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Abstract

The share of microgeneration (power generatiomatl@vel of households and small businesses) in
the Dutch electricity system continues to grow. Qume, this development may pose a threat to the
reliability and efficiency of the Dutch electricityalancing market. We investigated possible changes
to the design of the Dutch balancing market that w@intain or even improve upon its current
operational performance level. The first step @& thsearch was an analysis of the existing Dutch
balancing market. It consists of three main inseote: programme responsibility, the single buyer
market for regulating and reserve power (RRP), mmblalance settlement. The balancing market
currently functions satisfactorily. Subsequentlyhe t effects of large-scale development of
microgeneration in the Netherlands were evaluateth @ qualitative scenario analysis. Four
microgeneration scenarios and two methods for atiilog the household electricity consumption and
generation were considered. The four scenariosetoad large-scale penetration of PV, heat-led
micro CHP, electricity-led micro CHP operated bg tiousehold consumer, and electricity-led micro
CHP operated by the supply company. The last sicemas found to have the strongest positive net
effect. Finally, six design options were identifiea improving the Dutch balancing market design in
case the share of microgeneration would increabstautially. Of these six options, adjusting the
profile methodology and the regulation of smartereare no-regret options that can be implemented
immediately. The attractiveness of the other ogtidapends upon the microgeneration portfolio that
emerges, the manageability of large metering datasf and the nature of the technical effects of
large-scale microgeneration penetration.
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1 Introduction

Integrating solar panels in buildings, small-scai@d energy and combined heat and power
generation provide significant environmental besefbut large-scale development of these options
could change the dynamics of electricity systemsstantially. In this paper we assess the potential
impact of these trends upon the electricity balagnamarket of the Netherlands. We define the
balancing market as the institutional and techrécedngements that ensure that the energy balance i
maintained within the national electricity networla the Netherlands, a market-based set of
arrangements is used, consisting of three instrtsndfrogramme responsibility, the single-buyer
market for regulating and reserve power, and imizadasettlement. The Dutch Transmission System
Operator (TSO) TenneT is responsible for maintajriire power balance in the electricity system, and
therefore has a central part in the exercise ofbancing market instruments. He uses market
mechanisms for the financial settlement of the rixitay costs.

The performance of the Dutch balancing market dépem the behavior of market participants.
Currently, the balancing market is working satigfaty, but it is unknown in what way major
changes to the electricity sector would changepé@gormance. One important possibility that has
already been studied extensively is the growingdref microgeneration. 'Microgeneration' is defined
as power generation at the level of householdssamall businesses. Microgeneration at the level of
households is an interesting subject because [&frge potential, the possibly limited control oteis
type of microgeneration by market players and gnieérators and the current lack of continuous
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metering of residential and small business conssinTdris raises the question whether a higher share
of microgeneration at the household level would endtk necessary to adjust the design of the
balancing market and if so, which adjustments waoldtribute most to system performance.

This research question is addressed in the nextdections. First, the Dutch balancing market
design is described in Section 2. In Section 3,es#vscenarios for the development of
microgeneration are introduced for the purposevafuating the effects of large-scale microgeneratio
penetration on the operational performance of @larizing market. In Section 4, the performance of
the balancing market in these scenarios is evaluateaneans of a qualitative scenario analysisthee.
influence of microgeneration is not measured or etexdl This analysis does not provide accurate
estimations of effects, but it suffices for a geheavaluation of microgeneration development in the
light of balancing market performance for the Ndtmeds. In Section 5, recommendations are
developed for improving the design of the Dutchabhalng market. In Section 6, the conclusions are
presented and suggestions for further researcphraveded.

2 TheDutch balancing market

We will now describe the three elements of the Bugalancing market (‘onbalanssystematiek’ in
Dutch): Programme responsibility, the single-bugearket for regulating and reserve power (RRP),
and the imbalance settlement process. Programrpensibility is defined by the Dutch Electricity
Act (2007), while the bidding and dispatching rulesRRP and the settlement of imbalances are set
forth in the Grid Code and the System Code, whiehpart of the secondary energy regulation in the
Netherlands (DTe, 2005; DTe, 2006).

2.1 Programme responsibility

Programme responsibility requires connected paékstricity producers and consumers with a
connection to the electricity network) to informnheT about the electricity volumes they will buy
and sell for each Programme Time Unit (PTU), st TrenneT is able to maintain the system balance
and settle imbalances justly. A PTU is fifteen ni@wulong, which means that there are 96 PTUs per
day. In order to be allowed to make use of thesirassion network, a connected party must be
recognized as a Programme Responsible Party (PRRPs submit Energy Programmes (E
Programmes) and Transport Prognoses (T Prognosesgath PTU to TenneT in a prescribed
electronic format. In an E Programme, a PRP sgecifie planned net volume that he intends to inject
into the grid or withdraw from it through ‘his' driconnections, per PTU. In a T Prognosis, the
absolute transport volumes and relevant Grid Supgints are specified. They are not needed for
balancing, though, but for transport planning aodgestion management. PRPs are charged for any
deviation from the planned net volumes that werecsigd in the E Programme (see imbalance
settlement), while T Prognoses inform TenneT aleyiected system load in different parts of the
network. Final versions of E Programmes must benddéd to TenneT at least one hour before the
PTU of operation (TenneT, 2006; Wenting, 2002)s lattractive for PRPs to have responsibility for
many grid connections, both production and consiomptbecause this improves their ability to
predict actual net volumes and to balance intgrndlhat way, they can minimize their deviations
from Eheir E Programmes. Currentlyhere are 30 PRPs with full rights, and 26 PRRIs trade-only
rights’.

