ; Light grey = liradly beneficial

Table 5: Indication of the desirability of the defgn options for all scenarios and allocation optios
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6.2 Suitability of design options

When considering the adjustment of the current Biialancing market design in order
to make it more suitable for the large-scale iniithbn of domestic DG, one should not
only take into account the effects on the operaliperformance in a future decentralized
electricity system, but also in the current cemteal electricity system. The latter
includes the effects on DG development, as differdasigns can change the
attractiveness of investment in different DG tedbgs.

Furthermore, it is important what the relevant extthink of changes to the current
balancing market design, especially when they dackht. Finally, the feasibility of the
design option is important. This leads to four &ddal considerations for the design
options:

0 The effect of the design options on the performaridbecurrentelectricity system

o The effect of the design options on the probabibfy development of the DG
scenarios

0 Actor support of the design options

o Feasibility of the design options

Effect on the performance of the current system

The postponement of the gate closure time is tHg design option that can have a
significant positive effect on the operational pemiance of the balancing market in the
current system. The alteration of RRP requiremeatsbedding of smart metering
provisions and adjustment of the profile methodglage not applicable, because there is
no domestic DG penetration and no smart meteritigoud. Decentralized balancing
control for the current system is also uselessaliee there is not enough production
capacity coupled to the distribution networks. Tieeluction of the PTU length can
already improve the balancing market efficiencythié larger information streams are
manageable for especially the grid operators.

Effect on the probability of DG scenario developmen

In scenarios A, B, and C, the households are assumevest in and operate the DG
units. The investment decision is based on investroests, operational costs, revenues,
and Return-On-Investment. The financial attractegsnof DG is not directly influenced
by the design options, except in scenario D. Imade D the supplier is thought to
invest. When the opportunities for profit by actinerket participation are increased,
investment will be more attractive to suppliersisTmeans that the alteration of RRP
requirements, embedding of smart metering provssicand decentralized balancing
control will stimulate the development of scenddio

Considering the indirect influence of design opsiothe change of the gate closure time
will facilitate the development of the PV scenafi@cause predictability of PV output
will improve, which in the end could increase the@t price received by consumer-
generators. For the micro-CHP scenarios, alteradfdRRP requirements, embedding of
smart metering provisions, and decentralized balgncontrol will facilitate micro-CHP
penetration, although the last option could de&@dhs balancing market performance.
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The adjustment of the profile methodology stimudat®G penetration without
dependence on the smart metering development, wbach be an advantage. The
reduction of the PTU length will improve the eféacy of imbalance settlement, and
therefore facilitate the development of predictabie controllable DG.

Actor support

To start, market parties will be happy with a posgment of the gate closure time,
because they will gain more time to submit accukairogrammes. The reduction of the
PTU length can lead to more administrative work {fe creation of RRP messages and
E Programmes), but the increased efficiency oflese@int of deployed RRP and
imbalances will probably lead to a much larger Wién&lteration of the RRP
requirements will be favourable to parties involviedDG operation because of the
creation of a separate list of RRP requirementdDiGr Furthermore, the adjustment of
the profile methodology and the embedding of smmaatering provisions are also options
that facilitate the development of DG and smartersgtand are not expected to have
disadvantages for the stakeholders. Finally, deakr¢d balancing control has the
highest risk of being disadvantageous. For gridratpes, the administrative balancing
market costs can increase a lot, DSOs might beteeitito obtain responsibility over the
distribution system balance, and PRPs could facehnihigher imbalance costs when
distributed RRP markets are used.

Summarizing, it is expected that the six designomgt will meet few to no resistance
from electricity market participants, because imagal these design options will only
reduce costs and offer more opportunities for mgkirofit.

Feasibility

The feasibility of the postponement of the gatesgte time could be limited because of
the timed needed by TenneT to finalize on the neasmice of the system balance. The
alteration of RRP requirements, which takes thenfof a separate list for DG, can be
implemented easily. The same holds for embeddingnoért metering provisions, in
contrast to the implementation of the intelligeatntnunication infrastructure needed for
smart metering itself. The adjustment of the peofihethodology will not change the
basis structure, and will therefore be easy to @mant as well.

However, the introduction of decentralized balagcoontrol will probably pose many
small and large problems. The whole institutionabiagement of the Dutch balancing
market design has to be adapted in order to impierttes design option. This is a
difficult task on its own, but making the new amgament work as satisfactorily as the
current balancing market design can also becomarge |hurdle. An example of a
potential problem is the decreased transparendiieosystem load balancing status for
TenneT. Furthermore, the existence of multiple Ri&tkets might lead to excessively
high imbalance prices due to the decreased offamaslints in each of them.

Finally, the reduction of the PTU length is feasjbbut requires that the increased
information from more frequent RRP messages, E mroges and imbalance
information is manageable for grid operators andketgparties.
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6.3 An improved balancing market design

With the six design options derived in Chapterhe description of the effects of these
design options in paragraph 6.1, and the discussiidheir suitability in paragraph 6.2,

here an improved balancing market design will bened that anticipates large-scale
domestic DG penetration in the Dutch electricitysteyn. Consideration of the

implementation of an improved design before the @etration has arisen is the most
crucial, because it can prevent negative effectshenoperational performance of the
Dutch balancing market, and will be based on indetegnformation about these effects.

The six design options identified are the postpaer@nof the gate closure time, the
reduction of the PTU length, the alteration of tequirements for the offering of RRP,

the adjustment of the profile methodology, the etdlogg of smart metering provisions,

and decentralized balancing control. The formatadnan improved design can be

commenced by identification of the interdependeoicthe design options, based on the
interaction effects described in paragraph 6.1.

The adjustment of the profile methodology and thbedding of smart metering
provisions are options that are independent froe dther options, because they are
related to profiles, which can have a functionrny &uture scenario, and to smart meters,
which were assumed to be installed in every Dutobisbhold. Next, alteration of the
RRP requirements and decentralized balancing domir® both DG-related design
options and can improve each other’s effect, batfittst can be useful on its own while
the second needs the first to maximize the amotiRRP offered. Furthermore, the
reduction of the PTU length and the postponemetii@fate closure time are both time-
related design options. It was said that they arepdementary in the sense that they both
decrease the time-scale and can improve balanciagkan efficiency, but also that
simultaneous implementation can add too much butdléne balancing market since the
reduction of the PTU length increases data flond amater gate closure time decreases
the time for TenneT to finalize on system balan@ntenance. Finally, implementation
of these last two design options also influences \thlue of the DG-related design
options, and vice versa. For example, when theesysimbalance costs are better
distributed, possible negative effects of DG depelent will result in a lower
attractiveness of further DG investment, makinget@lized balancing control a less
suitable option.

Ergo, only adjustment of the profile methodologydaembedding of smart
metering provisions can really be called independi&sign options, the other four are
more dependent design options.

In paragraph 6.2 it has been shown that both asipport for and feasibility of the
implementation of the design options are good (wligkcentralized balancing control as
the exception). This is why the creation of the iayed balancing market design will be
based on the dependency of the suitability of adesfgions on the emerging DG scenario
and the chosen allocation method (see paragraph &itl on the interdependency
between design options (see above).
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As the obvious starting point for the improved balag market design, thedjustment of
the profile methodologynd theembedding of smart metering provisiocan be put
forward. Not only are these two the only independiasign options, they also can be
argued to be useful in any scenario. It is truet ttie adjustment of the profile
methodology is most useful when allocation by pidi is chosen, but in case of
allocation by means of smart metering the profdas still be used for forecasting and
data generation when data is missing. The embedufirggnart metering provisions is
most useful when allocation by metering is chodart, the agreement on used smart
metering functions and information exchange is atgoortant for allocation by profiling.
Finally, the investment in data transport capaci#tydesirable because allocation by
metering has come up as the best allocation metiwbde the creation of generation
profiles does not cost a lot of money. All of tihésds to the conclusion that these two
design options should be implemented whichever Béaario will arise.

Then, for the anticipation of PV penetratitime postponement of the gate closure
time has been identified as a suitable design opti@talbse it enables PRPs with
responsibility over PV owners to submit more actur& Programmes. For the
anticipation of micro-CHP penetratiothe alteration of RRP requiremenis a good
option that increases the amount of DG that canwaiticbe offered in the market for
Regulating and Reserve Power.

Subsequently, the suitability of tlreduction of the PTU lengtiwvas argued to
depend on the manageability of the larger metedata flows. When allocation by
metering is chosen, the amount of metering datairgpinom the continuously metered
households will already be enormous compared tecuhent situation, but in case of the
change to a PTU of five minutes, the already lataga flows will triple. Furthermore, the
suitability of decentralized balancing contrdlas been argued to depend mainly on the
nature of the technical effects of large-scale dsiirondG penetration. When these effects
are very negative, the large increase in systemalmmoes can be countered by
introducing system balancing control on the disttitn system level.

Putting all the above together, and noticing thatDG technology emerging, the
manageability of data, and the nature of the texireffects of DG penetration do not
fixate each other, the improved balancing marksigiecreated here can be represented
by Figure 24.

Postponement
of the gate
closure time

Reduction of
the PTU length

PV +
manageable
data

Embedding of smart

PV + metering provisions Micro-CHP +
adverse & ] manageable
effects Adjustment of the profile data

methodology

Micro-CHP +
adverse effects

Decentralized
balancing
control

Alteration of
the RRP
requirements

Figure 24: Improved balancing market design that aticipates a high domestic DG penetration level
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As a validation to the above balancing market desithe different decentralized

situations anticipated can all be argued to beiplessAdverse technical effects of DG

penetration are possible for both micro-CHP and g&vietration, which increases the
value of decentralized balancing control. Geneyaigduction of the PTU length is a

beneficial option, but the increase in meteringadshould be manageable. Both the
manageability of metering data and the nature ohnigal DG effects are inherent

technological features, which are quite independérthe emerging DG technology and
the accompanying design option implemented. Thiswshthat the emerging DG

technology, the nature of the technical DG effeats] the manageability of metering
data are indeed valuable as different criteriatfa choice for implementation of an

improved balancing market design. Thus, in totakré are eight possible situations:
either micro-CHP or PV emerges as the leading D&hnielogy, technical effects are

either positive/insignificant or adverse, and maggdata flows are either manageable or
unmanageable. To these respond eight fine-tunedradesall of which can be found in

Figure 24. For the combinations of ‘adverse effestd unmanageable data’ and ‘non-
adverse effects and manageable data’, the four smaalgles show four of the fine-tined

designs. For the combination ‘adverse effects armhageable data’, the two large
triangles show two more fine-tuned designs. Fordbmbination ‘non-adverse effects

and unmanageable data’, the diagonal from the upfiezorner to the lower right corner

shows the last two fine-tuned designs: for microFCpenetration only the alteration of
RRP requirements should be implemented next tbwbecentre ones; for PV penetration
this is the postponement of the gate closure time.

Furthermore, it is interesting to notice that tlesgible combined development of both
micro-CHP and PV in Dutch households on a largéestan be coupled to the remaining
fine-tuned designs that can be formed with the owed balancing design shown in
Figure 24. Such a combined development has not imefided in the analysis, but is
quite plausible: the Dutch government will wantstonulate PV for its sustainability and
micro-CHP for its high energy efficiency. The twanraining large triangles in Figure 24
correspond to fine-tuned designs for situationsahbined development where either
technical effects are adverse or the amount of dataanageable. When both are the
case, all design options are included. Finally,tfer combined development of PV and
micro-CHP where effects are not adverse and togelaata flows are unmanageable,
only the adjustment of the profile methodology @hd embedding of smart metering
provisions are really useful. After all, the prediality of PV in combination with the
possibility to control micro-CHP to adjust the P¥ngration pattern makes the need of
DG as RRP minimal, and thus the alteration of R&fiirements unnecessary.

Concluding on this, an improved balancing marksigtefor the Dutch electricity system
that anticipates large-scale domestic DG developmeleast includes the adjustment of
the profile methodology and the embedding of smaatering provisions. Depending on
the DG technology emerging, the postponement ofjttte closure time (for PV) and/or
the alteration of RRP requirements (for micro-CHBhould be implemented.
Decentralized balancing control and the reductidntlee PTU length could be
implemented in advance as well, depending on thar@aof the technical effects of
domestic DG development and the manageabilityrgelanetering data flows.
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6.4 Implementation plan

In this paragraph, a plan for the implementatiothefimproved balancing market design
that anticipates large-scale DG penetration is rdeset. This plan is based on the
following line of reasoning. It is not possibleknow for sure what the future may bring,
and therefore which fine-tuned design should besehdrom the improved balancing
market design formed in paragraph 6.3. Based ositbation (including the amount of
knowledge), the design could be implemented irspbanstead of entirely at one point
in time. Finally, it can be worthwhile to carry osthme other measures not part of the
balancing market design that can facilitate therddslomestic DG development.

To start, it was argued above that a fine-tunedigdeshould be picked for
implementation from the general improved balanamayket design depicted in Figure
24. The selection should be based on the DG teocbgatmerging, the nature of the
technical effects of DG penetration, and the maabijey of metering data flows. On
this moment, it can not be said which situationl ailse, seeing that both the nature of
technical DG effects and the manageability of ladgéa flows have been identified as
uncertainties, and that the nature of DG developnsenot certain either. After all, there
is no experience with high DG penetration levelas&l on the conducted research, it is
believed that the nature of DG development willdme known first (due to specific
governmental stimulation), followed by the managi@gbof metering data later on
(thanks to the analysis of a first group of conbimsly metered residential DG owners),
and finalized by the nature of the technical DGeetl§ (after extensive and realistic
performance studies).

