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ABSTRACT

With the supply mix evolving to incorporate maued
more uncontrollablerenewablesnergy sources there is a
need for more storagand demand response solutions.
Aggregated demand response flexibility has been
investigated in the past years ase of thepotential
solution this problem This paper will investigatehe
potential impact on risks and gains for stakeholders using
aggreaated residential flexibility for smart grid services.

INTRODUCTION

With the ising share of renewables in the energy mix,
there is a need for alternative flexible capacity. The
emerging role of the aggregator is important in unleashing
new flexibility sources. An aggregator bundles flexibility
capabilities of distributed generatiand demand response
and offers the collective resources to the wholesale
electricity markets. This technical aggregation is referred
to as a Virtual Power Plant (VPPhis bundles flexibility

can be offered forboth ancillary services such as
congestbhn management, frequency regulation and reserves
as well asactive market operationSpecifically, the day
ahead, intraday and imbalance markets. Howenben
utilizing the same resource foa number of services
conflicts can occur. For example, usiag/PP flexibility
ramp downto aid in a substation congestion but the
deflection would result in raimbalance for market
operations.

Further for a viable beneficial business case, the
characteristics such as limitations of aggregated
flexibility operating on multiple markets must be known as
providing flexibility to the balancing market at one time
may ruin the ability to maintain deghead obligations later
on. Thesimulationdescribed in this papéwestigates the
potential img@ct of deviating from aggregator supplier
coordinationscheme forDistributed System Operator
(DSO) reserves and the necessity to create boundary
conditions to reserve flexibility-urther, itdescribes a risk
assessmeutf the aggregation business case when offering
flexibility for both spot and imbalance market operations

BACKGROUND

Previous research has looked at scheduling of aggregated

flexibility of VPPs for multiple markets, mainly the day
ahead and balancing matkeThere are however more
stakeholders involved end customer and network

Paper No 0266

Bob RAN
TNOT Netherlands

Bob.Ran@tno.nl

Koen KOK
DTU - Denmark
KoenKok@elektro.dtu.dk

operator It is alsodifficult to predict the amount of
shiftable energys well as the effect of this response on
stakeholder investment suchudgity day aheagblanning

or network constraint3 here have been field experiments
which investigateVPP residential flexibility whemany
stakeholders are involved. An example of this is
PowerMatching City, a field experiment ifThe
Netherlands invaling nearly 40 real households. Here, the
aggregated flexibility is utilized to satisfy the needs of
multiple stakeholders. The end user, by loweringsaosd
increasing utilization of locally generated povtee DSO

by aiding by lowing peaks to aid inlsstation constraints
and finally the commercial aggregator for day ahead and
imbalance market optimization. For more information
please see [1].

Additionally fast response services for ancillagrvices

suchas frequency regulatidmvealso been investigated

[2] andcan be valuabléor emergency and critical grid
incidents However,impactand risks of responding for

one stakeholder interest over another is an important
aspect to be addressed before aggregator services can have
wider smart grid applicationsih o day 6 s. Thigt wor
needs to be done on both an economic as well as network
capability standpoint.

OBJECTIVES

The aim of this work is to firstly, investigate timepact of
offering aggregatediexibility, with and without an
assigned threshaldor DSO reserve power on day ahead
market schedule obligation3he economic costs and
gains will be evaluated when varying thek for
imbalance trade by increasittgdabldlexibility threshold
and comparevhen offering services to both day ahead,
spot, and imbalance market operations. This witldree

by offering different percentagelevels of available
flexibility for imbalance market services and ealng
the impact both economically as well as energy volume.

SIMULATION SETUP

A simulation of 1000 individual households was created.
Each home had its own individugénerated bas@on
flexible electricityprofile aswell asindividual heatand

tap water demangbrofiles. These profiles were created
using TNOOG s epattern generatora validated
software too[3], that produces high resolution electricity
and heat demand (iles for five different household
types. Each household was equipped with a flexibly
controlled heating device, 800 heat pumps and 200 micro
CHPs, each of which was attach® a 110 liter spaced
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heating buffer and 90 liter tap water buffer. These were
configured and chosen to mimic the installations in the
Hoogkerk PowerMatchin@ity setup Additionally, based

the penetration of white good devices wersdshona
Dutch survey [4] and can be seen in table 1 below.