2.2 The single-buyer market for RRP

TenneT uses the E Programmes and T Prognoses docbasupply and demand in advance. In
practice, small system imbalances still occur insmBTUs, because of unexpected changes in
electricity consumption, production or transponpaeity. To resolve these system imbalances, TenneT
operates the single-buyer market for regulating r@serve power (RRP). Producers with more than
60 MW production capacity are required to offerialde RRP in the form of bids (DTe 2006). In
RRP bids, the capacity, bid price, regulating spaed dispatch time are specified by the supplier o
RRP. The offered RRP must meet certain requiremémtsmost important ones of which are a bid
size between 5 and 100 MW, bid prices between 60@0and 100,000 €/ MWh, and, for regulating

3 TenneT website, www.tennet.nl, accessed on Jufie20D8
4 These PRPs are not allowed to inject or withdiawt,only to trade electricity within the Dutch temission system.



power, a regulating speed (minimum ramp rate) highan 7%/minute and a response time for
regulating power no more than 30 seconds (Tenn@d3;2TenneT, 2006). In practice, PRPs perform
this task as well.

The difference between regulating power and reseyower is that regulating power is
automatically deployed through the Load Frequenontf@l| (LFC) system, while reserve power is
deployed by the supplier after an instruction byierl. The LFC system involves an automatic
electronic signal (a so-called ‘delta signal’) frdmnneT to RRP suppliers for activating the neaggssa
volume of regulating power. In contrast to resepeaver, regulating power should have a response
time smaller than 30 seconds. RRP suppliers am tivechoose their bid prices, but bidding is
competitive. The RRP bids with a dispatch timeifté&én minutes or less are ranked on a bid ladder,
per direction (positive or negative) and in orddrimcreasing bid price. To resolve a system
imbalance, bids of positive power are deployed byrieT in order of increasing bid price, and bids of
negative power in order of decreasing bid price PR&Rippliers of positive power that is deployed
receive the dispatch price for positive power, @iRRP suppliers of negative power that is deployed
pay the dispatch price for negative power. The alidp price per direction is the bid price of the
marginal bid in that direction that is needed teoiee the system imbalance in that direction (Ténne
2005). If the volume of RRP is insufficient for obsing system imbalance, TenneT can deploy
emergency power, which is contracted separatedypiice is higher, in exchange for continuous
availability.

2.3 Imbalance settlement

The process of imbalance settlement consists ofpavts. The first part is the settlement of the
individual imbalances of Programme Responsiblei€arEor this process, the net imbalance volume
of each PRP must be known, along with the imbalgmizzs. The imbalance costs for each PRP are
his imbalance in MWh multiplied by the imbalancécprin €/ MWh. For each PTU, new imbalance
prices and imbalance volumes are determined. Thalance prices follow from the dispatch prices in
the market for RRP; the imbalance volumes are tfierences between the planned net volumes in
the E Programmes and the allocated net volumes.

The second part of the imbalance settlement prosei®e allocation process, by which actual
production and consumption are allocated to eachihef Programme Responsible Parties. The
electricity consumption of many consumers, esplgci@mall consumers, is not measured
continuously. Based on their consumption pattethese consumers are assigned one of several
consumption profiles. These profiles provide an rapimation of their moment-by-moment
consumption and are used for allocating their sbammbalances. Because these profiles are nat full
accurate, a process has been established for taligdhe actual consumption of profiled consumers.
The volume that is withdrawn by these profiled aoners is derived by subtracting total metered
consumption from the metered total feed-in. In coration with a Standard Yearly Consumption
(SYC) that is known from annual metering, an asshicensumption volume can be determined for
each profiled consumer per PTU. In the allocationcess, the total consumption of profiled
consumers is allocated to the relevant PRPs basdtieorelative proportions of the total assumed
consumption of the group of profiled consumers undsponsibility of each PRP (PVE, 2003). For
electricity producers and consumers with a teleynttcility, the actual net volume injected into or
withdrawn from the grid is metered per PRP. Thiywal production and consumption is allocated,
and imbalances of PRPs can be determined anddsettle

In principle, the settlement prices for imbalanaes the same as the dispatch prices. The dispatch
price for positive balancing power is used when sistem imbalance is positive, and vice versa.
When both positive and negative RRP has been deg)lothe price for positive power is the
imbalance price for PRPs which have a negativevoktme difference and the price for negative
power is the imbalance price for PRPs which hapesitive net volume difference. When no RRP has
been deployed, the imbalance price is based ommtidéle price": the average of the lowest bid price
for positive power and the highest bid price fogamtve power (Wenting, 2002). PRPs that have a
positive net volume difference (PRP surplus) angeeted to have sold thie TenneT, and therefore
receive the imbalance price. PRPs that have a imegaét volume difference (PRP shortage) are
expected to have bought tHrom TenneT, and therefore pay the imbalance price (@€n2005).



This stimulates market parties to have a surplterahan a shortage, which contributes to theesyst
balance.

2.4 Current performance of the Dutch balancing market

The operational performance of the current Dutclariiang market is satisfactory. Due to the
competitive structure of the RRP market, the imbedaprices roughly reflect the costs of system
balancing. Less than 3 % of system load needs tbabtenced in the RRP market, most system
imbalances are between -300 and 300 MW (comparad tverage system load of 11.9 GW), and the
imbalance prices appear to be sufficiently higlentthe power exchange prices. This is a desired
situation, because the penalty for having an imizaashould be higher than the costs of making the
same trades in the market in order to provide aertive for preventing imbalances. In only a
relatively small number of PTUs per year the RRRgmais not sufficient and emergency power is
needed.