To continue, the suitability of implementation single design options also
depends on other factors. Firfite adjustment of the profile methodolazn already be
implemented before a large-scale domestic DG pat@tr has arisen, because the
‘metering campaign’ normally executed to create rmofiles makes use of a limited
group of connections. Currently, there is enoughifPthe Netherlands to do this, but the
campaign of course requires continuous metering wismart generation meter. Second,
the embedding of smart metering provisiar@ best be implemented when there is
agreement about communication protocols, smart nmgtdunctions, and operational
procedures to be used. This can be based on expeneth smart metering of the first
households that have a DG unit. Third, thieeration of RRP requirementshould
obviously be based on the technical capabilitiesD&. For the setting of a lower
minimum bid size, it should be investigated whicth izes in which quantities can still
be handled by TenneT in the RRP market. Fourthstiiability of thepostponement of
the gate closure timdepends on TenneT’s ability to safeguard the systalance in all
possible future DG scenarios. Fifth, for treduction of the PTU lengtmext to the
manageability of data flows, actors should alsaabke to perform their extended tasks
adequately. Sixth, fodecentralized balancing controlnot only the nature of the
technical DG effects is important, but also the amaf actor support (especially from
the DSOs), the height of the switching costs, th@nge in balancing market efficiency,
and the amount of arising technical and proceduablems.
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It can be concluded that most aspects of the ingatdalancing market design can best
be implemented on a favourable moment in the ttimnsperiod towards a large-scale
penetration of DG in Dutch households. The postpuwrd the implementation of design
options until more is known about the nature ofng®in the Dutch electricity system
reduces the risks of implementing unsuitable ormuiably tuned design options much
more than is gained from immediate implementation.

Furthermore, it can be concluded from the above pghabably the embedding of
smart metering provisions should happen firstofeéd by the adjustment of the profile
methodology, because these are useful in any isitud/hen the emerging domestic DG
portfolio becomes more certain, the postponemernthefgate closure time and/or the
alteration of RRP requirements can be implemeriféé. first can best be implemented
when PV is the dominating technology, or micro-CptBves very predictable, while for
the second micro-CHP penetration should be largeeaact micro-CHP features should
be known. Then, whenever experience with smart mngtgroves the manageability of
large data flows, the reduction of the PTU length be implemented. Finally, whenever
the adverse effects of a high DG penetration lbagke become proven, this penetration is
certain to arise, and expected costs and diffiesiitare acceptable, decentralized
balancing control should be implemented.

Considering additional measures that can facilitatge-scale DG penetration, some
important recommendations were made during the $@ainar of the Europe DG-GRID
and ELEP projects on Jun8 3007. Important ones are:

* Reinforcement of the distribution grids neededD@ integration. The need for
this can be reduced by more active network managebyeDSOs.

e DSO should not be compensated through DG connectiarges. To guarantee
non-discriminatory network access, DG connecticargés should be based on
shallow costs (i.e. direct costs of the connectiberause of the transparency and
consistency of it, clear division of cost respoilgibs and a non-discriminatory
environment.

* DG integration costs should be socialized amongwoers and DG operators
through Use of System charges. These can alsodativee when network savings
are greater than the costs.

» Simplification and streamlining of authorisatiorertification procedures and
rules for DG. Procedures for DG should also be dignriminatory, and should
include standard interconnection contracts, baseslze and/or technology.

As said, such additional measures can help stedi@gdevelopment in the desired
direction. This could enable an earlier implemeatatof the alteration of RRP
requirements and/or the postponement of the gateie time, because the DG portfolio
of the expected domestic DG penetration would beaice at an earlier time.
Furthermore, the enactment of DG connection stalsdand the institutionalization of
fair distribution of costs and benefits could madee that only DG with significant
positive network effects are installed, thus preévegnthe need for implementation of
decentralized balancing control. Finally, these soeas can generally improve the
positive effects of domestic DG development andebse the negative ones, making the
need for and added value of all design options lemddut paradoxically also increasing
the opportunities to implement them.
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7. Conclusion

7.1 Recommendations

The created improved balancing market design gaticig a high domestic DG
penetration level is recommended to be implememiedhe basis of to-be-gathered
knowledge about the nature of the emerging teclyncdd DG portfolio, the nature of the
technical effects of DG, and on the manageabilitiange metering data flows. The best
combination of design options in the improved baiag market design depends largely
on those factors. Furthermore, it is recommendeinfdement the improved design in
phases, because not all knowledge needed to mekienfiiementation decisions can be
obtained in the same time.

As a consequence, the embedding of smart meterogspns should happen first,
followed by the adjustment of the profile methodpipbecause these two design options
are useful in any situation. When the emerging dgtimeéDG portfolio becomes more
certain, the postponement of the gate closure tand/or the alteration of RRP
requirements can be implemented. The first can besimplemented when PV is the
dominating technology, or micro-CHP proves verydortable, while for the second
micro-CHP penetration should be large and the eracto-CHP features should be
known. Then, whenever experience with smart mejepdroves the manageability of
large data flows, the reduction of the PTU lengih be implemented. Finally, whenever
the adverse effects of a high DG penetration lbagke become proven, this penetration is
certain to arise, and expected costs and diffieslltare acceptable, decentralized
balancing control should be implemented.

The most suitable actor for leading the eventuglémentation of design options and for
monitoring the electricity sector developments mbably the Dutch TSO TenneT.
TenneT should monitor the progress made in theallaibn and operation of smart
metering and domestic DG, and frequently evaluaeatided value and feasibility of the
implementation of the design options. To get thqumed information, and reach
consensus with the relevant stakeholders (produsappliers, PRPs, DTe), this should
be accompanied by frequent discussions of the apddlesirability for change. As said,
the actors will support the implementation of tlesign options.

It is recommended that grid operators, PRPs, @&dgtsuppliers, metering data
companies and other relevant parties should disthessnerits and demerits of a few
profiles versus many profiles, but also those afcaltion by profiling versus allocation
by metering. Open discussion and decision-makingneeded, because the required
knowledge resides in the different stakeholders tied decisions affect all of them.
Allocation by metering can be considered for impdetation before all households have
a smart metering facility. A possible plan is tetall smart meters first at households that
have a DG unit or are installing one, and to usecation by metering only for the
households with a DG unit. After all, this is theshunpredictable and interesting group,
which will in the beginning be much smaller thae ttvo million assumed in the scenario
analysis.
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Considering the embedding of smart metering proumsiand the adjustment of the
profile methodology, which should be implementedtfand no matter what scenario will
emerge, the following can be said.

The development of smart metering and the roll@fusmart meters should be closely
monitored. All the smart meters installed shoulgenthe same characteristics, and the
desired functions should be operative. To this mxtihe Dutch Technical Agreement
NTA 8130 is an important guiding document. The @cdjgroup of the same name has
formulated the different functions smart meteringstems should have, and the
(technical) requirements that are posed to thesetifins. Also, it has proposed to the
Ministry of Economic Affairs to keep the projectogp alive, so that it can evaluate the
content of the NTA 8130 at least once per year,@ssibly make suggestions for action
(NEN 2007). Such an arrangement would indeed helmake sure that the desirable
functions are operative for all smart metering syst installed, so that allocation by
metering will become possible.

As for the creation of new generation profiles fiistributed generation in
households, a trade-off should be made betweenrawmcuof allocation and the
complexity of the profile methodology. Especiallyhen different micro-CHP units
would be installed in Dutch households, differemduction patterns would arise that
could be described by means of different profilkkhough the creation of profiles is
relatively cheap (in comparison to smart meteritigg,increase of the number of profiles
will make the process of the assignment and upgatfrprofiles more difficult, and the
Allocation process as well. The predictability betintegrative generation pattern for a
group consisting of different micro-CHP units shibbk studied to make a good decision.
This predictability will also influence the addedlwe of allocation by metering, and is
therefore useful information to base the choiceaforllocation method on.

Finally, as new knowledge is gained about differB@ technologies, and some have
been proven to be inferior to others for technaaénvironmental reasons, the Ministry
of Economic Affairs should adapt the DG stimulatiamangements (subsidies, taxes)
accordingly, so that the desired DG developmemcmnomically driven. This will also
reduce the risk that the early implementation @fakancing market design (option) will
decrease the operational performance of the balgmearket instead of increasing it.

If further DG penetration in general will have bgeoven to endanger system reliability,
it will probably be most effective to let the castwices and charges related to DG
installation and operation reflect the increasettgiof system imbalance and failures.
But, as the scenarios analysis indicates, suchnatyadion level will probably be very
high, and may never be reached.
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7.2 Conclusions

The answer to the main research questwmch balancing market design will have a
high operational performance for a large-scale peaion of distributed generation at
households in the Dutch electricity systesrthe following. The current balancing market
design is capable of maintaining a sufficient perfance level in case of large-scale
domestic DG development. However, the implemematiothe adjustment of the profile
methodology, the embedding of smart metering prongsand DG-embedding regulation
will be useful in any case. The usefulness of ottygions have been found to depend
mainly on the DG portfolio emerging, the naturetled technical effects of domestic DG
development, and the manageability of large megedista flows. Therefore, the created
improved balancing market design anticipating lesgale domestic DG penetration
advices the implementation of a specific combimaid design options based on these
factors.

The current Dutch balancing market desiggub( question )1 can be said to be
successfully embedded in the Dutch liberalizedtat@ty market, because market parties
are driven to prevent and resolve system imbalanédlsthree balancing market
instruments, i.e. Programme Responsibility, thglsibuyer market for Regulating and
Reserve Power (RRP) and imbalance settlement,ibotdrto this. Looking at the current
balancing market results, the Dutch balancing nmadesign can be said to function
satisfactorily: less than 3.5% of the system load to be balanced in the RRP market.

For all three balancing market instruments a tatesailed requirements exist. On
the basis of a formulated list of requirements\d&tifrom balancing market documents,
a shorter set of performance criteria has been utated, together reflecting the
operational performance of the Dutch balancing marttesign. These performance
criteria have been ranked per balancing marketunstnt, and are all aspects of either
short-term economic performance or short-term systdiability.

The effects of a large-scale penetration of disted generation at Dutch
households on the operational performance of tkenbeng marketgub question 3have
been analyzed by means of the qualitative valuatiotihe performance criteria for four
DG scenarios and two allocation methods. The DGnawes have assumed the
penetration of two million 1 k\/ DG units at households: PV (A), heat-led micro-CHP
(B), electricity-led micro-CHP operated by the helusids (C), or electricity-led micro-
CHP operated by the supplier (D). The allocationthogs considered have been
allocation making use of profiles (allocation byfiing), and allocation making use of
smart meters (allocation by metering).

The most important result from the scenario analisithat from the four domestic DG

scenarios considered, scenario A leads to a decieasperational performance, while

the micro-CHP scenarios lead to an increase. SiceBacauses the largest increase of
operational performance, but the plausibility ofstlscenario is more limited. The

decrease in scenario A is significant but not erursn which also holds for the increase
in scenario D. The positive effect of scenario Gngall, while for scenario B the effects

are minimal.

118



Furthermore, the choice for allocation by meteriagvays comes out as the best
allocation method. The best metering option appé&arnse gross generation metering,
while the creation of new generation profiles fdd & the best profiling option.
Uncertainties uncovered by the analysis encompess$eight of the costs of allocation
by metering, the manageability of large data flothis,technical effects of large-scale DG
penetration, the costs of Virtual Power Plants résponse of households to price signals,
and the possibilities for mutually beneficial catiual arrangements between suppliers
and consumer-generators.

There are a lot of design options for the Dutchabeing market design, but only
six have been identified to potentially improve thaticipation for a large-scale
introduction of domestic DGs(b question ¥ The postponement of the gate closure
time, the reduction of the PTU length, the altemnatof the requirements for the offering
of RRP, the adjustment of the profile methodoloth)e embedding of smart metering
provisions, and decentralized balancing control.

An improved balancing market design has been forfoethe Dutch electricity system,
in order to anticipate the large-scale penetratibdomestic DG gub question 6 This
exists of at least the embedding of smart metepmuyisions and the adjustment of the
profile methodology. Possibly it also consists bé talteration of RRP requirements
and/or the postponement of the gate closure tingerting on the emerging DG
portfolio, the reduction of the PTU length depemdion the manageability of large
metering data flows, and decentralized balancingrobdepending on the nature of the
technical effects of domestic DG development. Addal measures like grid
reinforcement and formation of DG standards canpgement the implementation of the
improved design to stimulate the desired domes@icd@velopment.

Furthermore, it is recommended to implement therawgd design in phases,
because of the gradual increase in knowledge ne¢unlemiake the implementation
decisions. To this extent, studies of the use o&rsrmetering and the behaviour of
consumer-generators will help. For good monitofliygTenneT, especially with respect
to the more far-reaching design options like thduotion of the PTU length and
decentralized balancing control, discussion anchagecision-making with the relevant
actors is advisable. The more information is gatiethe better the decisions whether or
not to implement which design options, the smaherrisks that the implementation will
not or insufficiently increase the operational periance of the Dutch balancing market
in a future electricity system with a high dome®i& penetration level.
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7.3 Reflection

The research and in particular the analysis hareesshortcomings that limit the validity
of the conclusions drawn in the last paragraph. Ten shortcomings lie in the
limitations of the qualitative scenario analysiediso determine the effect of large-scale
domestic DG penetration on the operational perfocaaof the Dutch balancing market.
Most important, the qualitative valuation is muatsd valuable than a quantitative
valuation, because the magnitude of the qualitatifects cannot be compared to e.g.
foreign balancing markets. Furthermore, the effagisroach in this research does not
reveal how large the effects of DG penetration ererelation to the operational
performance level of the Dutch balancing marketesehtwo limitations significantly
reduce the possibilities to draw conclusions amit liheir value.

Other restrictions of the qualitative analysis astated to the use of a small
number of DG scenarios, allocation methods, antbpaance criteria. Although the use
of extreme variants of DG scenarios and allocatiwethods are suitable to reveal the
possible range of effects of large-scale DG petietrait is possible that scenarios or
methods unconsidered have unexpected effects.rticydar a DG scenario combining
PV and micro-CHP is worth mentioning in this redpéc addition, a hybrid form of
allocation by metering and allocation by profilimgght combine accurate allocation with
low allocation costs. Finally, the performanceemid used might be incomplete, overlap
partially, or could have badly chosen weights. Histract level of the performance
criteria might conceal the real contributing fastdio the effects of domestic DG
penetration, blurring the outcomes and reducingribights gained.

Furthermore, in the analysis the system environrhastbeen assumed constant.
In reality this will not be the case. The electgyiand heat demand, the central production
portfolio (sizes and technologies), the grid catyadossil fuel prices, and the actor field,
among else, will all probably change. Since thdsmmnges are likely to alter the effects of
large-scale domestic DG development, the assumpdidher limits the validity of the
analysis.

Finally, a last important limitation of the analyss the restriction to 1 kWDG
units and a penetration level of two million houslels in the Netherlands. It can be
expected that larger DG production capacities angel penetration levels will increase
the effects of DG penetration on the operationafgpeance of the Dutch balancing
market. Moreover, it is conceivable that the nsuhewill suddenly change from positive
to negative or vice versa for changing capacitre§@ penetration levels.