Table 1: Device Eenetration in cluster

Refrigerator 100%
Freezer 79%
Washing machine 100%
Tumble dryer 59%
Dish washer 47%

Further as inPowerMatching city, every household was
equipped with a small photovoltaic (PV) panel. For this,
real PV measurements the Netherlands were utilized
and scaled to match that of 1000 households (~1240 kW
nominal electric power)inally the anount of offshore
and onshore wind in the simulations are based on the
WLO-SE (Welfare and Living Environment) scenarios on
energy supply and demand with a time horizon up to 2040
[5]. The total envisioned electricity demand in WASE
2040 is 582 PJ, thetial household demand is 13Q Phe
industry demand and supply have been removed from this
scenario for simplicity. Therefore, the renewable energy
must be scaled down by approximately 0.22 (130/582) to
account for lack of industry in the simulatiombis results

in 52 kW off shore and 262 kW onshore wind capacity per
1000 households.

The flexible devices are equippedth two controllers: a
business as usual traditional controller which controls

devices to meet end user comfort requirements as quickly gyajyation is taken from the aggregat s 6

as possible without exterior incentives such as price. The
second is @owerMatcher controllewhich uses prices
incentives to coordination the devices flexibly within the
comfort boundaries. The PowerMatchg6] is a
decentralizeccoordination mechanism which integrates
demand and supply flexibility in the operation of the
electridty systemIn this way thdlexibility is aggregated
andcanbe steered to follow an expected profile within the
available flexibility ofthe cluster.

For the first part, four simulation runs of approximately 2
weeks each are to be run.

1.1. Business as usualo smart control on devices and
thereforethey runin traditional mode to learn a suitable
day ahead profile of the clustdfrom the aggregated
flexibility bids, ther e al t i me
d o wn 4o &dpabilitiey can be observed and an
approximation of initial boundaries can be made to ensure
cluster can still maintain utility profile when offering DSO
services.

1.2 Smart Control and offer flexibility whenever DSO

bourdary conditions to offered DSO flexibility and only
offer reserve power when flexibility is between than these
boundaries.

For simplicity to define a time when reserve power is
required, for this virtual power plant, it is assumed that an
imbalance oreserve power is required to be purchased
when the cluster is above 600kW (the average power of
the VPP over thaimulationperiod). The cluster is not
expected to lower its consumption always to 600kW but to
its maximum ramp down flexibility capabilitiest that
time.

For the second patwo types of simulations were run.

2.1. Smart control, day ahead schedule only: Using day
aheadprices as incentives, the clustersieered by the
PowerMatcher, the clusteresponds accordinglyThe
responding aggreted active power behavior profile is
then averaged to a 15 minute resolution to create an
optimal day ahead schedule for this price profile.

2.2. Smart ontrol and offepercentage dfiexibility for
imbalance servicesThe cluster is steered using tihay
ahead profile generated from the day ahead APX price and
offering variable percentages of available flexibility for
imbalance services. Ten simulations are run offering
flexibility at incrementally higher percentages between 0
and 100%of realtime flexibility to the imbalance market.
The cluster will not offer for imbalance services if the
current day ahead scheduled power or future, 30 minutes
ahead, profile cannot be met with current flexibility.

RESULTS

situated in the market of the Netherlands: balancing
volumes and prices from the Dutch TSO were used.
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As was stated, to begin the day ahead schedule of the VPP
was generated from the total allocation when running in
traditional, business as usuaimulation 1.1) and then
removing the majorpeaks. This this was done by

requests ignoring the impact on the day ahead schedule averaging the allocation oveb Iminutes. In figure 1 the

and degradation of available flexibility.
1.3 Smart Control and assign fixed upper and lower
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green band represents tthexibility of the clusterwhen
only following the day
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Bounded Flexibility

it was seen that on avgethe cluster could ramp up by
~2%% ordown by ~45% from its current allocation.