3 Four scenariosfor microgeneration

In the context of this research, microgeneratiom lteen defined as ‘power generation at the level
of households and small businesses’. We analyzed pihtential consequences of large-scale
introduction of microgeneration to Dutch househald$our microgeneration scenarios. All of them
are based on the assumption of two million micregetion units of 1 k\y (an electricity generation
capacity of 1000 W) in as many houses, meaningataind 30% of all household consumers have
become 'consumer-generators’, which is equivateabout 10% of the currently installed electricity
generation capacity in the Netherlahd$n addition, there already is a substantial wwduof larger
micro and distributed generation units in the Nd#mels at greenhouses and industry.) The scenarios
differ with respect to the microgeneration techgglahe operational strategy and the operator:

* in Scenario A all the microgeneration units consfgthotovoltaic (PV) cells,

* in Scenario B there are only micro-Combined Heak Bawer (CHP) units that are operated to

meet the demand for heat,

* in Scenario C there are only micro CHP units that aperated to meet the demand for

electricity, and

» in Scenario D there are only micro CHP units thrat@erated by the supply company instead

of the consumer-generator, and operation is agetirhined by the demand for electricity.

These scenarios were chosen to represent disgnicénds along which the market could develop
in order to test the operational performance of@bé&h balancing market. While in practice a mix of
these scenarios is likely, we chose scenarioseiieh represent a single trend in order to anahee t
potential effects of these trends. The rationatesédecting these scenarios is as follows. PV alodom
CHP are considered the two microgeneration teclgmdowith the highest potential for residential
application (Choudhury and Andrews, 2002, p. 1). tbése, PV is the only truly sustainable
technology, whereas micro CHP is more cost conipetdnd at the same time leads to significant
reductions in fuel consumption and emissions. Hehtand electricity-led control are both well-
known operating strategies for micro CHP and hafferdnt implications for electricity production
and consumption (see e.g. Hawkes and Leach, 2@&)trol of micro CHP units by supply
companies is an option that could lower energysctist households and at the same time reduce the
operational risks and provide trading opportuniteeshe electricity suppliers. With respect to #iee
of the microgeneration penetration considered, 1, \a typical system dimension for both PV cells
(Yogi Goswami, 2003, p. 243) and micro CHP uniteh(f et al., 2006, p. 4-11). Finally, scenarios
assuming similar microgeneration development sizébe Netherlands also have been developed by
De Noord, Beurskens and De Vries (2003) for PVIayp®e Jong et al. (2006) for micro CHP.

No assumptions were made with respect to the tiondn within which these developments take
place, as we are only concerned with the systefonpesince in the case that such a scenario develops,
not how it comes about. However, microgeneratioreltgment of this scale will likely take at least a
decade. Because the Dutch government has decidedéo'smart’ meters (digital meters, also known
as intelligent meters) installed for electricity tereng in every Dutch household (Energie Nederland,

5 The installed production capacity in 2006 was 23, MW (EnergieNed, 2006), while the two million Wk
MICROGENERATION units add up to 2,000 MW.



2007) and because the roll-out can be expectede toompleted before large-scale penetration of
microgeneration in the Netherlands, it is realisi@ssume that all households have a smart mgterin
facility. The main functions of the smart meters agmote transmission of meter readings and more
frequent readings, which can remove the need fwiilipig in the allocation process. For this reason,
as a second variable two extreme allocation methasie been added to the scenario analysis, one in
which profiles are used for allocation of househmdthsumption and generation, called 'allocation by
profiling’, and one in which smart meters are usedemotely send meter readings every fifteen
minutes, called 'allocation by metering'.
In summary, the structure of the scenario analgsstiown in Table 1.

Table 1. Structure of the qualitative scenario analysis

MICROGENERATION scenarios (two million 1
KWyq units)

Allocation methods

Allocation by profiling Allocation by metering

Scenario A: PV cells

Scenario B: heat-led micro CHP

Scenario C: electricity-led micro CHP

>

Scenario D: electricity-led micro CHP operated by
supplier

Next, we established a set of performance critarimrder to evaluate the effects of a high
penetration level of microgeneration on the operati performance of the current Dutch balancing
market design. We derived these performance aitiedm relevant policy and market evaluation
documents (DTe, 2005; DTe, 2006; PVE, 2003; Ten2€05; TenneT, 2006; Wenting, 2002). The
criteria reflect either economic or reliability @sps of operational performance. Environmental
aspects are not relevant for balancing; there tismuh room for choice between balancing resources,
and the contribution of balancing to overall powewvision is negligible. We weighed these criteria
on a scale from 1 to 3, as indicated in Table 2 f&tionale behind the given weights is as follows.

Consumers consider reliability of service as sufigthy more important than cost, as is indicated
by their high willingness to pay for electricityf(d<ariuki and Allen, 1996). Moreover, as far as
balance management is concerned, the issue dbitityias broadly considered as more important than
costs. After all, the task of balancing is necgskit the continuity of electricity service. In atdn,
competition in the single-buyer market for RRP easuhat imbalance prices will not lie far from the
day-ahead power market prices.

The performance criterinetwork stability, (the volume of)RRP offered, and theaccuracy of E
Programmes (which is determined by the predictability andxitelity of electricity production and
consumption) directly determine the volume of inalpeles and how effectively they are resolved. As
they directly affect the reliability of service g are therefore given a weight of ‘3’

The predictability of production and consumption, the accuracy of allocation, and thevolume of
RRP that is deployed are less important to short-term reliability, whis why these are given a weight
of ‘2’. The imbalance cost criterion is given the same weight, because tlwsts are the main
financial outcome of the balancing market, providihe incentive to prevent imbalances and offer
regulating and reserve power. ThBocation cost criterion is the least important for operational
performance of the balancing market and is theeefioren a weight of ‘1’

It should be noted that the performance critengs of programme responsibility and costs of
single-buyer market for RRP are excluded because of their marginal contrilbutm the economic
aspect of balancing market performance: they ménmglglve administrative costs to TenneT that are
related to the management of T Prognoses, E Progeanbids and imbalance information.