As a last remark, the question can be posed wheth@ot another research method
should have been chosen for the conduction ofréssarch. However, the limited time

and means in combination with the complexity of shbject excluded the possibility of a

quantitative analysis on beforehand. Furthermohne, ise of a technical model to

simulate the network effects of different DG scé&swould only shed light on a part of

the system investigated in this research. Findly consultation of experts for the

estimation of the effects would be hard to execbexause not much people have a
complete overview of the Dutch balancing marketalene sufficient knowledge about

the (future) technical features of distributed gatien and smart metering facilities.
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7.4 Suggestions for further research

From the above conclusions and reflection someesigms for further research evolve.
These are listed here, separated in suggestiatedeb the research methods used in this
research and suggestions for more detailed researother subjects.

» Valuation of the absolute operational performanicéhe current Dutch balancing
market design, so that the relative effect of ddmd3G development becomes
known.

* Performing a quantitative version of the scenamalygsis conducted in this
research, which will be more precise, instructind aomparable.

* The validation and possible improvement of the ugsdf performance criteria
and the used weights by means of an expert gragiose

 The removal of the uncertainty related to the temdineffects of large-scale
domestic DG penetration, by means of more detasli@ulation studies and
(preferably) close examination of network effectshe introduction of domestic
DG in reality.

« The analysis of DG scenarios that assume a higetaion level of both PV and
micro-CHP in either the same households or in diffe ones. This will shed
more light on the possible effects of a large-sdalmestic DG penetration.

* Investigation of the costs and possibilities of menetering, especially
concerning the collection of meter readings evétgen minutes.

* Investigation of the costs and possibilities of fbemation and use of Virtual
Power Plants in the Dutch electricity market, imdhg the use of DG as
Regulating and Reserve Power.

* A study of the response of households to price asyigiven by suppliers to
change residential consumption and/or productiotiepes. Both the level of
response and the predictability of response aneterfest.

» Investigation of the possibilities for realizatiohscenario D, i.e. the operation of
domestic micro-CHP units by electricity suppliers.

* Investigation of the feasibility of residential ¢ol systems for micro-CHP units
that can be used by consumer-generators to proipg@amicro-CHP unit to switch
on and off automatically based on price signalstaaet provision constraints.

* A study of the possibilities of domestic electrycsttorage. Electricity storage has
not been considered in the research at all, beaafuise prohibitively high costs
and limited capacity. However, technological depetent could improve the
opportunities for domestic electricity storage.sSTbould greatly reduce electricity
export rates and fluctuation of the export volurfresn households with a DG
unit installed, and further increase flexibility BIG operation and opportunities
for generation and demand shifting.
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Appendix A: The Dutch electricity system

Structure of the Dutch electricity system

The Dutch electricity system is defined in thise@sh proposal as the system that
comprises the generation, transmission, distribuéind supply of electricity within the
borders of the Netherlands, including the interemtion capacity available for electricity
import and export. The Dutch electricity system barviewed upon as having a physical
layer and an economic layer (see Figure Al).

The physical layer consists of the Dutch electyigéneration units (operated by
electricity producers), the Dutch transmission rmetw(operated by TenneT), Dutch
distribution networks (operated by DSOs), and alitdh electricity consumers.
Electricity producers generate electricity, which first fed into the high-voltage
transmission grid. This transmission grid is owrsedl operated by TenneT, who is
therefore called the Dutch Transmission System &@pe(TSO). The transmission grid
connects the large and central power plants andigtgbution networks throughout the
Netherlands, and therefore has a high transporaatigp The electricity subsequently
flows through the distribution grids to reach thecticity consumers. These distribution
networks are owned and operated by regional griekaiprs, or Distribution System
Operators (DSOS},

The economic layer contains the arrangements éatratity trade. For the Dutch
electricity system, these consist of a spot markddilateral market, a balancing market
(which is actually a mechanism), and an import capauction. Together, these markets
form the overarching ‘Dutch electricity market’.
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Figure Al: Demarcation of the Dutch electricity sytem (L.J. de Vries 2006, TPM, TU Delft)

9 The name ‘distribution system operator’ is a bisptaced, because the regional grid operators do no
perform many system services as does the DutchTeSm@eT for the balancing of system supply and
demand and the resolution of transport restrictibltavever, they still are grid operators like Tefine
(albeit on a smaller level), and their system ofi@natasks might be increased in the future, wiaemong
else, the share of distribution generation increase
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The bilateral market, also called Over-The-Courf@ftC) market, where electricity is
traded by contract, is currently the largest eleityr market. Electricity producers and
suppliers often sign contracts to safeguard thaet electricity for a certain price for a
longer time.

The name 'spot market' is confusing, because enntlarket electricity is traded
one day ahead of the actual time of delivery. thexefore also called 'day ahead market’,
which will be used here as well. The day-ahead etat&kes places at the Amsterdam
Power Exchange (APX). Its role in the Dutch eledyimarket is limited: only 14.5% of
the traded electricity in 2005 was traded on thXAPnergieNed 2006).

Because there is a limited interconnection capaaitgilable for cross-border
trade of electricity between the Netherlands anighimuring countries (Belgium and
Germany, in the near future also Norway and Gre#a&iB), this capacity is auctioned by
TenneT on an hourly basis. Compared to the daigctetity amount traded, the
interconnection capacity is limited: at maximum G848W is available for trade, while
the load of the national grid can at times be higihan 15,000 MW. The imported
electricity is trade via the APX.

Until one hour before the time of delivery, eledty can still be traded, mainly
by Programme Responsible Parties to balance theplg and demand. This can take
place on the APX or directly between parties. Thtached market is also called the
intraday market.

As a last resort for maintaining the system balandbe Dutch electricity system,
TenneT operates the so-called balancing marketauec the balancing market only
solves the imbalance resulting from deviations fqglanned amounts of production and
delivery, and market parties do their best to avbelhigh imbalance costs, the balancing
market normally has to deal with a relatively snaaiount of electricity.

Regulatory regime for the Dutch electricity system

Like every other electricity sector, the Dutch #lietty sector has been governmentally
owned since its origin, up to the nineties. The gmn belief in the efficiency of the
market has led to international enforcement ofliteralization of the electricity sector
by European Directive 96/92/EG, replaced later Img@®ive 2003/54/EG. This Directive
aims to establish an internal market for electrigiithin the European Union, of which
liberalization is an essential precondition.

Before 1998, the Dutch electricity sector was owrsdl operated by the
government. The liberalization of the Dutch elextyi market started in 1998 with the
opening of the market for large electricity conswrend ended in 2004 with the opening
of the market for small consumers. This broughtuattbe 'unbundling' of the formerly
integrated electricity companies into a competitpreduction division, a competitive
supplier division, and a monopolistic grid divisjdhereby creating competition between
parties active in the same part of the electrisitgply chain.

The European Directive 2003/54/EG has been itistitalized in the Netherlands
with the creation of the Dutch Electricity Act 199&ticle 31 of this Act requires that the
grid operators together make a proposal to thedbodmanagement of the regulating
authority for the conditions they will wield wittespect to a number of technical and
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procedural issues (Ministry of Economic Affairs Z00In response, the Grid Code,
System Code, the Metering Code and the Informaflode have been formulated. The
first two are the most important ones: the Grid €aldscribes the way in which grid
operators should operate nets, and the System Gestgibes how they should deliver
system services. Further, the Metering Code de=xtitre conditions for the metering of
electricity supply and demand, while the InformatiGode describes the determination
and exchange of information between market parkesally, a Tariff Code is made in

response to article 36 of the Electricity Act. hetTariff Code is determined how the
costs of the Dutch electricity grid are distribusadong network users by means of tariff
structures for connection, transport and systewices. See Figure A2.

It must be noted that the Codes, although indumethe Electricity Act, has a
different status. They are an indirect form of dagon. Although the existence of the
Codes is required by law, the conditions in the €odre not part of legislation.
However, these conditions have been formulated g general requirements of
transparency, equity and fairness, and the ruléseoElectricity Act in mind. If market
parties violate the Codes, they can still be judgedthe basis of provisions of the
Electricity Act itself.

Dutch Electricity

Act 1998
System . Metering . Information
Code Grid Code Code Tariff Code Code

Figure A2: National regulation for the Dutch electiicity system

Relevant actors in the Dutch electricity system

There are quite a number of actors that are pattheoDutch electricity system, or that
influence this system to a large extent. At fingthg the type and role of the relevant
actors appear quite logical. But if we look furthéhe multiplicity of roles and
responsibilities of the actors reveal the actuahgiexity of the network of actors. The
network of actors of the Dutch electricity systesrbriefly described here. It is visualized
in Figure A3.

%0 Actually, the grid operators have to wield coratis that are reasonable, objective and non-
discriminating by article 26a of the Electricity tAc
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Figure A3: the network of actors for the Dutch eletricity system

The network can be looked upon from different pecsipes. The simplest is the
perspective of the supply chain of the commodisceicity. The different subsequent
functions in this chain are all exercised by a at#ht actor. These functions are
production, transmission, distribution, supply @etsumption.

Production is carried out by electricity producdrsthe Netherlands, most of the
electricity is produced at large power plants by fiifferent producers (Electrabel, E.ON
Benelux, Nuon, Essent and EPZ). These large ceptrakr plants are coupled to the
transmission grid. Also, electricity is being predd at smaller plants, which are coupled
to the distribution grid: distributed generatiorheEe are owned by a larger number of
different producers.

The transmission network, which transports thetatety across the country from
the central power plants to the different distribntnetworks, is owned and operated by
the Dutch TSO, TenneT. It must resolve transmissestrictions and balance national
electricity supply and demand.

The different distribution networks, which transpahe electricity from the
transmission network to the consumers, are ownedisyributed System Operators
(DSOs). As of 2006, there were 13 DSOs, of whichr flarge ones: Essent Netwerk,
Continuon Netbeheer, ENECO Netbeheer, and Deltavétkbedrijf.

The function of supply is carried out by electycisuppliers. They are the
administrative and commercial focal point for thistomer: they deliver the electricity by
buying it from producers (or traders) and sellintpithe customers/consumers. There are
13 'traditional’ suppliers in the Netherlands, androwing number of newcomers. The
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largest (traditional) suppliers are: Nuon, Enecesdht and Delta (EnergieNed 2006).
These and some other suppliers also deliver najasal

Electricity consumers are the customers of thetetdy. One can differentiate
between large consumers and small consumers. Laogsumers are industries,
commercial enterprises and business offices, ofchvimany are directly coupled to
higher voltage lines. Small consumers are genehallyseholds, which are coupled to the
low voltage lines at the ends of the distributicetwork. The household consumers, of
which there are over seven million in the Nethetlaare the group of interest for this
research.

From the names of the energy companies, it look§ aeme actors are engaged in
several functions. In fact, there are holdings Whtontain a production, network and
supply division. This structure originates from thestory of the system, and the
‘'unbundling’ that has taken place. This is a @ishplication of the network of actors.

Unbundling of the electricity sector was carried along with the liberalization
in the Netherlands, meaning that the verticallyegnated energy companies were
disintegrated into a production part, a supply,pemtd a distribution part (and a metering
part). Because of this separation, the specialledtricity producers and suppliers
participate in the liberalized market as competingrket parties, whereas the regional
grid operators own and operate the grid as a mdisbpmaking sure that all market
parties have equal access. The unbundling of tifiereint market functions has not been
complete, however: until now, only administrativadalegal unbundling has been
enforced. The production, grid and supply divisiaisthe formerly integrated energy
companies are still part of the same holding. Tdst ktep in the unbundling process
would be ownership unbundling, which is not requiby the European Commission but
strongly advocated by the Dutch government. In Mdver 2006, the Law for
Independent Grid operation (WON) was accepted wsplitting only obligatory when
certain conditions are present, but the new cabsmetanning to implement the law 1
August 2007 (RTV Noord 2007).

The functions of trading and metering can be sagpaat of the supply chain as well, but
they are discussed separately, because they hdveonmuch to do with the actual
delivery of electricity. Electricity traders buy @rsell electricity, trying to make profits
from the price difference in a competitive markidtere are suppliers and producers with
their own trading floor. There are also brokerspwdo not have a position in the market,
but are mediating between supply and demand imdhee of market parties. Metering of
electricity production, consumption is carried dat so-called Metering-Responsible
Parties (MRPs), as defined in the Metering Code P8IRre often separate entities from
the mentioned energy holding companies.

Three other actors are directly related to the leggry regime for the Dutch electricity
system. First, there is a regulating authority aed to the Dutch electricity market: the
Direction Supervision Energy, the DTe. The DTe oalstand checks the execution and
compliance of the Dutch Electricity Act 1998, amaglge by giving its approval to the
Codes the grid operators together have to formulatessence, it is the supervisor for
fair competition in the Dutch electricity markethdn there is the ministry of Economic
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Affairs, which is responsible for the Dutch energglicy and has formulated the
Electricity Act. Finally, the European Union hasadn up the European electricity
directive 2003/54/EG, of which the (revised) Acthe national transposition.

There are two other relevant European actors, edlyetn consideration of important
position of the Dutch transmission network in thesaarch. The Union for the Co-
ordination of Transmission of Electricity (UCTE) the association of Transmission
System Operators in continental Europe. It safedgiar reliable European electricity
market by co-ordinating ' the international openatof high-voltage grids that all work
with one "heart beat": the 50 Hz UCTE frequencyted to the nominal balance between
offer and demand’ (UCTE 2005). The Netherlandsasnected to the 'UCTE-grid'.
European Transmission System Operators (ETSO)ishe name indicates, a member
organization of the European TSOs. The grid opesatd all Member States of EU-15,
and more, are part of it. ETSO is concerned with cammercial side of the European
electricity market, such as cross-border tarifmatiinterconnection capacity problems
and market coupling (ETSO 2007).

The last actor group from Figure A3 that has notrb@amed yet is the group of
Programme Responsible Parties (PRPs). This is s complicated actor, because this
actor is artificially created by law for the purposf safeguarding security of electricity
supply in the Netherlands. The role and tasks ®RRPs are described extensively in the
Electricity Act and the Codes, while the actualhaiteés of PRPs in the real electricity
market, and the interplay with other actors shoatsayother picture.
In short, all parties connected to the Dutch eleityr grid have Programme
Responsibility. This encompasses that all connegidies draw up Programmes in
which they indicate how much electricity they atanming to produce and/or consume
on the next day, and which are the relevant grgbgupoints. And, more importantly,
they should stick to those Programmes. These Rroges must be submitted to TenneT,
who uses them to resolve transmission capacitylemband balance system supply and
demand, and to settle imbalances with the PRPsdetiated from their Programme.