Cluster flexibility
——— Allocation 1
Request

Part1 2000

To first investigate the impact of exploiting a VPP for
reserve power without protecting the assaéth an
emergency boundarthe cluster willoffer reserve power
during all moments it has capacity to do(siin 1.3). As
was explained the DSO will request the cluster ramp down
when the total allocation is above 600kW. From this the -500
clusterwill either ramp down to 600kW or to at least the -1000 ‘ : ‘ - ‘

.. . . o} 0.5 1 15 2 25 3
minimum value possible abovhis thresholdo offeras Time (days)
reserve power to DSO reducing additional reserve power Figure 3: Case B, tuster flexibility as result of
which would need to be purchased to meet this demand. restricted offer of reserve power.
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Figure 2 depictsthe effect of blindly offering reserve

services and completely neglectitige futureimpact of
utilizing all flexibility. Hereit can be seen that almost all
of the cluster ramp up and down flexibjilare directly
used when new flexibility arises, leaving no ability to of
resume back to schedule nor to have reserve for other 0l
emergency situations. For example, in first day almost all

e . ! -1000 : - : :
flexibility is consumed in the first quarter of dait late 0 05 T 15 2 25
mid-day there is a large imbalance generated both for _. =, oo I/'Z‘;s(‘ﬁés) unbounded  cluster
consumption and then supply on the VPP which is "g ’ '
repeated on the second day. This is due to -noumst aflocation
situation for multiple appliances.
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In figure 4theclusterallocaton from sim 12 (line 2)and
Further it wasseen that large imbalances and deviations 1.3 (line 3) compared to the day ahead schedlihe 1)
from the utility day ahead schedule are created. Larger can be seen.For the bounded casthe cluster is not
demand peaks as well as surplus times which are far always in favor of offering reserve power for the DSO but
greater than utility are generated. This impact could cause when flexibility is minimalit tries to stay to day ahead
greater imbalance and grid stability issues as well as a schedule of utility. While there are still e peaks
larger cost for supplier ocommercial aggregatoihe generated however they are almost negligible compared to
cluster was then (sim 1.3) assigned safety upper and lower that of the unbounded case. This could be eliminated by
boundaries to preserve flexibility to determine if the usingforecasting theamp longevityand monitoringotal
cluster can offer reserve power and still maintain its utility flexibility energy capacity over a day. Foet, in figureb
schedule on other moments without generating faogmit it can be seen that there is still quite some flexibility buffer
imbalances. available for otheunforeseemlisturbances.
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Part 2 CONCLUSIONS
Part 1 shows that a reduced risk strategy for the allocation Large amount of flexibility, ~25% ramping up aréd5%
of flexibility can be beneficial for overall imbalance ramping down capabilities from originally planned

reduction.In the second part of the study, different risk allocation, is available with a response time is adequate
strategies for trading flexibility on balancing markets have for offering reserve power services to DSBowevera

been analyseth order to find a financial optimunThis balance between offering fornetwork stability and

was done by comparing subcases having different risk maintaining economic advantage to cost generated from
levels. An optimum between imbalance absorbed and day ahead forecast must be considered. Forecasting of
generated by deviation of the day ahead schedule was flexibility response, longevity, impact on future profile as
found in this analysis (Figure).5lt can be seethat up well as monitoing and adaptive learning of boundary
until 70% flexibility is offered, ther isa gainof absorbed conditions necessary to effectively offer aggregated
versus generated imbalancpower. After which the demand response as reserve power.

imbalanced generated surpass those absorbed. However
themost positivegainfor network stability impact is seen

when only 30% flexibility is offered for imbalance di " K nimizing imbal
services.Using the day aheadPX marketprices it is trading o multi marketsHowever minimizing imbalance

determined foc o s21829dor the week evaluated. An volume does not necessarily lead to the highest financial
overview of the imbalance cost and revenue for each risk Profit and thus there is a need to find balance between

percentage deviation can be seen in the table below reserving aggregated storage for internal future imbalances
' and economic benefit. Finally, bdieof multi-goal
6

optimization is dependent on flexibility characteristics,
such as degradation time, scheduled day ahead spot market
profile as well as dynamics of market prices to find a
market optimum for all goals intended:lexibility
characteristics, such as longevity and capacity estimations

1 can leadto a moreoptimum utilization of flexibility
el

Further, anethod described in this paper proves that it can
find an optimum risk strategy for flexibility aggregators
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