Table 2: Performancecriteria

Performance criterion Weight

Predictability of production and consumption 2

Accuracy of E Programmes (programme responsilatitgria) 3
Network stability 3
RRP offered 3
RRP deployed (single-buyer market for RRP criteria) 2

Accuracy of allocation

Imbalance costs

Costs of allocation (imbalance settlement criteria)

In the following analysis, we valued the operatigperformance of the balancing market in each
scenario. We rated the performance with respeitte@bove criteria on a scale from -2 to 2. Thae sig
and magnitude of the value reflect the estimateection (positive or negative) and size of the @ffe
as compared to the current situation. The valuesbased on our own judgment, considering the
literature on the Dutch balancing market and mieregation.

4 Theeffects of microgeneration upon the performance of the balancing market

For scenario A, with only PV, effects on most pariance criteria were valued to be either
negative or zero; only ‘accuracy of allocation &location by metering’ received a positive sc&ee
Table 3. This is primarily due to the limited pretdbility of PV in the short term. Although seaslona
and daily production patterns of PV are quite padile, passing clouds result in sharp fluctuations
Cloud coverage is difficult to predict. Secondly,is not possible to shift PV production, since
production depends on solar irradiance. Thirdlyd aerhaps most importantly, the PV production
pattern does neither fit well with the domestic sumption pattern, nor with the system consumption
pattern. On a yearly basis, PV production is higkadsen overall electricity consumption is lowest in
the Netherlands. However, even at times of maxpeak production, the electricity volume flowing
back to the higher voltage grids will be limite@&cdause the other households will be provided wviigh t
exported electricity first. PV panels can be oriented imtsa way that total production is decreased
but the production is flattened, which decrease®ree flows and increases the daily period of
significant electricity production (Paatero and Hug006).

Table 3; Performancein Scenario A

o Score Score
Performance criterion S ]
profiling metering

Predictability of production and consumption -1 -1
Accuracy of E Programmes (programme responsibilify 1 0
criteria)

Network stability 0 0
RRP offered -1 -1
RRP deployed (single-buyer market for RRP criteria) 0 0
Accuracy of allocation 0 1
Imbalance costs -1 -1
Costs of allocation (imbalance settlement criteria) 0 -2

The valuation of the performance criteria for Se&nA is based on the following arguments.

» Because of the unpredictability of solar irradiatipredictability is lower for both allocation
methods, compared to the current situation. Howdhés unpredictability is limited at the system
level, because individual fluctuations cancel eattier out to a large extent.



» The accuracy of the E Programmes is expected to be smaller in case of allocatiorptofiling
because of the impossibility of shifting the protime of PV power, while in case of smart
metering, demand shifting and better predictiomeebhout the negative effect.

» According to the literaturenetwork effects from similar PV penetration levels will be limited
(Denholm and Margolis, 2006; Paatero and Lund, 2006

» Thevolume of offered RRP will decrease because more central, conventiomaygtion capacity
will be needed for balancing the PV production,athihen can not be offered as RRP anymore.

» The change in theolume of deployed RRP is negligible, because PV is relatively prediotabl

» Theaccuracy of allocation is expected to remain constant in case of alloody profiling (PV
generation can be predicted well with new genemagimfiles), while it will increase in case of
allocation by metering (residential consumption BMproduction are metered exactly).

* Imbalance costs, which are determined by the volume of deployedPRRe liquidity of the RRP
market, the RRP margin, and the volume of imbalaePRPs, will be higher, mainly because
of the smaller RRP margin.

» Finally, thecosts of allocation are roughly the same in case of allocation byilmgfbecause of
the low extra costs of forming a new PV generagtimfile, while in case of allocation by metering
the much higher data flows bring about substagtigigher costs of data collection, processing,
and storage (see Choudhury and Andrews, 2002).

In Scenario B, households control their micro CHitauin order to meet their heat demand.
Peacock and Newborough (2006) show that the resd@onsumption pattern of electricity matches
the heat consumption pattern rather well, but thatmorning and evening peaks of the heat pattern
occur somewhat earlier. In contrast to PV cells;raniCHP units have a flexible production pattern,
which means that production will be influenced e telectricity import and export pricksThe
degree to which this technical flexibility can beed depends on the method by which actual
consumption and production are allocated to conswmeerators. When metering is used as the
allocation method, specific price signals can bavigled to consumer-generators. With allocation by
profiling only the number of tariff categories che increased. This would require multiple registers
but would make it possible to shift a significaniume of electricity demand (in this scenario todear
times of high heat demand). When allocation by nmageis chosen, micro CHP can be offered as
RRP thanks to the fast information and data exobalogt in Scenario B the options are limited by the
heat-led mode of operating. Even when the micro QHis are complemented with boilers and heat
storage tanks (the first of which are necessaryl fl¥V,, units and the second of which are desirable
for more flexibility and heat production), the oaonal flexibility of the units is limited whenlahe
heat is to be utilized by the households. The latgetricity export flows could have a negativeseff
on network stability, although less than in theecakPV.

Table 4:; Performancein Scenario B

- Score Score

Performance criterion . .
profiling metering

Predictability of production and consumption 0 0
Accuracy of E Programmes (programme responsibility 0 0
criteria)
Network stability 0 0
RRP offered 0 0
RRP deployed (single-buyer market for RRP criteria) 1 1
Accuracy of allocation 0 1
Imbalance costs 1 1
Costs of allocation (imbalance settlement criteria) 0 -2

5 In this context, the terms 'import' and ‘expoefer to the withdrawal of electricity from the dibution network,
respectively the injection into the network, by somer-generators (households with a microgeneratidth



The values of the performance criteria for ScenBrare provided in Table 4.