Because Programme Responsibility for a grid conmeatan be taken over by
another party, in reality there are a countable memmof PRPs, among which are
producers and suppliers.

The importance of PRPs and their Programme Redpbtysifor the Dutch
electricity system is that it effectuates a-pri@ystem balancing, making the
instantaneous system balancing task for TenneTsarlaller in scale.

In conclusion of the above description of the neknaf actors for the Dutch electricity

system, it can be seen that this network is inseece complex than might be thought in
first instance. This has to do with, among else, rtbn-transparent division of roles as
understood by the electricity supply chain anddbecept of Programme Responsibility.
In addition, the different existing markets (the/ddnead market, the bilateral market, the
import capacity auction, and the market for Regu¢pand Reserve Power that is part of
the balancing market) make the actor interrelatiamg behaviour even more complex.
Finally, the frequent changes in the regulatoryimeg(e.g. the ‘splitting law’” WON),

changes in the actor field (mergers, take-oversyl gechnological changes (e.g. the

133



connection to Norway under construction) will cont to change the position, structure,
interests, roles and responsibilities of the adtothe Dutch electricity system.

System structure and performance figures

The purpose of this section is to give some majarés for the current Dutch electricity
system and its performance. This will give an idé¢he orders of magnitude the system
is concerned with and of its current performancaréMimportantly, it will show the
relative position of the Dutch balancing market tims system, and give a general
indication of the current operational performantéhe Dutch balancing market design.

According to the UCTE-website, about 450 millionopke are supplied with electric
energy through the networks of the UCTE, with ahmlectricity consumption totalling
approximately 2300 TWh. Compared to this, the elgty usage of the Netherlands is
very small: there are over 16 million people in tHetherlands (3.6 % of the UCTE
number), and annual national consumption is arolbd TWh (4.8% of the UCTE
number).

The core figures for electricity in the Netherlafod the year 2005 will now be given.
They are assumed to be similar for 2007. There24a&19 Megawatts (MW) of installed
production capacity, but the highest load of tlsmission network has been 15,224
MW, which is 70.1% of the installed capacity (EneMed 2006). This difference is
related to the keeping of reserve capacity, andabethat operational capacity is lower
than the maximum reflected by the installed cagawimber, but also to the existence of
distributed generation. After all, DG is coupledthe distribution network: transported
electricity can directly flow to consumers, avoiglithe transmission lines. How large the
share of DG in the Netherlands currently is, isiclidt to find. It will be low compared to
total production capacity, however, because onlyPChhs really broken through,
economically. CHP in the Netherlands is 10,616 MWhich is 48.9 % of total
production. The largest part of this is coupledthie transmission grid, however. All
Dutch solar power units, wind turbines, hydropoweits, and gas engines combined
only constitute 3 GW of the national 21.7 GW capaaccording to 2005 figures (CBS
2005a). The DG technologies that the researchfedlis on are hardly present yet: only
51 MW of solar power is available, while the firstcro-CHP units are just being placed
and tested at the moment of writing.

The total national electricity production in 20@%s 101,764 million kwh (101.8
TWh), while electricity consumption was 110,186 It kWh (110.2 TWh). The
surplus consumption was met by the net electriaiyport, which was 16.6% of
consumption in 2005: 18,290 million kWh. Of thealohational consumption, 37,661
million kWh (34%) was related to small consumersd 82,525 million kwh (66%) to
large consumers. From the 37,661 million kwh foeroonsumers, 22,522 million kWh
was used by households. So, 20.4% of total consamj the Netherlands is from
household consumers, which shows the significaheelarge-scale penetration of DG at
Dutch households.

Because the number of Dutch private households daniary of 2006 was 7,146,088
(CBS 2005b), it can be calculated that the aveyagely consumption of households is
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3,152 kWh. EnergieNed gives a yearly household wmpsion of 3,397 kWh for 2005,
which is a similar number.

Finally, the average electricity tariffs for hoséd consumers are of interest here.
The electricity price for household consumers, Wwhitcludes Regulatory Energy Tax
and VAT, was 0.21 euro/kWh. This results in a basiergy bill of 713 euro per year,
assuming a yearly consumption of 3,397 kWh.

The core figures given above are also listed indald below.

Production 2005
Installed electric capacity [ MW] 21,719
Highest load high-voltage network [MW] 15,224
Total electricity production [million kwWh] 101,764
Consumption

Total electricity consumption [million kWh] 110,186
Consumption large consumers [million kWh] 72,525
Consumption small consumers [million kWh] 37,661
Consumption households [million kWh] 22,522
Average yearly consumption households [kWh] 3,397
Average electricity tariffs (incl. REB en BTW)

Small consumers [€/kWh] 0,23
Households [€/kWh] 0,21

Table Al: Core figures for the Dutch electricity stem (adapted from EnergieNed 2006)

Before the attention is directed toward the Dutakabcing market, it is useful to give
some insight in the electricity network of the Nathnds. For this purpose, first the
definition of the transmission network and disttibn network, as will be used in this
research, will be given.

Looking at the short descriptions of the transmoissnetwork and distribution network
given, it is not clear how these two network types differentiated: at which point does
the national transport from power plants stop amgtridution to consumers start?
Definitions are usually related to the voltage legé the network. The electricity is
transported from high-voltage lines, via interméeliaoltage lines, to low-voltage lines,
which end up at the small consumer sites. Althougliage levels haven been ranked
high, intermediate and low differently by differesdurces, intermediate and low voltage
lines are generally found to be part of the disititm network. The definition of TenneT
is used here: the transmission network comprisealldines of 110 kilovolts (kV) or
higher, and the distribution network comprises lbfiaes of 50 kV or lower (TenneT
website).
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Finally, it is useful to get a first impression thie relative importance of the balancing
market within the Dutch electricity market. Thisdigne by estimating the involvement of
the market for Regulating and Reserve Power, imetuédmergency power, in the Dutch
electricity market for a number of Programme Timaittl spread over the last two
year$®. Data used is retrieved from the TenneT website. Bable A2.

Date PTU Measured system | Net volume Proportion
load (MW) deployed control | control

power (MW) power/total

power (%)
18-06-2007 54 11,540 226.52 2.0 %
18-03-2007 66 10,748 287.18 2.7 %
18-12-2006 32 14,928 253.29 1.7 %
18-09-2006 37 14,220 232.88 1.6 %
18-06-2006 72 10,380 162.42 1.6 %
18-03-2006 81 13,120 239.12 1.8 %
18-12-2005 70 13,024 217.89 1.7 %
18-09-2005 96 8,940 294.82 3.3%
18-06-2005 90 9,956 177.29 1.8 %

Table A2: Estimation of the involvement of the balacing market for a number of different PTUs
(website TenneT)

For different dates the national measured system, las well as the absolute volume of
settled Regulating, Reserve and Emergency Powatr@dgower), are given for the PTU
that had the largest absolute volume of settledrobpower? The measured system load
and the volume of settled control power presentedira MW, obtained by multiplying
the MWh/PTU and kWh/PTU values given by the Tenmwedbsite with a factor 4,
respectively a factor 0.004. From these numbeesydhative volume that the market for
RRP (incl. emergency power) handled in the Duteletekity market is estimated for the
given PTUs by dividing the volume settled controler by the national measured load.

It follows from Table A2 that the Dutch balancinwarket (or actually the market
for Regulating and Reserve Power (RRP) plus thpatiih of emergency power) has a
relatively small role within the Dutch electricityarket in the order of a few percentages.
The average percentage from the sample is 2.0 &hithest percentage found was 3.3
%. This outcome indicates that the Dutch balancimgrket is indeed operating
satisfactorily: the relative amount of dispatcheshtcol power is only 1.5-3.5%, or in
other words, the system imbalance is usually mgjelathan 3.5% of the total electricity
volume transported. This means that Programme Re#ge Parties generally hold on to
the E Programmes they submit, and thus that etégtproduction and consumption is
predictable and controllable.

%1 For an extensive explanation of the market of Raig and Reserve Power, see paragraphs 2.2 &nd 2.
32 With 'absolute volume' is meant, the absoluteevalithe dispatched negative control power plus the
absolute value of the positive control power (negatontrol power is indicated by a negative sign).
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Appendix B: Detailed information profile methodology

Regulations for the profile methodology

The profile methodology is laid down in the Metgri@ode (in Dutch: the Meetcode), a
form of secondary regulation: the Metering Codméale by DTe, following article 21 lid
1 sub b of the Electricity Act 1998, which requirdsat conditions are formulated
concerning the measurement of electricity transplat and data exchange. Like the
Grid Code and the System Code, the Metering Coelefibre has a different status than
the Act itself.

In article 2.1 of the Metering Code is laid dowmatt the connection points
between the grid and the connected parties shalprdvided with metering facilities,
and that for grid connections of which the conedctransport capacity is 0.1 MW or
larger, these facilities should be readable dalefy PTU) from distance. In addition,
article 4.2.1 states that for connection with lgss1 0.1 MW transport capacity, which do
not have a (voluntary) daily readable meteringlityciProgramme Responsibility should
be carried out with the help of consumption prafile

The profile methodology itself can be found in adtiem 14. As has been
mentioned earlier, there are nine consumption leof(profile categories). These are
specified in the Metering Code, and are presemtdable 1 of paragraph 2.4.

All but two profiles (EL1A and E2A) have a doubleiffa which requires two meter
readings, one for peak hours and one for off-peak$ A double tariff also complicates
the calculation of the profiled consumption, asctiéed above.

Another part of the profile methodology described the Metering Code is the
determination and change of the Standard Yearlys@Qumptions and the consumption
profiles/profile categories. The Standard Yearlyn€amption of a grid connection is
determined by dividing the measured consumptiontii@at grid connection over the
smallest possible measured consumption period oinmaily 120 days by the sum of the
profile fractions in the consumption profile ovenet relevant period (DTe 2006,
B.14.3.1). The SYC is renewed when a new and adlmeter reading becomes known
by the grid operator, by means of recalculationn€@oning the change of consumption
profiles, not later than in the third week of Jamnyuapril, July, and October, all grid
operators combined submit a motivated proposahéoconference platform about the
profiles that will be used in the next quarteriod year. This platform, in which reside all
grid operators and PRPs that have Programme Rabpioyndor profile customers,
decides about this proposal in less than one we&k 006b).

Finally, it is also described in the Metering Coldew the Assumed Profiled
Consumption and the Corrected Profiled Consumpiwoe calculated, as will be
explained below. It is also described how the T@&fescalculated, which is not explained
here but should be calculated for both peak houdsodf-peak hours and per PRP, profile
category, and tariff category.

137



Detailed calculation of the APC and the CPC

The calculation of the Assumed Profiled Consumptamrd the Corrected Profiled
Consumption is a little more complicated then sh@love, because of the inclusion of
two other factors next to the MCF: the Climate @otion Factor (CCF), and especially
the Tariff Correction Factor (TCF). The CCF is umbd to correct for climate
differences and effects throughout time, but umda it has been set to the value of 1.
The TCF is included to adapt the consumption peafil such a way that the proportions
between 'off-peak consumption' and 'peak consumptibthe profile corresponds with
the proportions between 'off-peak consumption’ ‘aedk consumption’ for the group of
profile customers for which the profile is beingedgqPVE 2003). Off-peak consumption
is consumption during cheaper 'off-peak hours'kpessumption is consumption during
full-price 'peak hours'. Most profiles have a daatariff structure, stimulating consumers
to shift consumption to the less-used and cheaparsh thereby levelling electricity
demand.

In short, the Corrected Profiled Consumption p&PPper profile category
(consumption profile) is calculated in the follogiway. First the sum of the SYCs of the
group of profile customers with the same PRP, f[gatategory and tariff category is
calculated®. Then, for this group, the TCFs are determinedefeery tariff period (off-
peak hours and peak hours). After that the CCIletsrthined per profile category (which
is 1 up to today). Next, the Assumed Profiled Comgtion is determined for the group of
profile customers with the same PRP, profile catggod tariff category. This is done by
multiplying the profile fraction with the TCF, théCF and the sum of the SYCs of the
group of profile customers, and consecutively bsnsing up the APCs for that group
with the same PRP and profile categdnAfter that, the total consumption of profile
customers is determined by subtracting the contislyo metered customers, the
calculated profiles and the calculated net losem® the total electricity amount fed into
the grid. Then, the MCF is determined by dividirg ttotal consumption of profile
customers by the APC. Finally, the Corrected PedfiConsumption per PRP per profile
category is calculated by multiplying the Assumedfied Consumption per group of
profile customers with the same PRP and profilegaty with the MCFIn formula, the
calculations are:

APC =PFx TCF x CCFX SYC
CPC = APC x MCF = PF x TCF x CCEXSYC x MCF (PF = profile fraction)

A schematic overview of the above calculation iproeluced in Figure Bl. This
calculation takes place for every PTU, and is dopdhe regional grid operators. The
results are briefed to TenneT for calculation agitlement of imbalances.

% Although the methodology enables the use of difietariff categories, there currently is no mavant
one tariff category in any profile category.

3 Again, this summing is only relevant for the sttam in which there are more than one tariff catezpo
in a profile category, something that has not yerbpracticed.
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Figure B1: Schematic overview of the calculation athe profiled consumption per PRP®

Translation of key words profile methodology

English (translated word)

Dutch (original word)

profile methodology

profielenmethodiek

consumption profile

verbruiksprofiel

profile customers/consumers

profielklanten

Metering Code

MeetCode

reconciliation

reconciliatie

profiled consumption

geprofileerd verbruik

Assumed Profiled Consumption (APC)

VeronderstelgrGleerd Verbruik (VGV)

Corrected Profiled Consumption (CPC)

GecorrigeeegrGfileerd Verbruik (GGV)

Actual Consumption

Actueel Verbruik

Standard Yearly Consumption (SYC) StandaardJaarvigrfSJV)
Metering Correction Factor (MCF) MeetCorrectieFa¢MCF)
Climate Correction Factor (CCF) KlimaatCorrectietea¢K CF)
Tariff Correction Factor (TCF) TariefCorrectieFac{®CF)

Programme Time Unit (PTU)

ProgrammaTijdsEenheidHPT

Programme Responsible Parties (PRPs

Programmawsvaardelijken (PV's)

Allocation

Allocatie

telemetry facility

telemetrie-inrichting

connections

aansluitingen

meter reading

meterstand

Table B1: Translation of key words concerning the Dtch profile methodology

% PVE, 2003. "Profielenmethodiek Elektriciteit — ¢&r 3.04" Dutch-only, page 13, figure 3.
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Appendix C: List of requirements for the Dutch balancing market.