» Because the heat consumption pattern of houselsotfiste predictable, theectricity production
from heat-led micro CHP is equaltyedictable. This means that electricity production in Scemari
B can also be predicted rather well with one oremmew microgeneration profiles. Because of the
high predictability of residential production andnsumption, smart metering is not expected to
improve predictability much more.

* Theaccuracy of E Programmes will increase because of the operational flexipitf the micro
CHP units, but is limited by the primary task oahprovision.

* Next, studies of the technical effects of micro Cétidw thainetwork stability in Scenario B can
be expected to remain unchanged (Pitz et al., 2B8Bnt et al., 2006).

* Thevolume of offered RRP will not increase much because of the relativéekilbility of micro
CHP, but thevolume of deployed RRP will decrease due to the significant decrease/stesn load
which is caused by the direct consumption of redid#y generated electricity within the
households themselves.

» The accuracy of allocation will be the same in case of allocation by profjlirthanks to the
predictability of micro CHP generation, and inceeas case of allocation by metering, due to the
exact metering of each PTU.

» Theimbalance costs will decrease due to the lower volume of systetalances.

* Finally, thecosts of allocation will be the same in case of allocation by proflilbecause of the
relatively low cost of generation profiles, and rdgher in case of allocation by metering due to
the high costs of extra data collection and prangssom households every fifteen minutes.

In Scenario C, consumers let their micro CHP ufaliew their electricity demand. Differences
between the heat production of the CHP unit andwaoers’ heat demand are met with supplementary
boilers and heat storage tanks. This leads to amairnvolume of export flows and a reduction of the
average load of the electricity network by severscentage points. In this scenario, the opporamit
for market participation and thus for the provisafRRP with micro CHP increase, because the focus
lies on electricity production instead of heat prctibn. Market participation would best be factiitd
by a micro CHP technology with a low heat-electyicatio and a high part-load performance as well
as high regulating speed, such as a low-temperéiateell. Microgeneration units with a high heat-
electricity ratio would waste too much heat, coasity that the heat demand of Dutch households is
about four times higher than their electricity dewhand that the heat demand peak occurs before the
electricity demand peak. This means that conveatiboilers will be used more than in the scenario
of heat-led micro CHP, which reduces the enviroraleadvantage of micro CHP.

Table5:; Performancein Scenario C

- Score Score

Performance criterion . .
profiling metering

Predictability of production and consumption 0 -1
Accuracy of E Programmes (programme responsibility 0 1
criteria)
Network stability 0 0
RRP offered 0 1
RRP deployed (single-buyer market for RRP criteria) 1 1
Accuracy of allocation 0 1
Imbalance costs 1 2
Costs of allocation (imbalance settlement criteria) 0 -2

In Table 5 we list the performance criteria for Saméo C.



» Predictability of production is expected to stay the same because consumemag@sewill most
likely adopt a simple and logical operating stratetney will either cover their own electricity
demand or maximize microgeneration (depending erettport tariff and energy prices). In case
of allocation by metering, suppliers will be abtegrovide real-time price signals to households,
which creates some uncertainty regarding this €igerion.

» The accuracy of the E Programmes will increase if allocation by metering is useechuse the
increased influence of suppliers in this allocatigrtion enables more internal balancing of PRPs’
portfolios in such a way that the deviations fréra submitted E Programmes are minimal.

* Network stability is expected to be equally high as in the currentralized system, the same as in
case of heat-led micro CHP.

» The volume of offered RRP will increase in case of allocation by meteringdugse micro CHP
units lend themselves for use as regulating arervegpower units. (A certain degree of clustering
of units into so-called Virtual Power Plants witbpably be needed.)

* Furthermore, the increased operational flexibit§ll also increase the volume of a priori
balancing, which reduces tivelume of deployed RRP somewhat more than the reduced system
load already does.

» Theaccuracy of allocation will roughly stay the same in case of allocatignpofiling, because
the operating strategy of consumer-generatorspailbably be as predictable as consumption. In
case of allocation by metering, the exact metermgoves the accuracy to a hundred percent.

 Due to the lower volume of imbalancesibalance costs will decrease, even more so in case of
allocation by metering because of the extra cortipetin the market for regulating and reserve
power.

* The rationale for the values of thests of allocation is the same as in the other scenarios.

In Scenario D the suppliers control the micro CHiiRuto maximize the economic value of their
electricity production and supply. This removes thecertainty regarding the way in which
households would react to price signals. Thereflogerole of micro CHP in the electricity market is
expected to be the largest in this scenario, lgatirmaximal predictability and RRP provision by th
microgeneration units. However, network stabilignde affected negatively, e.g. when large power
plants no longer have sufficient capacity for re&ctontrol. However, if that happens, micro CHP
output could easily be reduced to a safer operatinde.

Table 6: Performancein Scenario D

I Score Score

Performance criterion . .
profiling metering

Predictability of production and consumption 2 2
Accuracy of E Programmes (programme responsibilify 1 >
criteria)
Network stability -1 -1
RRP offered 1 1
RRP deployed (single-buyer market for RRP criteria) 1 1
Accuracy of allocation 0 1
Imbalance costs 2 2
Costs of allocation (imbalance settlement criteria) -1 -2

Table 6 presents the scores of the performanagierin Scenario D.

* Predictability is improved significantly because the suppliertaala the micro CHP units.

» Supplier control also increases theeuracy of E Programmes (through higher predictability and
flexibility of production), even though in case afocation by profiling, consumption cannot be
influenced with price signals.

* The high number of ramping-ups and ramping-downmiafo CHP units and the possibly high
reverse flows in this scenario may negatively dffemver quality and transient stability (Pecas



Lopes et al., 2006), although current and voltagéadions would probably remain limited (Pitz et
al., 2003).

The volume ofbffered RRP will increase regardless of the allocation methedause the supplier
controls the micro CHP units, while the volumedaployed RRP will decrease because of the
lower volume of imbalances.