Below, a list of requirements that should be meti®gyDutch balancing market design to
ensure a high operational performance is given.

The list includes both objectives and constraimtscontrast to the goal-tree, which only
shows objectives). The requirements are deriveoh fifte descriptions of the nature and
workings of the Dutch balancing market. When thel§ofv literately from documents,
this is indicated by a footnote.

1.

Programme Responsibility

Programme Responsible Parties should submit E &myges to TenneT in
correspondence with specifications in the Codefré&grammes should be sent for
each PTU, in the right format, and timely.

Costs for PRPs to submit E Programmes and for Tertoneadminister the E
Programmes are minimal.

The net volumes specified in the E Programmes shioeilas close as possible to the
actual net volumes.

The transport volumes specified in the T Prognadesild be as close as possible to
the actual transport volumes.

Electricity demand and supply are predicted as afbossible.

Metering of production, transport and consumpt®as accurate as possible.

PRPs have ample possibility to minimize their inalbake before the PTU of
execution (notably by internal balancing and via ithtraday market)

The balancing market rules are such that all PR&sther are stimulated to balance
system and supply before the time of delivery bgimizing their own imbalanéé

Single-buyer market for Requlating and Reserve Powe
Connected parties, not being grid operators, wittpatracted and made available
capacity of more than 60 MW, offer to TenneT aél tapacity that they can consume
less, respectively produce more or less, by mefbils’’
The RRP margin should be optimal
The total amount of offered RRP should be sufficiiem the resolution of system
imbalances
The costs of non-deployed but offered RRP shoulchipemal
Enough regulating power, reserve power and emeygeower should be contracted
to safeguard the resolution of system imbalanceth®asingle-buyer market for RRP
can not cope with.
The offered RRP meets the following specified reemients®:

o Dispatch time smaller than 7 days

o0 Regulating speed larger than 7 % per minute

% TenneT, 2005. "De onbalansprijssystematiek pedD2001, herzien per 26-10-2005"
¥ DTe, 1 April 2006. “Netcode — Voorwaarden als beldan artikel 31, lid 1, sub a van de
Elektriciteitswet 1998” (Dutch-only)

% TenneT, 2003. "Handleiding bieden regel- en resgrxmogen”
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o Size of bid for regulating up between 5 and 100 MyY regulating down
between -100 and -5 MW (including boundary values)
o Bid price between -100,000.00 and 100,000.00 €/ MWh
o The response time of regulating power may not ex&eseconds
o0 Regulating power can be deployed in parts; positegerve power is
dispatched in blocks, negative reserve power carabelly dispatched
The number of bids is high enough (to ensure a mghket liquidity)
Bids should be sorted, called and settled correbitymeans of the bid ladder
mechanism
The administration costs for TenneT should be mahim
Emergency power is dispatched a minimum numbeiTaf$per year.
The risks for market parties of bidding RRP shobkl smaller or equal to not
bidding™
The resulting dispatch prices should reflect thetsmf deploying RRP but still
stimulate the offering of RRP

. Imbalance settlement

The net volume difference for each PRP for each PMduld be correctly
determined.

The imbalance prices for positive and negative lar@e should be correctly
determined

The imbalances for each PRP for each PTU shouttetermined correctly.
Settlement of the imbalances should be just aridnie.

The imbalance settlement process should be tragrspand therefore as simple as
possible.

Information exchange part of the imbalance settlgnpeocess should be conducted
in time.

The allocation should be predictable (so that PRBS better minimize their
imbalance§*

The allocation process should be as accurate ashpms

The allocation process should be transpéfent

The allocation process should be efficient and abh?

Disincentive for behaviour that upsets the balarinegntive for behaviour that
restores the system balance; the risks of askeddfigaebehaviour are smaller for
market parties than unasked/unspecified behadfour.

The imbalance prices form a sufficient financialentive to minimize imbalances but
conversely do not lead to excessively high imbadasusts.

The prediction of consumption/production of profdensumers by means of profiles
and Standard Yearly Consumption should be as aecasgpossible.

The allocation of actual consumption/productionpodfile consumers by means of
profiles should be as accurate as possible.

% TenneT, 2006. "Implementation Regulations for GZime and System Code"
“OWenting, F., 2002. "Program Responsibility" TenmsEument
“1B'con, 2007a. "OGO08, Allocatie & Reconciliatie -edftgangsdocument”
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The costs of making new profiles and allocatindingg profiles to the profile
consumers should be minimal

The time needed to allocate the total consumptioprofile consumers should be
smaller than the fifteen minutes

. Additional requirements concerning smart niedger

The metering data should be as accurate as possible

Smart meters should give meter readings of theretbsmeters of electricity
exchange, DG feed-in, and/or own production.

Smart meter should send metering data in the ietgsgecified time cycle

The metering data should be transparent

The costs of data collection and management arenain

The time needed for allocation with metering datauwd be smaller than fifteen
minutes

The time needed for data collection and managemeninimal

. Additional requirements concerning technicgtgmation DG

Network voltage changes in the distribution netwar minimized

The voltage level must remain between specifiedd$im

Protection of the distribution network against fau$ maximized

Power quality in the distribution network is maxaed

Transient stability of the distribution networkhgh (when faults occur and DG units
fall out, stability of the distribution network meaintained)

The current level in the equipment (transformersyer lines, fuses, switches, etc.)
must not exceed the thermal ratings

The ability to balance demand and production ondisé&ribution network level is
maximized

The ability to solve transport restrictions in thstribution network is maximized

Resulting system requirements
The short-term costs of the balancing market shbaldchinimal
The short term reliability of the Dutch electricgystem should be maximal.

The future decentralized situation is very différgsom the current situation of the Dutch

electricity system in many different aspects. Coragdo the current system, there will

have occurred technical, institutional and econonhanges. Two changes are taken
inside the system boundaries and included in tldysis (see paragraph 3.4): the roll-out
of smart meters at all Dutch households and thegdthtechnological system caused by
the domestic DG penetration. Below, implicationstloése changes for the balancing
market requirements are taken into account. Rirsd, explained why these changes are
incorporated, and second it is described which irements result from them. These

requirements are visible in the above list under 4.
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Requirements for smart meters
In general, 'smart meters' are meters that transleatricity data from a distance to data
collectors, in contrast to the current 'dumb métiwat have to be read manually. There
are however many different types of smart metespedding on what type of data is sent,
how often, if the communication is one-way or twayw and if the smart meters can
switch load. In essence, the smart meter provibdespbssibility to put through meter
readings: not only of the current meter for eletyiconsumption (which can consider a
peak and an off-peak reading), but also of metezasuring the own production of a
domestic DG unit and/or the electricity fed backoihe grid. However, also power
quality could be metered, the meter could be relmatennected and disconnected,
customers and suppliers could interact in differeays. (Jones 2007).

Recently, it is decided by the Dutch Ministry ofdaomic Affairs to provide all
Dutch households with a smart meter, which coulatdrmapleted by the year 2014. The
conditions for these smart meters have just betarrdened in the NTA 8130. The aim is
to make the smart meters readable from distancenable the grid operator to connect
and disconnect a consumer from distance, and tblersuppliers/grid operators to
decrease the transport capacity partially (whicm dae considered as partial
disconnection), and to install both an external andnternal communication portal on
the meter (Energie Nederland 2007).

It is assumed that all households will have a smaeter in the future decentralized
situation, when the large-scale domestic DG petietrdas arisen. After all, the roll-out
of smart meters is aimed to be finished in 2014ilemthe large-scale DG penetration
assumed in the scenarios will probably take mangergears.

The roll-out of smart meters in combination with accessible metering data
register will make meter readings available moegdiently. This offers opportunities to
reconcile over shorter periods, and ultimately &weénno reconciliation at all thanks to
perfect allocation. (B'con 2007a). Perfect allamatby the metering, collection and use of
meter reading every fifteen minutes can howevetooedemanding in effort, time and
money, which is why the option to use the profilethodology for allocation is not
discarded for the analysis.

The following requirements for the use of smart meters can be formulated. These
requirements are straightforward, and formulatethleyauthor:

- The metering data should be as accurate as possible

- Smart meters should give meter readings of theretbsneters of electricity
exchange, DG feed-in, and/or own production.

- Smart meter should send metering data in the iesgecified time cycle

- The metering data should be transparent

- The costs of data collection and management argnain

- The time needed for allocation with metering ddtautd be smaller than fifteen
minutes

- The time needed for data collection and managemeninimal
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Technical DG requirements

If distributed generation is to be integrated itib@ Dutch electricity system without

endangering the technical integrity of the systsome requirements for the technical
performance of DG should be met. These requiremsnisld ensure that the technical
operation of the distributed generation units dblead to any technical malfunctions that
hamper electricity production, electricity transpor electricity consumption. This would

have negative consequences for the performandedfalancing market.

The requirements all apply to the distributionwaks, because the distributed
generation is directly connected to these netwoaksl electricity transport on these
networks will increase and change as an effectis ltassumed that no technical
requirements for the transmission system are neddeduse the DG penetration tends to
decrease electricity transmission flows. Furtheemdhe requirements only represent
general technical aims, of which quantification weboot only be hard and imprecise, but
also useless considering the conceptual statuseainalysis.

Thetechnical DG requirements are presented in the list below. The first foue ar
derived from Jenkins, Allan, Crossley, Kirschen &imgbac (2000); the next to from
Pehnt, Cames, Fischer, Praetorius, Schneider, Sathenand Vp (2006); the last two
are formulated by the author.

- Network voltage changes in the distribution netward minimized

- The voltage level must remain between specifiedtdim

- Protection of the distribution network against tfau$ maximized

- Power quality in the distribution network is maxaad

- Transient stability of the distribution networkhggh (when faults occur and DG
units fall out, stability of the distribution netwkois maintained)

- The current level in the equipment (transformei®ygr lines, fuses, switches,
etc.) must not exceed the thermal ratings

- The ability to balance demand and production ordie&ibution network level is
maximized

- The ability to solve transport restrictions in thstribution network is maximized

Although, in the decentralized situation to be gpedl, TenneT still is the only party

actively involved in the system service of balagcsystem supply and demand, the
requirement for balances on distribution netwoslelas quite relevant. It would decrease
transmission flows, decrease resulting technicablems on distribution network

operation to which the other requirements refed @&rcrease the ability to balance
national system demand and supply by operatioheobalancing market.

Other additional requirements then the aforemertioones concerning smart metering
and technical conditions for DG integration are nelevant, because they either fall
outside the system boundaries, or it is assumddhbarelating factors remain constant.
This is the case for the distribution of coststfa integration of DG (see paragraph 3.4).
The mentioned additional requirements above arkided in the list of requirements

which should be met by the balancing market designdecentralized situation, in order
to have a high operational performance. These iaddit requirements were already
presented in the list of requirements above.
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Appendix D: Metering, profiling and allocation options

This appendix first describes possible meteringoogt and profiling options, and then

shows the resulting logical metering-profiling apti After that, two extreme allocation

methods are described: allocation by profiling afidcation by metering. The metering-
profiling options and allocation methods are usedhie scenario analysis in Chapter 4,
with the allocation methods taking a major parte Tneation of metering and profiling

options is heavily based on the report of Choudlaumy Andrews (2002) called 'Payment
mechanisms for micro-generation’, although defingi and options are altered to
correspond to the research scope.

Metering options

There are four different metering options disceladtr a future Dutch electricity system
with a large-scale DG penetration. For all four,ciincerns the metering of both
production and consumption of consumer-generatdtts smart metefS. An important
starting remark is that we must now differentiattween consumption and import,
because import will only be that part of demand tha DG unit is not able to generate.
In the same fashion, export differs from (DG) prctilon. The four metering options are:

1. Bi-directional metering

2. Import-export metering

3. Gross generation metering
4. Net generation metering

Bi-directional metering

In this metering option, one smart bi-directionaktar is used for the metering of
households with a DG unit installed. This bi-direcal meter only meters the net
exchange (net import/export volume) of electricityth the grid. The register runs
forward if the instantaneous exchange is positixe, (electricity is imported), and it runs
backward if the instantaneous exchange is nedafjve., electricity is exported).

I mport-export metering

In this metering option, one smart import meter and smart export meter are used for
the metering of households with a DG unit install@tley are often combined in one
metering facility, but the circuits are wired sathhe import meter meters the electricity
imported, and the export meter meters the elettrexported. It should be noted that
actual household consumption and production ar¢hereimetered, nor can they be
calculated from meter readings, in this meteringoop

Gross generation metering

“2 This means that the option of just one singleddiom meter at a household with an installed DG isni
excluded, because such a meter is not capabletefingethe electricity exported.

3 The use of signs here is contrary to the genesal mormally production is positive and consumption
negative. But because the focus is here on formesé¢hold consumers alone, and their consumptiat lev
indicated by meters and profiles is positive, theve use of signs is more convenient here.
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In this metering option, one smart import meterge @mart export meter, and one
generation meter are used for the metering of Hmlds with a DG unit installed.
Because for the operation of the electricity systamty the import and export volumes
are important, generation does not have to metei@dgoes it have to be a smart meter.
The added value of the generation meter is that hothh household production and
consumption are known: production is metered dyecand consumption can be
calculated by adding the production to the net arge (et exchange = consumption —
productior).

Net generation metering

In this metering option, one smart bi-directionater and one generation meter are used
for the metering of households with a DG unit ilieth The generation meter is not
essential, but can have added value, just likgifoss generation metering.

Bi-directional metering is obviously the simplestetering option, because it only
involves one meter, and thus one meter readinho@ath perhaps spread on multiple
registers, see below). The disadvantage of thiemmet option is, next to the fact that
production and consumption are not revealed, ekt exchange does not reveal the
exact import and export volumes either. If the meteead every fifteen minutes, a net
exchange of 0.1 kWh can mean that there was 0.1 ikigbrt and 0 kW export, or 0.2
kWh import in the first ten minutes and -0.1 kWhpexr in the last five. This is not
desirable if the export tarfft gained for export is different from the retail qeripaid for
import.

Import-export metering provides with a solutiom floe difficulty of bi-directional
metering by metering import and export separatath wvo different meters. Although
this option is more complex and more expensiveh(looinstallation and in the collection
and processing of metering data), knowing the ekapbrt and export could earn back
these extra costs.

With gross and net generation metering, consump@oa production of
consumer-generators become known, on top of thrgsaof import-export metering
and bi-directional metering, respectively. Knowthg exact generation and consumption
of consumer-generators can be highly useful fordbestruction of better profiles for
prediction, and for gaining insight in consumptiamd production behaviour in general.
This includes insight in how consumer-generatospoad to price signals, and how the
installation of a DG unit influences the consumptpattern. In the end, this could lead to
an optimization of rules and incentives, so as &inmain system reliability at lowest
system balancing costs and stimulation of enerfgiehit and sustainable DG
technologies at the same time. Of course, the gdoarmeter adds to the costs of
installation, maintenance, and data processing¢clwhiakes gross generation metering
the most expensive metering option.

* This is more commonly referred to as 'feed-irftabiut the author deemed this term to be confysiere
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Profiling options

Next to different metering options, there exisfaliént profiling options that can be used
for consumer-generators (household consumers widis aunit). The profiles can either
be used for prediction, or for allocation insteddmart metering, or for both. There are
four different profiling options:

1. Using the existing consumption profiles plus netjiecexport
2. Using import profiles and export profiles

3. Using consumption profiles and production profiles

4. Using net profiles

The first profiling option is thoroughly considerég Choudhury and Andrews (2002),
but that is because they look at the current sdanah the UK electricity market, where
few smart meters are placed yet. This researchresshowever the existence of smart
meters in all Dutch households in a decentralizgdré, where metering costs are much
lower (due to experience and mass production). hEuariore, the use of current
consumption profiles will lead to a significant pl® error for most of the time, because
it is the import that must be measured now. Findahg neglecting of export is out of the
question. Not only should export be accounted foPBPs (which is not always the case
in the UK), but its potentially huge technical ssmbnomical impact should be tackled, or
utilized.

The second profiling option entails the compositiof separate profiles for
electricity import and electricity export, whicheathe electricity volumes of interest for
both the operation of the electricity system anel ¢fectricity market. Each consumer-
generator should be assigned one import profile ared export profile, which could be
constructed directly from data generated with inyeaiport metering. A disadvantage
could be that the import and export profile of asumer-generator are so closely related
(you have export at times you do not have impthgt the use of separate profiles has no
added value.

Because information about import and export is @vedBve of consumption and
production patterns, it might be easier to constoenisumption profiles and production
profiles, and assign one of each to each consusmegrgtor. Also, the profiles would
give more information (see above), and they wo@dassignable to groups of consumer-
generators with the same production pattern andéersumption pattern. However,
generation meters should be installed, and theugtamh profile and consumption profile
must be combined to reveal the net exchange, whichinterest.

The use of one net profile for each consumer gémers simpler than the other
two profiling options, but it will need the formati of much more profiles: assuming X
different consumption patterns and Y different prcttbn patterns, there will be XY net
profiles, in contrast to X + Y profiles for the ethtwo profiling options. This will make
profile development, i.e. improving profiles sottipaofile errors are smaller, much more
difficult. Also, the net profile should include reggye profile fractions to indicate the
export.
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Combining metering options and profiling options

As can be derived from the discussion of the difiérmetering options and profiling
options above, each metering option is logicallgomepanied by one or two profiling
options. Bi-directional metering can be linked te tuse of net profiles, because bi-
directional meters measure the net exchange a rddtlep provides as well (in
combination with the Standard Yearly Absolute ExaeY). In the same way, import-
export metering corresponds with import and exgpodfiles (in combination with the
Standard Yearly Import/Export). Finally, both grogeneration metering and net
generation metering enable the formation and us@msumption profiles and production
profiles, which has the advantage that current wopsion profiles could be used.
Besides, for gross metering import and export fgsfcould be formed just as well, and
the same holds for net generation metering andpngfiles. So, the gross and net
metering options provide with two good profilingtmms, instead of one. See Table D1.

Metering option Corresponding profile(s) used

Bi-directional metering Net profile

Import-export metering Import profile + export ptef

Gross generation metering consumption profile sdpotion profile
(import profile + export profile)

Net generation metering consumption profile + patitun profile
(net profile)

Table D1: Metering options and their correspondingprofiling options for consumer-generators

Now we come to the relevance of the above metentipns, profiling options, and their

correspondence, for the analysis of the effectdonfiestic DG penetration on balancing
market operational performance. Because it is befiethat no metering option or
profiling options is thought to have superior featiand effects, the four metering-
profiling options are all considered (instead afslanetering-profiling options, or just
metering optionsThe four different metering options above can allitnplemented, and

are therefore examined in the analysis. For simeplion, the corresponding profiling

options are assumed to be implemented alongsithesof.

“ Since the net exchange is of interest, and metsenell, the determination of the Standard Yearly
Absolute Exchange is much more suitable than thadstrd Yearly Consumption. The absolute Exchange
should be known, because negative fractions candhasily represent export volumes.
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Allocation by profiling and allocation by metering

Within each of the four metering-profiling optiotesbe considered, there are two process
arrangements possible: either smart metering il Use allocation (allocation by
metering), or profiles are used for allocation dedition by profiling). Allocation by
metering makes use of metering data remotely rgachéans of smart meters, while
allocation by profiling makes use of profiles. Tteoice between these two allocation
methods can have major implications, and will tfemeebe considered in the analysis as
well.

In Figure D1, the process model for the currentcBuelectricity market is shown.
Different information streams are given, and itioaded if it belongs to the Programme
Responsibility process, the allocation process,itfigalance settlement process, or the
reconciliation process. Profiles are used for mtsah of consumption, but also for
allocation of consumption of consumers. Data idectéd by a Metering Responsible
Party.

Figure D2 shows the process model for the prgfilallocation method in the
system to be analyzed. In this case more (smatgrsand profiles are necessary, but the
process structures remain essentially the sameomparison to the current ones.
However, the introduction of smart meters makessiptes the transfer of information,
signals and orders between suppliers and consuemargtors, although to a lesser extent
than with allocation by metering. This can alsodo@e by an Energy Service Company
(ESCO), hired by the supplier. Also, an Aggregatould bundle available DG capacity
and offer it as RRP to TenneT, making sure that RBfuirements are met, and
transferring RRP settlements between itself, Tena#id the suppliers of the relevant
consumer-generators. This aggregator could beupplisr, or a body belonging to the
same energy holding. Profiles are used for allocatiand for production of both
consumption and production. Data is collected Metering Data Company.

In Figure D3, the process model of the meteriigcation method is depicted.
Here, allocation is based on metering data fromstinart meters, so that profiles are
merely used for prediction. This results in the ogal of the reconciliation process (if all
connected parties are metered every PTU). Furthiermation transfer, signalling, and
participation in the RRP market is facilitated Ihe tincreased data pool, more active
consumers and market players, and shorter-termnivaion.

Finally, the new roles and tasks of the differectbes must be underlined. The Ministry
of Economic Affairs wants a regulated roll-out afie&gt meters among Dutch households,
because it does not want the possibilities of smmetiers to be hampered by differences
in metering technology, software or procedures.pBers should not use the smart
meters in such a way that free market mechanismalawmsed, and switching between
suppliers is made difficult. Therefore, the DSO4l wave the ownership of the smart
meters, while the suppliers become responsibl¢himanagement of the data, although
the Metering Data Companies will collect the datae installation of the smart meters
will be a public investment, possibly financed bgtwork tariff or energy tax raises
(Jones 2007; meeting B'con OGO08, July 2007).
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Figure D1: Allocation, imbalance settlement and reconciliation in centralized system
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Figure D2: Allocation by profiling in decentralized system
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Appendix E: Characteristics of distributed generaton

There is much to be said about distributed germrabecause it has many definitions,
there are many DG technologies with all differezdttires, and the consequence of large-
scale penetration can both be positive and negatlemending on many factors. The
research makes use of the definition of Ten Dorskeldistributed generation consists of
"small-scale power generation plants, connectethéodistribution network or at the
customer side of the network". The different DChtemlogies in existence are:

PV cells, micro-CHP (micro turbines, fuel cellsgiprocating engines, Stirling engines),
wind turbines, hydropower, geothermal power, andlkatale steam turbines.

This research focuses on large-scale DG penetratibouseholds. Therefore, the
characteristics PV cells and micro-CHP will be ddesed in detail in this appendix.
Before that, some general characteristics of DGepation at households will be given.
Both parts will provide information for the analysof the effects of domestic DG
penetration on the operational performance of thelDbalancing market design.

SWOT analysis of distributed generation at househds

For many technical factors that are influenced I8y Renetration, even the direction of
the effects is uncertain. System reliability iswsd to be reduced, because the networks
will have to cope with bi-directional power flowand electricity from very different
technologies that do not have the frequency skatgi effect of central power plants
(Reza 2006). On the other hand, some think thawildncrease reliability, because the
fall-out of single units has a much smaller impaotthe system (see e.g. Alanne and
Saari 2004). Further, the probability of networkuees will likely be lower.

Jenkins, Allan, Crossley, Kirschen and Strbac (2@b€cuss the technical effects
distributed generation units can have on the ojlésabf the electricity system. These
include the negative effects of the change of gttt flows in the distribution circuits
and hence the voltage profile, the higher probighdf faults in the distribution network,
and the difficulty of installing suitable proteati@quipment and mechanisms when faults
occur. However, effects on power quality are stdtedbe unsure: "Depending on the
particular circumstance, embedded generation manteither decrease or increase the
guality of the voltage receive by other users @& dhstribution network” (Jenkins et al.
2000, p. 14).

Also, network stability effects of DG penetratiomnc be either positive or
negative, according to literature. According tokies et al. (2002): "as the inertia of
embedded generation plant is often low and theitigp time of distribution protection
long, it may not be possible to ensure stabilitydl faults on the distribution network"
(p. 17). On the other hand, the electricity volunpesduced and consumed within the
households do not have to flow through the gridsictvfrees a considerable amount of
transport capacity. This decrease stresses onraguoipand increases manageability of
power flows, which increases the grid stability.

Finally, whether or not more or less distributioatwork capacity is used as a
consequence of large-scale domestic DG penetrategpends on the location of the
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distributed generation with respect to the load @ electricity export rate of the DG

units, among other things (Choudhury and Andrewd220

In short, it is not possible to conclude on theurmtof the technical effects of DG
penetration. Literature mentions both positive aedative effects of DG for the same
technical aspects (power quality, grid stabilitpjtage stability), and usually adds that
exact effects depend on the circumstances. The S\AMllysis below shows strengths,

weaknesses, opportunities and threats of large-§¥@l penetration at households.

Strengths

- Can operate at part load

- Avoidance of line losses

- Load-following capability

- Scalability (to the size of consumption by housédhol

- Less capacity needed of both transmission griddestdbution grid
- Increasing redundancy

Weaknesses

- Lower electric efficiency

- High investment costs

- Limited lifetime

- Noise pollution

- Increasing unpredictability net production/consumppattern

Opportunities

- Less transmission network capacity used

- Less distribution network capacity used

- Heat utilization

- Peak shaving

- Network stability increase

- Power quality increase

- Usage by suppliers to balance supply and demand
- Extra opportunity for DSM

Threats

- More distribution network capacity used

- Power quality decrease

- Current level in the equipment increases abovéhibienal ratings
- Network voltage changes

- Protection problems

- Load transfer problems

- Connection/disconnection problems

- Network stability decrease

- Bad reflection of costs and benefits in tariffs & users
- Effects of bi-directional flows on distribution grstability
- Safety threats
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Some factors deserve to be mentioned, apart froat islalready said above.

To start, the introduction of a large share of B¥@uces line losses, because electricity
flows across much smaller distances. This is relatethe lower electricity transport
volumes the transmission network will have to coid, thanks to the DG units, which
produce the electricity where the consumption isrédver, the electricity generated and
consumed in the same household (‘behind' the gridection of the generator-consumer)
does not have to enter the distribution networkegit On the other hand, electricity
production volumes in excess of the instantaneoodyztion volumes will be exported
through the distribution infrastructure. This catbme a problem when every household
generates a high export volume at the same tirgefae.PV cells when the sun is shining
but demand is low. In such situations, export elgty might flow back to the
transmission network, possibly even increasing liosses and capacity problems,
compared to centralized production.

Further, an important aspect for maintaining gsidbility is reactive power
control. Reactive power (Q) is no real power (R)t I still necessary for electricity
transport in AC networks. Apparent power (S) is pinoduct of root mean square voltage
and current, and the three factors are relatedraicgpto the formula S = P + jQ, which
is a complex number. The power factor, which inisahe ratio between real power and
apparent power in a circuit (P/S), should remaitwben certain limits, and DG
penetration could have an impact on this as wdBoAthis impact differs among DG
technologies. Some may “even be able to act azesisinks of reactive power when not
generating” (Pecas Lopes et al. 2006, p. 1192).

Next, many opportunities large-scale DG penetnatiffers in increasing network
stability and power quality could be offered byiaetmanagement (AM) of distribution
networks. According to Pecas Lopes et al. (2008 techniques enable the distribution
network operator to maximise the use of the exgstincuits by taking full advantage of
generator dispatch, control of transformer tapsitage regulators, reactive power
management and system reconfiguration in an integraanner” (page 1192). There are
different implementation levels of AM, and it remaithe question how much is really
needed to enable DG integration for different pextiein levels. Active management by
DSOs is related to the design option of decenwdlizalancing control (see Chapter 5).

Finally, the opportunity to provide ancillary s&ms, notably providing
Regulating and Reserve Power, is an important isgwen considering DG integration,
as Pecas Lopes et al. (2006) clearly express: ‘BgpPnetration increases it will become
an economic imperative that DG participates ingtavision of ancillary services needed
for secure and reliable operation of the poweresystThis is important for the simple
reason that if DG only displaces the energy produme central generation but not the
associated flexibility and capacity, the overalktcof operating the entire system will
rise” (Pecas Lopes et al. 2006, page 1193).
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Description of PV cells and micro-CHP at households

First, a short list of the main advantages andddisatages of PV cells and micro-CHP is
given. Then, PV-cells and micro-CHP units are exeuiin detail separately. The
advantage as disadvantages mentioned are derwadBorbely and Kreider (2001),
Chamber et al. (2001), and Jenkins et al. (2000).