Then, theaccuracy of allocation will increase slightly in case of allocation byofiling because of
the supplier’s control over the micro CHP unitst the increase will become significant in the
case of allocation by metering, when residentialsconption is exactly metered as well.

Because of the much smaller (number and volumeyaf)em imbalances, totahbalance costs
will decrease.

The costs of allocation in the case of allocation by metering are sintitathe other scenarios, but
these costs are also higher when allocation byilippivill be used: the 2,000,000 new production
units create a significant volume of extra metedatp that is needed in the allocation process.

Summarizing on the above, the effects of all focerarios on the performance criteria for both

allocation methods are listed in Table 7.

Table 7: Overview of performancein different scenarios

Scenario A Scenario B Scenario C Scenario D

Performance criterion

Profiling | Metering | Profiling | Metering | Profiling | Metering | Profiling | Metering
Predictability of production and
consumption -1 -1 0 0 0 -1 2 2
Accuracy of E Programmes
(programme responsibility criteria) -1 0 0 0 0 1 1 2
Network stability 0 0 0 0 0 0 -1 -1
RRP offered -1 -1 0 0 0 1 1 1
RRP deployed (single-buyer marke
for RRP criteria) 0 0 1 1 1 1 1 1
Accuracy of allocation 0 1 0 1 0 1 0 1
Imbalance costs -1 -1 1 1 1 2 2 2
Costs of allocation (imbalance 0 2 0 2 0 2 1 2
settlement criteria)

The effects of each scenario and allocation me#ttechow obtained by multiplying the scores of
the different scenarios on the criteria with thievant weights and adding up the outcomes. The
results are presented in Table 8. For reference: stim of the weights is 18 and the scores vary

between -2 and 2, so the minimum score is -36 k@adnaximum is 36.

Table 8: Results of the scenario analysis

MICROGENERATION scenarios (two million 1 kW units)

Allocation methods

Profiling Metering
Scenario A: PV cells -10 -7
Scenario B: heat-led micro CHP 4 4
Scenario C: electricity-led micro CHP 4 10
Scenario D: electricity-led micro CHP operated by shpplier 12 16

The results indicate that the operational perfomeaaf the Dutch balancing market decreases
significantly in Scenario A, improves modestly ineBario B, improves significantly when allocation

" The increase in the accuracy of allocation isvastied higher, because the current accuracy isdyrquite high: there
hardly is any microgeneration, and residential comgion is allocated effectively through the conption profiles.
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by metering is used in Scenario C, and improvest ioScenario D, especially in case of allocation

by metering. The main difference is between PV aerfario A, the output of which cannot be

controlled, and micro CHP, which is controllable tihe other scenarios. The ranking of the scenarios
is independent of the allocation method, except iaase of profiling there is no preference for

Scenario B or C. As the impact of microgenerati®rgénerally positive, the results of the analysis

suggest that the design of the Dutch balancing etaskl remain adequate. Only in the (unlikely)

scenario of PV cells as the only microgeneratia@hnelogy would the performance of the balancing
market be affected adversely. Therefore the resiiltise qualitative scenario analysis suggest tthet
large-scale introduction of (1 ky¥ micro CHP would improve the operational perforcarof the

Dutch balancing market, especially if the units idobe controlled by suppliers rather than by

households.

In addition, the following observations follow frothis analysis:

* In all scenarios except B, allocation by meteringvimles better results than allocation by
profiling. This suggests that allocation by metgrshould always be preferred. However, the
difference between allocation by profiling and edton by metering is never very large.

e Scenario D, electricity-led micro CHP units thag aperated by the electricity supplier, is the most
positive, but also the most challenging to achidveequires detailed contractual arrangements
between the consumers in whose houses the micro @titP will be placed and the supply
companies who operate them. The consumer-generatibisish to be compensated for any loss
of space and for any noise from the micro CHP waniis be assured of lower energy costs and at
least as high a reliability of energy services tesytwould otherwise have. Scenarios B and C
could be more profitable for households becausgdtential for energy savings is higher and they
would keep all the additional revenues. Which s blest option for the consumer-generator will
depend on the nature of the contract and the extemwhich the supplier respectively consumer-
generator would use the micro CHP unit to take jetthe electricity/RRP market. In Scenario B,
the largest reduction of domestic energy consumpig achieved, whereas in Scenario C,
maximization of household electricity productiomipably leads to the lowest electricity bill.

* In Scenario D, supply companies may cluster middi*Qinits into Virtual Power Plants (VPPS)
which can be used to participate in the day-ahearkeh the intraday market and in the single-
buyer market for regulating and reserve power. derfarios B and C the consumers remain in
control over the micro CHP units, while in ScenakidPV cells) a VPP does not add any value
because of the uncontrollability of generation.

* While the large-scale penetration of PV cells imd&holds is expected to have a negative effect
upon the operational performance of the balanciagket, this does not mean that it is infeasible.
However, because of the expected negative impaoh upe balancing market, a mix of
microgeneration technologies would be advisablghegositive impact of other microgeneration
technologies would offset the negative impact ofd@\east partly. In any case, there is not much
reason for concern in this respect, because thtecost of electricity from PV is considerably
higher than for the alternatives, so a PV-only acens unlikely to develop.

* For micro CHP systems, the complementary instaltatif a boiler is necessary and a heat storage
tank is desirable, especially when the units waktigipate in the electricity market. Stirling
engines and low-temperature fuel cells are, on uiwle, the most attractive micro CHP
technologies due to their good technical perforreaartd favorable heat-electricity ratio.

 The main uncertainties with respect to the effexftdarge-scale microgeneration development
upon the operational performance of the Dutch luagnmarket are:

- The costs of allocation by metering;

- The manageability of large metering data flowsasecof allocation by metering;
- The nature of the technical effects of microgerienat

- The installation and operation costs of Virtual Rowlants;

- The response of households to price signals.

5 Animproved balancing market design

The analysis indicates that the Dutch balancingketas robust with respect to further integration
of microgeneration. In the most likely scenarios,iacrease in microgeneration will not lead to a
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lower performance of the balancing market. Howewar, analysis of the design options for the
balancing market shows that there are possibilitesfine-tuning the design to a higher share of
microgeneration. This would provide opportunities bwering the costs of balancing and improving
the economics of microgeneration. Six design ogtimere found for an improved balancing market
design in case of large-scale microgeneration dpvednt:

* postponing the gate closure time for E Programmes,
* reducing the length of a PTU,

» changing the requirements for offering RRP,

» adjusting the profile methodology,

* regulating smart meters, and

» decentralized balancing control.

These six options were derived from an analysib®Dutch balancing market (the first three optjons
which are based on important balancing market degigiables), of the allocation process without
and with microgeneration (the fourth and fifth @pi, which could improve the allocation process),
and from the analysis of the effects of the micrmgation scenarios (the last option, which
fundamentally alters the balancing market in thenesadirection as power generation: towards
decentralization).

Postponing the gate closure time for E Programmédsalf an hour before the PTU of operation
can lead to a significant improvement of E Programaocuracy and therefore to the reduction of
imbalance. This change does not only shift the ldeaébr the submission of the final E Programmes,
but also that for the T Prognoses. A drawback wdaeldhe potentially larger system imbalances due
to TenneT’s later knowledge of the exact productammsumption and transmission plans of PRPs.

Reducing the length of a PTWould increase the general efficiency of the balancingketa
because imbalances could be determined and altboadee precisely, but it would require market
parties and grid operators to handle larger infoionaflows. In particular, the manageability of the
large metering data flows could become an issulecafion by metering would already increase the
data flows significantly, but when the PTU lengtiould be reduced from fifteen minutes to five
minutes, the metering data flows would be triplgéin.

With respect to changing the requirements for ofterRRP, the requirements for distributed
generators can be changed to allow more microgeoere be offered as RRP. The minimum bid
size can be decreased from 5 MW to 1 MW, so or®@ microgeneration units would need to be
bundled instead of 5,000. As only micro CHP isahli for providing RRP and this technology is
subject to heat demand constraints, the RRP rageirss for microgeneration should allow for a
limited availability and a shorter minimal runnitime. These could be specified in the RRP bids.

In the fourth option, adjusting the profile methtatyy, a generation profile would need to be
assigned to households with microgeneration unitsaddition to their consumption profiles. The
generation profiles should be specified in the MeteCode in the same way as the consumption
profiles. In addition to a Standard Yearly Consumpta Standard Yearly Generation (SYG) should
be determined for each household. Multiple tarffegories could be used for generation as welk Thi
would increase the number of generation profiled mguire multiple (split) SYGs per consumer-
generator, but probably also increases the matthkelea household consumption and production. In
case of allocation by profiling, microgenerationubbe allocated through the generation profile and
SYG. In case of allocation by metering, the prafitmuld be used for forecasting and for filling in
missing metering data.

Fifth, regulating smart meters can contribute gacland uniform rules regarding the use of smart
meters for allocating domestic production and comsiion, as well as for activities like information
exchange and the remote (dis)connection of consgemeerators. Meter readings need to be collected,
transported, and processed for every PTU in om@dlocate electricity production and consumption
precisely. This requires efficient communicatiomn amformation protocols. The entire process of data
collection, processing and allocation should tass ithan fifteen minutes, in order to keep up with
pace of the main balancing activities.
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Finally, decentralized balancing control is the mias-reaching design option and also the one
that is most difficult to implement. A decentralizeersion of the current balancing market could be
implemented at the level of distribution networkBhe DSOs would operate these balancing
mechanisms to keep total consumption and produatidheir distribution networks within the limits
of their programs, thereby reducing the need fdarmng at the TSO level. Only RRP that is
connected within a distribution network would béeoéd to the distributed RRP market. When this
distributed RRP market would be insufficient, baiag through the transmission network would be
initiated. It should be noted that in this scenamid only household-level microgeneration would be
used, but also power plants that are coupled thehnigoltage networks such as industrial CHP units
and wind turbines.

This option could provide a solution to the incee@ssystem imbalances that would be caused by
the large-scale introduction of unpredictable eleity generation units. However, this option stibul
be studied carefully before implementing it, beeauasstributed balancing control could lead to
substantially higher imbalance prices than curyebécause the local resolution of imbalances could
be strongly sub-optimal. In addition, the differemtbalance prices that would develop in different
distribution areas could distort competition. Fipakubstantial procedural compatibility problems
could arise from the existence of multiple decdizied balancing markets within the Netherlands, for
instance with the submission of E Programmes todifferent DSOs and the coordination between
DSOs.

Other design variables, such as the E Programmafispdons, the bid ladder mechanism, the
determination of imbalance prices, and the assighnmperiod for a Standard Yearly Consumption
were not found to have an influence.

While all of the above-mentioned design options faasible, they differ with respect to their
implementation requirements. Regulating smart rsetadjusting the profile methodology, and
changing the requirements for offering RRP can dr@edvithout difficulty. The gate closure time for
E Programmes should only be postponed to the etttahfTenneT would still be able to balance the
system adequately. The reduction of the length BTl is constrained by the manageability of the
resulting increase in information flows. Decentrali balancing control will require the greatest
change, because it involves a change to the basciwe of the design of the balancing market. A
substantial coordination effort between the cenb@iancing mechanism and the distributed ones
would be needed, including the requirement for PRPsend multiple E Programmes for each PTU.
This would probably increase the incidence of mgsind wrong information significantly.