List of advantages and disadvantages

PV cdls

Advantages:

- Do not have CO2 emissions

- Utilize a renewable energy source
- Modularity

- Easy maintainability

- Low weight

Disadvantages:

- Are limitedly predictable and controllable: intettency
- Depend on sunshine or wind

- Significant area required

- High investment costs

- Modest efficiency

Micro-CHP

Advantages:

- Are rather predictable and controllable

- large load range for top efficiency

- High energy-efficiency, especially when productthsautilized.
Disadvantages:

- Do have CO2 emissions

- Depend on natural gas supply, a finite fossil fuel

- Restrictions by heat-led/electricity-led

Detailed description

PV cells:

Photovoltaic cells are an electrochemical energyersion technology that is used to
convert the energy of solar beams into electricgmiconductor material facilitates the
creation of electron-hole pairs by the photonsrfglion the PV cell. The electrons and
holes are then separated and driven around annekteircuit by an electric field
established at the junction of a diode (Jenkired.2000, p. 41).

Cells are arranged in series or parallel stringshi@in higher voltages and currents, and
then packaged into modules. A PV module must beptemmented with an inverter,
which typically consists of a Maximum Power Pointadker, a DC/DC converter, a
DC/AC inverter, an isolation transformer, and atpotfilter.
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Although all photovoltaic cells operate on the sajaperal principles, there are a number
of different materials used. Among the different B&lls are mono-crystalline silicon
cells, poly-crystalline silicon cells, and thinffilcells. (Jenkins et al. 2000, pp. 44-46)

Because one photon can only free up one electhenPY electrical efficiency is
limited. Cell efficiencies lie in the range of 208ad lower. An important remark is that
the voltage, and thus the power output, decreasearly with increasing temperature.
"Therefore, PV cells operate best when the ceiscanl and the solar irradiance is high"
(Borbely et al. 2001, pp. 100-105).

Micro-CHP:

Micro-CHP units are small Combined Heat and Powedgpction units. They are often
fuelled by natural gas, but other fuels are possés well (e.g. fuel cells often run on
hydrogen, and microturbines can run on propane landfill gas). The option to co-
generate heat for utilization is optional, but #tvantages of this option (higher energy-
efficiency, lower operational costs) are generatiyiceived higher than the disadvantages
(reduced flexibility, higher capital costs), evemowgh many types are not yet cost
competitive. The technological features and perforoes of different micro-CHP
technologies can vary a lot (Pehnt et al. 2006;n@ty&as et al. 2001).

Different micro-CHP technologies

For each of the technologies considered in thearele(reciprocating engines, Stirling
engines, fuel cells and ORC-based units), a shedcription and a list with
characteristics are given. These characteristiesdarived from Pehnt et al. (2006),
Onovwiona and Ugursal (2004), and Hawkes and L€2085), and apply all to 1 kW
units, which are considered in the scenario amalykthis research.

Micro gas turbines

Pehnt et al. (2006) state that micro gas turbinesveé only been developed with
capacities above 25 k\\and are thus not categorized as micro cogeneraaimologies
according to our definition” (p. 3). Because in thiero-CHP scenarios of this research
1 kWg units are assumed this technology is not relelard.

Reciprocating engines

Reciprocating engines are also called Internal Gatidn Engines (ICES).

"Reciprocating engines are based on conventiorstbmidriven internal combustion

engines. For micro cogeneration applications, #jbic spark ignition (Otto-cycle)

engines are used, comparable to those used in abilesi' (Pehnt et al. 2006, page 4).
“In an Otto engine, a fuel, for instance naturak,gis mixed with air and

compressed in a cylinder. This mixture is thantephiby an externally supplied spark.

The now hot, expanding gas moves a piston, therabging the crankshatft to rotate. The

mechanical energy produced by this combustiones tlised to drive a generator.” The
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exhaust heat is recovered from the engine partshare supplied to the heating system
(Pehnt et al. 2006, page 4)

Characteristics:
- High operation temperature
- NOx production / higher exhaust emissions
- Electric efficiency for 1 kW: 20-25 %
- Total efficiency 80-90%.
- Subject to economies of scale
- Heat-electricity production ratio: 2.5:1 (Senerteick:1 (Vector CoGen)
- Relatively noisy
- Bad part-load performance
- High regulating speed
- Heat supply disrupted when engine fails

Stirling engines

Stirling engines are a type of external combustiogines.

"Unlike spark-ignition engines, for which combustidakes place inside the engine,
Stirling engines generate heat externally, in aasdgp combustion chamber. In the
Stirling engine developed in 1816 by Robert Stglia working gas (for instance helium
or nitrogen) is, by means of a displacer pistonyedobetween a chamber with high
temperature and a cooling chamber with very lowprature. On the way from the hot
to the cold chamber, the gas moves through a reggmeconsisting of wire, ceramic
mesh or porous metal, which captures the heateohtit gas and returns it to the gas as
the cold gas moves back to the hot chamber. ...Thehamécal energy of the Stirling
engine is used to drive a generator" (Pehnt &0416, page 7).

Characteristics:
- High fuel flexibility
- Low emissions
- 20% electrical efficiency (24% for large future nets)
- Total efficiency: >85%
- Heat-electricity ratio: 7:1 (WhisperTech)
- Relatively low noise level
- Good part-load performance
- Opportunity for continuous heat supply when endils

Fuel cells

"A fuel cell converts the chemical energy of a fueld oxygen continuously into
electrical energy. Typically, the fuel is hydrogen.Basically, the fuel cell consists of a
sandwich of layers that are placed around a ceeleatrolyte: an anode at which the fuel
is oxidized; a cathode, at which the oxygen is cedy and bipolar plates, which feed the
gases, collect the electrons, and conduct theiogaoeat.” (Pehnt et al. 2006, p. 9)

156



Typically, natural gas is the available fuel forcnae cogeneration applications.
Generally, fuel cells can reach the highest eleaitrefficiencies of all micro-CHP
technologies. However, "it is so far unclear whethel cell systems can achieve the
same thermal efficiencies as promised by the camgéechnologies. This is due to the
fact that the heat cannot be extracted at wellréefipoints in the system, but rather at
many dispersed heat sources, leading to greatesuresabeing required for insulation
and heat exchange" (Pehnt et al. 2006, pp. 9-10)

High temperature fuel cells, such as the solid exugel cell (SOFC) and the
molten carbonate fuel cells (MCFC), with a opemtiamperature of 600-1000 degrees
Celsius, have a higher electrical efficiency, amabpbly also a higher thermal efficiency,
because of lower thermal losses. Their regulatpepd and part-load behaviour rather
bad, however, because they require a constanttopetamperature to function properly.
Low temperature fuel cells do not have this opersti restriction: "a 200 kW PEM fuel
cell may operate at 45% electrical efficien@gardless of its lodd (Chambers et al.
2001, p. 99). In the research, low-temperature dalt§ are therefore considered.

According to the analysis results presented inthlesis of Van Kreijl (2007), the
(high-temperature) fuel cell is expected to delithex highest performance of all micro-
CHP technologies for energy provision in a houdes Thcludes both the environmental
and the economic performance.

Characteristics:
- electrical efficiency PEMFC (proton exchange membrauel cell): 28-33%
- Total efficiency: 80-85%
- Heat-electricity ratio: 1.5:1 (Vaillant)
- Modularity
- Silent operation
- Almost zero local emissions
- Good part-load behaviour (for low-temperature gells
- Complex thermal management

ORC-based unit

In the United Kingdom, Energetix microPower Limiteds developed a new micro-CHP
system (called the Genl&t based on a process known as the Organic Rankinke.C
According to their website, "this is effectivelyetrsame process as used in fridges,
freezers and air conditioning systems, but opegatimeverse" (website Energetix 2007).

Characteristic¥:
- 2.5kW, in the future 1 kW (Energetix)
- Heat-electricity ratio: 13.2 : 1, future 9:1.
- Overall efficiency: 90% or more
- Easy grid connection
- Heat-led
- Minimal export of power

“® http://lwww.eere.energy.gov/de/pdfs/conf-03_micmwahkshp/butcher.pdf, Viewed on August 3rd, 2007
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Appendix F: General technical effects of high DG paetration levels

In this appendix, the general effects of a largdespenetration of DG are examined.
This serves as background for the analysis of tleete of PV/micro-CHP integration on
the operational performance of the market for Ra&tjuy and Reserve Power (RRP). In
specific, the implications the technical effectghiihave on the need for and use of RRP
are the reason for examining those effects.

First, the current levels arising from the expastwnes should not exceed the thermal
ratings of equipment in the distribution networks.specific, distribution transformers
might not be able to cope with the export, accaydmliterature. As export volumes are
argued not too be too large, equipment should e tabmanage the reverse flows. For
the remaining difficulties bi-directional flows niig pose, possible future large-scale
integration of DG at households should be takero isbnsideration when old
transformers and other equipment are replaced.

Subsequently, protection schemes should secureatiety and stability of both
the DG units and the distribution networks. "Apidm own protection schemes that
each generator should possess, DG plants are refgggivred to install a set of protection
systems for interconnection with the local gridetwsure that the production plant will be
disconnected from the network once a fault is deten the grid" (Pecas Lopes et al.
2006, page 1198). However, this is probably motevemt to DG connected to the
medium voltage network. Besides, the smart metdisoe able to effectively connect
and disconnect the consumer-generator, or justDi@eunit if a generation meter is
installed.

Next, the transient stability, or the N-1 safetytloé system is another aspect of
the technical effects of DG penetration. AccordingPecas Lopes et al. (2006), "this
issue may become the limiting factor to the inceealsDG production in areas with low
consumption levels" (page 1198). This is not theeda the scenarios, because the Dutch
households have a consumption level that is ingutam to the DG capacity: the average
household SYC being 3,397 kWh, a 0.38 kW unit ajregacontinuously could supply all
the demanded electricity. The consumption is no¢agb uniformly, however: based on
the consumption profile fractions (Ecofys 2001) #mel average household consumption,
needed power rate can go up to 800 W. Viewing thikkW unit is well suited.

The N-1 safety depends on angle, frequency andg®Istability when one element of
the system fails (a big generator, a transmissia) b transformer). According to Thong
et al. (2003), "DG units connected via electronaavpr converters do not have large
capabilities to control active and reactive powg@edge 1), and therefore often operate at
unity power factor. This appears to be the casébfh photovoltaics and micro-CHP.
Besides, DG units "hardly take part in controllisgstem voltage and frequency" (page
2). The results of a simulation study for the Betgisystem, which is similar to the
Dutch one, show that DG penetration levels as lagyassumed in the scenarios have a
significant impact on the transient stability oéthystem. "In both N-1 studies, with an
assumed generation and line outage, the transiability becomes worse in DG
connection cases compared to the base case...Incases, the induction generator has a
larger influence compared to the synchronous."€p8g
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As relaxation, the following can be said. Firste tlong-term stability of systems with
high DG penetration levels is rather similar to #ystem without DG; long-term being
around 100 seconds. Second, the limited transitaddilisy arises from the fact the
remaining central generators have to control reagibwer, voltage and frequency to the
same extent, because the DG units do not contribiaeever, according to Jenkins et al.
(2000), CHP units can contribute to reactive poweanthermore, more static devices
could be introduced in the grid, which can generagetive power, as noted by Thong et
al. (2003). Third, the effects may be significamiit appear still to be rather similar to
those of a system without DG, and N-1 security asranted.

Finally, the effects of DG units on the dynamic &eébur of the whole electricity
system must be considered. Pecas Lopes et al. 2a0&lude that "the dynamic
behaviour of the system can be strongly affectedheypresence of DG units, not only
because of their protection devices or due to titeénsic nature of the electronic
interfaces of the units that use this technologpdge 1200), based on modelling results
for the Portuguese transmission system with eBB&rMW or 1500 MW connected to it.
Although both the absolute and the relative sizeD&f assumed in the scenarios are
larger, the differences between the countries, éetwnow and the future and between
the model and reality make it hard to be certaioualmegative dynamic behaviour as a
result of large-scale DG penetration in the Netets.
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Appendix G: Information for scenario analysis

Scenario A

Predictability production & consumption

The predictability of generation for an individudV cell is a different issue than the
predictability of generation for a group of consurgenerators with a PV cell. First, the
predictability of generation of a single PV cellpgads on the predictability of the solar
irradiancé’, in W/n?, in the Netherlands. After all, the other factorattdetermine PV
output are all constants: the electric efficientyhe cell, the surface area of the cell, the
location, and the orientation (assuming that cefi oot be rotated). In general, the PV
cell will obviously generate more electricity whéime momentary solar irradiance is
higher. However, the cell voltage, and thereby dabrversion efficiency, tends to drop
when the cell temperature increases. "Thereforec@ld operate best when the cells are
cool and the solar irradiance is high" (Borbely &mdider 2001, p. 105).

The solar irradiance is dependent on the weathee. tBasically, the solar
irradiance will increase and drop during the ddipfeing the orbit of the sun through the
sky during the day, which results in a paraboliged@oment of the momentary power
output of a PV cell on clear days. This can be seénigure G1, which shows some daily
curves of the power output of a 93, WV cell in the Netherlands, on cloudless days.

The unit '(K)W,' is often used in relation to PV cell capacitypdints to the fact that the
given capacity is only reached when weather camuitiare optimal: the solar irradiance
is high, while the cell temperature is not. Accaglio the website of Segaar/Polder PV
(2007), the highest power output are mostly in $peing, when the sun is blazing
between white clouds, the air temperature is lavd, #tae wind blows with high spe&d
This explains why the power output in Figure G1gloet reach the rated power of 93
W,. Furthermore, the figure shows that the changseakons on PV power output have
effect on the maximum power output and the timeogeof PV generation: on summer
days the power output is higher and generation tgrienger than on winter days. This
means that the daily energy output is much higlmeswaunmer days than on winter days.
Assuming the same relation between rated poweraahgal power for the 1 kKyWPV
cells in the scenario as in the figure, one suchcBN/will have a peak output of 750 W
(75% of rated power) on the best cloudless sumrags,ddown to 450 W (45% of rated
power) on the worst cloudless winter days.