Stakeholder support is important for achieving ¢fesnto the design of the balancing market.
Generating companies and consumers will probablye ha positive attitude towards the
implementation of the design options if they improthe operational performance of the Dutch
balancing market and/or lower balancing costs. gdstion of DSOs is less predictable: while certain
design options may increase the operational pedoom of distribution networks, they may also
involve more work for the DSOs. DSOs may also bectant to assume responsibility for balancing
the distribution system.

An additional consideration is the effect that thesign options have on the current centralized
balancing system. Only reducing the length of a PWauld appear to improve the operational
performance of the balancing market under currenditions, but immediate implementation could
interfere with the introduction of allocation by tegng. If smart meters are installed in all Dutch
households and are used for allocating domestiswuoption, the allocation process can be improved
by regulating the smart meters. Postponing the gagire time for E Programmes can also be useful
in a centralized system with a high share of unptalle central generation. The other three options
only make sense if the share of microgeneratioreases significantly. The question at what level of
microgeneration it is worthwhile to make specifitanges was outside the scope of this research.

Finally, the effect of the design options on theeintives for developing microgeneration is an
interesting aspect. All design options facilitate development of microgeneration, but alteratibn o
RRP requirements, regulations for smart metersdmogntralized balancing control are expected to
have the strongest effects.



Figure 1: Improved Dutch balancing market design
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Based on the above analysis, the design of thedia;market can be improved in scenarios with
a high share of microgeneration. Figure 1 summauilze options in different scenarios. At the center
are two options that are useful in any situation should therefore be implemented first: The
regulation of smart metering and adjustment ofpitdile methodology. Whether or not one or more
of the other four design options should be impla®énmainly depends on the nature of the
microgeneration portfolio that emerges, the manaitjsa of large metering data flows, and the
technical impact of large-scale microgenerationeprexion. These three factors are all uncertatheat
moment.

If PV dominates the microgeneration portfolio, pasting the gate closure time would give PRPs
more time to improve the accuracy of their E Progrees. If micro CHP dominates, changing the
requirements for providing RRP would stimulate ginevision of RRP with micro CHP units. If data
flows are manageable, the PTU length could be estliic order to improve the efficiency of the
balancing market. The nature of the technical &feé microgeneration will become known after a
realistic and extensive system study. If theseceffare negative, and the costs and the obstaxles t
decentralized balancing control can be overconig désign option should be implemented because it
would mitigate these negative effects.

Consequently, the design of the balancing markdt veied to reflect the development of the
market for microgeneration. Therefore we recommaajdsting the design of the balancing market in
steps, when the necessary information becomesablail This approach is possible because the
existing design of the balancing market is robustl avill perform reasonably well even in the
presence of a much larger share of microgeneration.

6 Conclusions

The qualitative scenario analysis suggests thatatige-scale development of microgeneration at
Dutch households has a negative effect on balanoaudet performance in case of PV cells, and a
positive effect for micro CHP units. The effectcbme more positive for micro CHP if the operating
strategy is electricity-led, and if the units apemted by the supply companies. Of course, thgeval
of these conclusions depend on the validity ofubed criteria, weights, and values. Since theraite
and values follow from literature, values are aallgfassessed and the results are not sensitive to
changes in weights, we believe that the conclusivawvalid.

Furthermore, our analysis indicates that the oleeflects of large-scale penetration of
microgeneration on the operational performancehef Dutch balancing market will probably be
manageable, so there is no urgent need for adaghindesign of the balancing market. Nevertheless,
it is beneficial (regardless of how the future ud$) to adjust the profile methodology and impletmen
‘smarter’ regulation of smart meters. In case & tbare of microgeneration develops, the following
suggestions may significantly improve the operatigmerformance of the Dutch balancing market.
When the nature of the emerging microgeneratiotfgir is known, the gate closure time should be
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postponed (in case of a high PV penetration leaed)or the requirements for RRP should be changed
(in case of a high micro CHP level). The lengthaoPTU should be reduced if the resulting large
metering data flows can be managed. Finally, iftdehnical effects of large-scale microgeneration
penetration turn out to be adverse, decentralizddnising control may provide a solution, if the
associated costs and difficulties are outweighed.

Because a number of these factors are currentlgawmk but reveal themselves over time, and the
current balancing market design appears to perfateguately in a decentralizing electricity system,
we recommend to implement these changes in phdsdes. provides the opportunity to base
implementation decisions on a larger volume of rimfation that can be gathered from field studies
and analyses, discussions between the relevantsaictothe Dutch electricity system, and upon
emerging changes in the electricity system ancegysinvironment.

The scenario analysis revealed the particular cdibeness of electricity-led micro CHP and the
use of allocation by metering. Early adjustmenthef requirements for RRP could function as a driver
for the development of micro CHP. Furthermore, $smaatering regulations (standards and detailed
agreements about the smart metering technologyuwrudionalities to be used and about the nature of
information exchange) are very important, consitethe potential value of allocation by metering.
In view of the large variety of options for the dgsof the Dutch balancing market that are avadabl
for anticipating microgeneration development, calrebnsideration of the options by the collectife o
grid operators, market parties and other stakeh®idgecommendable.

Finally, further research should address the faligwssues: The nature of the technical effects of
microgeneration development, the operational perémice of the current Dutch balancing market, the
guantitative effects of the microgeneration scarzann the operational performance of the Dutch
balancing market, scenarios that combine PV andor@HP in either the same households or in
different households, the costs of allocation byangeof smart metering, the manageability of large
metering data flows, the costs and usefulness xfiai Power Plants, the response of households to
price signals, possibilities for supplier contrélnasicro CHP, and possibilities for domestic elegityi
storage. A performance study of a first large grotipouseholds with a microgeneration unit and a
smart metering facility would be a useful way tedatigate many of these subjects.
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