" The solar irradiance can be regarded as the pdevesity of solar beams falling on the surface ef th
earth. Other terms used are irradiation, solaatam intensity, and insolation.

“8 http://www.polderpv.nl/seizoenseffectenl.htm#LOB®&, Dutch website of Segaar/Polder PV, viewed
on July 23rd 2007.
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AC power on cloudless days: 93 Wp average
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Figure G1: Seasonal differences in momentary PV posev output on cloudless days (© Peter J.
Segaar/Polder PV, Leiden (NL))

The seasonal differences for momentary power oubplRV cells leads to a specific
energy output pattern over the year. The energyubutf PV cells rises from January up
to June, after which it drops again. November, Ddwer, January and February are the
months with the lowest energy output in the Netak, with roughly only 20-40% of
the output in the summer months, according to nresgwata of PV cells in the
Netherland®.

Network stability

The PV production peaks, which tend to fall atpéak hours, can be flattened by fine-
tuning the PV panel orientation, as indicated ab®aatero and Lund (2006) find that
"the power generation peak during the PV operassmoother when the PV panels are
orientated to east and west than to the south onl$0% smoother in Lisbon and 30% in
Helsinki, respectively" (page 227). Since the clienaf the Netherlands is more similar to
that of Finland than to that of Portugal, a peragat of 25% could hold for the
Netherlands. According to Paatero and Lund, thisldoesult in about 20% lower total
yield, but network over-voltage would also redu@®®(page 227-228, values adapted
for the Netherlands). The flattening of the PV gatien peak might be needed to prevent
undesirable technical effects of the high genenatieaks, but that would decrease total
output as well. Probably a good trade-off is teptate PV panels differently at different
households, in such a way that the production peakmmer mid-hours is as large as the
total residential consumption connected to theibistion network.

9 See the website of Ton Peters, http://www.pv-&danfo, viewed on July 2% 2007.
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Furthermore, Paatero and Lund (2006) also stuttiedvoltage rise effects and
network losses arising from PV penetration. Foreagpration level of 50% (which was
modelled by 0.5 kW in every household in a disttitru system) only minor current flow
occurred, leading to small voltage rises no latiyan 0.7 % of nominal voltage. The total
network losses were reduced up to 1,kWusehold (page 229). Since the study assumed
a yearly consumption that was at least 25% lowan the average in the Netherlands, all
above results can be expected to hold for the Matis as well.

RRP offered

See Figure G2, which illustrates average houselmdsumption based on the
consumption profile from Ecofys (2001) and PV praiitan on a cloudless summer day,
based on solar irradiation metering data from Syyné2007)°. Figure G3 illustrates the

average household consumption and PV productioa cloudy summer day (one day
later!).

The first thing that can be derived from these rigguis that the fit between household
consumption and PV production is rather poor. Thionfirmed by a study from Coppye
et al. (2002) for Belgium, who state that "althoubk overall correlation is weak, PV
power output matches rather well with the bumphie averaged consumption profile at
midday" (page 4). A 'midday bump' is not visibtetihe Dutch consumption profile, but
even if it would be there, overall correlation rensaow.

Furthermore, the figures show that daily differencan be huge: on the cloudless day the
household exports large amounts of electricitytéeglve hours, while on the cloudy day
there is only one hour of export. Note that PV pi@ictbn on the clear day steeply
decreases and increases between 12.00h and 1&9ahesult of passing clouds. So the
fluctuations caused by passing clouds can resdhanp increases/decrease of electricity
import/export rates on the distribution networkdevand are limitedly predictable.

% Sunergy website, 2007. Data from http://sunerggms/?0n_line_metingen, viewed on July'28007.
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Figure G2: Consumption and production pattern for aconsumer-generator on a clear day (Sunergy
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Figure G3: Consumption and production pattern for a consumer-generator on a cloudy day
(Sunergy 2007; Ecofys 2001)
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Figure 20 is based on data from PV panels with R80/kW, per year output, and the
profile fractions of profile E1A (Ecofys 2001) irombination with a yearly household
consumption of 3,397 kWh (the 2005 average). THe lB@h/kWis in accordance with
Yogi Goswami (2003; p. 240), so is assumed to hold.

With yearly PV production of 900 kWh and a yearbnsumption of 3397 kWh, 26 % of
total consumption could in theory be delivered mn@roduction. However, because of
the export volumes at times of overproduction, alctontribution of the PV to own
consumption will be much lower.

What the picture shows is that the yearly PV prtéidac curve and the yearly
consumption curve are oppositely shaped: when PMymtion is at its highest,
household consumption is at its lowest, and vigsaudt appears that in summer, the PV
contribution to household consumption can beconté,50hile in winter it can be less
than 10%.

Although the weather cannot be influenced, thetmrsand orientation of the PV panels
can, which affects the generation pattern of theceNs. Paatero and Lund (2006) have
analyzed the effects of different panel orientagicend found that "the "East-West"-case
has the most flat mean power, but the total energguction is reduced. On the other
hand, the "All South"-case gives the highest tetaérgy output as expected, but the
shape of the PV curve is steepest of all case227)). Because the production peak does
not coincide with the morning and evening demanakpgwhich is shown by Paatero
and Lund as well), it could pay to flatten the protion curve at the expense of total PV
production to increase system balancing poss#slitiThe impact of panel orientation is
high: in Helsinki, the production peak could be &ved by 30% (p. 227).

Scenario B

This scenario assumes the large-scale domesti¢rpgoe of heat-led micro-CHP, which
is the main type investigated, because heat isrgiyneseen as the primary product of
micro-CHP systems. For example, COGEN Europe (28@ags that micro-CHP is “a
replacement for conventional gas boilers in doroestiellings, with the micro-CHP unit
operating in a ‘heat-led’ mode” (Hawkes and Lea®®3 p.712). There are however
more operating strategies, which will be discugaestenario C and D.

There are different possibilities for domestic heapply in micro-CHP scenarios: a
supplementary boiler or a heat storage tank coeldadded. The combination of the
micro-CHP unit, and a possible heat storage tamdoam conventional boiler can be
called themicro-CHP system So there are mainly four micro-CHP systems (sgaré
G4):

A stand-alone micro-CHP unit

A micro-CHP unit with a supplementary boiler

A micro-CHP unit with a heat storage tank

A micro-CHP unit with a boiler and a heatragie tank

PwpE

In system 1 and 3, the micro-CHP unit is the ordpthproduction device, while in the
other two systems the supplementary boiler can tsegenerate heat as well. A heat
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storage tank can store heat generated by the r@idi®-unit that is demanded at the time
of production, up to a certain level. According tdaeseldonckx et al. (2005)
“cogeneration units are mostly considered as stdmide facilities, although, in reality,
they will be part of a system that may also congabvack-up boiler and a thermal-storage
tank.” (p. 1229). The choice for a micro-CHP systems consequences for the regulating
speed of heat production capacity, the amountexteetity produced, and the flexibility
of the micro-CHP system.

How likely and desirable the integration of boilemsd storage tanks are, depends on
costs and design developments, on the heat andrigtgcdemand patterns of the
households, but also on the technological featafesicro-CHP. Differentmicro-CHP
technologies can favour different micro-CHP systems. Table Glow shows the
electrical efficiency, total efficiency and heaeéicity ratio of the four micro-CHP
technologies that are considered in this analyi$isese four technologies include three of
the four most important mini/micro-CHP technologiesnsidered by developers and
researchers: reciprocating engines, Stirling ersgared fuel cells. Microturbines are not
included, because they cannot be sized down to 4, liMeast not at the moment. ORC-
based units are a new, small, and simple technohtfy properties very different from
the others. They are currently produced by Energetithe UK. For a description of

the technologies, see appendix D.

Electricity import @D Fuel import Ny — - Electricity import @D

Electricity export
a)

Heat storage
tank
Mioro-CHP unit +. Electricity import @ Fuel import e ».‘ Electricity import @D
Electricity export / /

C) Electricity export d)
Figure G4: Different micro-CHP systems for electriéty and heat supply to households: a) stand-
alone, b) with a supplementary boiler, c) with a hat storage tank, and d) with both a boiler and a
tank
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> http://www.energetixgroup.com. Viewed on Augu¥t 2007.
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Values from Table G1 are adapted from numbers doxeRehnt et al. (2006), and show
efficiencies and heat-electricity ratios that cleady be achieved. It can be seen that the
efficiencies make large-scale penetration of thesero-CHP technologies attractive
from an environmental perspective.

Electrical Total efficiency Heat-electricity
Micro-CHP efficiency ratio
technology (all 1 kW)
Reciprocating engine | 25% 85% 2:1
Stirling engine 20% 90% 3.5:1
Fuel cell 30% 80% 1.5:1
ORC-based unit 10% 90% 8:1

Table G1: Efficiencies and heat-electricity ratioof the four micro-CHP technologies

For comparison of the above micro-CHP heat-elattrfiroduction ratios, it is useful to
know the average household consumption heat-edggtratio in the Netherlands.

In 2004, an average Dutch household used 1,736atural gas, of which 96% was used
for domestic heating (of water and spatessuming the delivery of Dutch natural gas
from Groningen, which has a caloric value of 31.7/idf, on average 14,675 kWh was
used for heating in 2004. Taking this value asaheual heat consumption, and 3,397
kWh as the annual electricity consumption (see agipe A), the heat-electricity
consumption ratio for the average Dutch houseto#ti3:1.

It must be noted, however, that it has been assuhsdhe system environment
stays the same, which includes the electricity delmand heat demand of households.
However, it is generally predicted that residengiaictricity demand will rise, while heat
demand will drop. If both are true, the heat-elettyr consumption ratio will be lower
than the current 4.3:1. According to De Jong e(28106), the average electricity demand
could have grown to 4960 kWh per Dutch household 2080, a rise of 46%.
Furthermore, the heat demand of German householdd bave dropped with 30% 2030
(Pehnt et al., p. 60), meaning for Holland that #werage heat demand would have
dropped from 14,675 kWh to 10,273 kWh. If both pecédns are true, the average heat-
electricity consumption ratio will become 2.1:1dacrease of 50%. This changes the
relative suitability of the different micro-CHP tewlogies for Dutch households.

Furthermore, an important insight is that the lekiWcro-CHP units assumed are able to
provide the households their entire electricity dady having derived from the profiles
from Ecofys (2001) and the average electricity comgtion of 3,397 kWh that the peak
heat electricity demand of the average househaddldand the 800 W (Ecofys 2001). In
contrast, the heat demand will never be able twigeothe entire heat demand. This can
be shown by the heat demand patterns for the sirbika households in Hawkes and
Leach (2005), where the maximum heat demand isshigtan 12 kW, (see Figure G6),
while the highest thermal power output possibleddr kW, micro-CHP unit is 8 kW
(from the ORC-based unit, see Table G1). This iegpthat a supplementary boiler is a
necessary part of the micro-CHP system.

2 www.energielabel.nl, Viewed on June 23rd, 2007.

166



Predictability production & consumption

Considering daily patterns of heat and electricdonsumption, Figure G5 shows the
electricity consumption throughout the day accaydio the consumption profile of

Ecofys (2001). Not only can the seasonal differenbe seen again, but also the
consistency in the daily pattern. Of course, fag thdividual household there will be

many sharp fluctuations (caused by the switchingppiiances) which are diminished for
the aggregate consumption of large groups of haldeh

In Figure G6, typical residential heat demand past¢the black lines) are shown for the
individual household. The difference between heatier and summer is confirmed, as
are the higher energy amounts demanded, comparel@dticity: the heat demand can
be higher than 12 kW This figure is adapted from Hawkes and Leach $208nd also
shows the heat delivery of a 2 k\M8tirling engine that is heat-driven (in red).

Momentary power for the average Dutch household according
to profile
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Figure G5: Power output for the average Dutch Houdeold according to profile (Ecofys 2001)

Here, it is also confirmed that a supplementarylebos needed: the Stirling engine

cannot provide all the heat, even though it is éwés big as assumed in this analysis.
Besides, the heat demand profile shows very sHagbuhtions. The only consistency

visible is perhaps the bulk heat consumption inntzening between 7.00h and 9.00 and
in the evening between 18.00h and 23.00h.

In short, what can be at least understood fronfiwges is that heat consumption is at a
higher level than the electricity consumption, tbath individual patterns show sharp

fluctuations, and that, very roughly, both showa@mmng peak and an evening peak.
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Figure G6: Residential heat demand and heat outputf a 2 kW, Stirling engine on three days in
different seasons (Hawkes and Leach 2005, from fig)

Network stability

Pecas Lopes et al. (2006) have examined the tedhaftects of DG integration in
general. First and foremost, they indicate that BGcapable of providing ancillary
services like reserve power, especially technobodiiee micro-CHP: "Non-renewable
distributed generation already provides standirsgmes services to the TSO" (p. 1194).
This confirms the above, and implies that the temdinimplications are at least
manageable.

The opportunities for provision of other ancillasgrvices by DG are stated to be better
for micro-CHP than for PV, although still limitedBecause of the relatively low
availability of DG compared to network componentsda... voltage standards,
opportunities will be limited for DG to provide ‘abe support or overload reduction.
Only non-intermittent DG would be suitable for sumbplications.” (Pecas Lopes et al.
2006, page 1194).
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RRP offered

The match between residential consumption and ptaduby consumer-generators was
found to be reasonable under 'predictability préidac & consumption'. On the

distribution and transmission system level, thiowti therefore lead in an overall
reduction of the system load, and limited exportusees. Figure G7, presented in
Peacock and Newborough (2006), confirms this statémShown is the aggregate
electrical load of a distribution network with 5®useholds, where the micro-CHP
penetration is 76%, and the individual capacity KV8,. What can be seen is that the
general system load is indeed decreased, althaurgihd night the decrease is minimal.
Furthermore, the largest decreases indeed ocdhedatmes just before peak electricity
demand times, when the heat demand peaks. Indhes the large penetration results in
net electricity export for the entire distributioretwork during the peak heat demand
periods. This export is however much smaller thenformer peak load in the network.
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Figure G7: Effect of heat-led micro-CHP control onelectrical load in a distribution network with 50
dwellings on a January day (Peacock and Newboroudg?D06, fig. 3a)
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