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Abstract—Electricity networks require a balance between
supply & demand of power in order to maintain stablity and

to provide a good power quality. The growth of renaable

energy sources makes obtaining balance more diffittu

because of their intermittent power profiles. Finarial

incentives for producing ‘green electricity’ locally also increase
complexity due to the larger geographical distribuion of

electricity generation. Not surprisingly, more soplsticated

(distributed) control mechanisms for balance in (srart)

electricity grids are being proposed. Some of thesgroposals
attempt to solve the problem of balance by managingemand,

and thus introduce the concept of sharing control fodevices
connected to the grid. However, sharing control cdd

introduce imbalances in ‘societal’ power between g@rnments,

companies and consumers. We propose that all parte
involved should consciously decide on what amounf gontrol

they want to share. We provide a framework for comprison of

control sharing mechanisms.

Keywords-Smart grid; control sharing; privacy.

. INTRODUCTION: WHERE DOES IT SAY SHARING IN
‘GRID CONTROL?

The concept of ‘control of an electricity grid’ cdmave
different meanings. In this paper, we mean contwih
respect to obtaining balance between supply andcadérof
power in electricity grids. In an electricity gridt is
quintessential that the total consumption of powvier
continuously equal to the total production of powethis is
not the case, the quality of the provided powel @éigrade.
In classic grids (as opposed to future ‘smart’ gjiccontrol
mechanisms are already put into place in orderetd dith

the variation in demand by power consumers. When As a society, we should decide how much we wargrsth
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flow is changing from one way to two way. In thesdic
grid, there are a few ‘centralized’ large powernggaand
many distributed users. In future grids, there mlgg many
distributed small power plants: home-owners witlwiad
mill, solar panels, geothermal installations, ¢tat have a
surplus in electricity production. This does notyoreduce
the accuracy of prediction the production of powesince it
is now closely related to the weather—, but algoatcuracy
of the prediction of power transported across the, gince
locally generated electricity is consumed ‘firséfore more
power is demanded from the grid. Another reason mbye
intelligence in the energy grid is needed, is that rise of
the usage of Plug-in (Hybrid) Electrical Vehicldd)EV)
seems to become a real challenge [12]. It is nidkeln that
PHEVs will be plugged into the grid at almost tlheng time
(when people come home from work). This will create
huge demand for power in a relatively short timesgibly
resulting in a grid overload. The grid was not disiened
with all this in mind. With the current grid it ses likely
new control mechanisms have to be put in place.

Currently, ‘Demand Response’ (DR) of
connected to the grid is being used in severalareke
projects as a new means of control [13]. Dependimghe
amount of power that is consumed by devices, it roake
sense to switch devices on and off in order tarattalance
in the grid. Since DR almost always requires sordgbar
something else than the owner of the device
(automatically) switch on or switch off the deviagvice
owners are no longer fully in control. For exampien DR
is applied at charging PHEVSs, the charging proaesy
have to wait for a signal ‘from the electricity werk’ that
tells the car to start charging.

consumers demand more power from the grid, powef, pe in control of the grid-connected devices wan.oFor

producing parties connected to the grid have teigeomore
power as a whole (group). In the future, more wii#
demanded from control mechanisms [11]. They havbeto
able to deal with the increase of more distributatti
renewable power sources with variable output (wswar,
wave, etc.).A solar cell or wind turbine cannotgmvered
down without wasting valuable energy. Also, windbines
can not be immediately shut down by turning themnayaw
from the wind. Another problem is the fact that fhewer
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example, do we want to control our own devicesunawn

devices

to

home, as we do now, or do we want having our device

controlled by some ‘entity’ in the electricity grid order to
have balance in the electricity grid? To make thésision
we need a framework for comparison, which we previd
the remaining sections of this paper.

In the next section, related research on this teglicbe
given. We will see that much research is done, Wewe
almost no research is done in comparing differenit®ns
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with each other. After that, our problem descriptie given,
followed by our contribution and methodology. SaTtV

different agents that carry out separate tasks aittertain
level of autonomy, in order to achieve a goal dtigher

describes our framework, which can be used to cempalevel. There is no single control entity which igedtly
different demand response mechanisms. After thag, t carrying out all control tasks, but control tasks distributed

consequences of choices in the framework are erqain

across nodes. In this paper, however, we want ¢asf@n

Section VI. As an example of the application of ourgharing control between stakeholders. Grid stgbiind

framework to a real situation, Section VII compaines real
systems with each other, and mentions their difiegs. In
Section VIII we will draw our conclusions, and filya in
Section IX, the future work will be described.

Il.  RELATED RESEARCH

The main goal of our research was to be able tgpeoen
control mechanisms for the management of supply
demand in smart grids. The comparison should bfulufe
different stakeholders in society. We want therbeamble to
decide on the application of these control mecmagidased
on the consequences for their societal position.dfdenot
find research (yet) on that specific subject.

With respect to recent research on control mechanis
themselves we did find different approaches. Fafstall
there is research with a focus on the control & ¢id
itself. In their description of a High Assurance &tmGrid

optimization is largely within the realm of a netko
operator. We also want to be able to take into @acparties
that the grid for ‘energy logistics’ and which (méyave to
share control. There is also research carriedrothis area.
For example, an architecture for distributed cdrifqower
consuming and producing devices which are attathabe
grid, is described by Tariq et al. [4]. They stétat ‘the
dvent of renewable generation technologies hasltexin
increased complexity, requiring more powerful EMS
applications. Regulatory changes in market struesur
frequently require modifications to these applioat.
EMS meaning ‘Energy Management Systems’. Next to
stating this requirement, theydéscribe the elements
required for implementation of a “Prosumer” based
distributed control architecture for smart gfid In their
description the authors describe four layers oftrebnthat
have no knowledge about the workings of the othgers
and which only interact on the basis of interfabeswveen

(HASG) model Overman & Sackman put emphasis on thée layers:

issue of admission control [1]. They describe a $r@aid

with ‘a control system architecture characterized by a°

distributed architecture that is designed to mitgagainst
widespread failures when control
themselves are compromisellore on this can be found a
later paper from Overman et al., where ‘a Threg-Madel
for Smart Grid Control Systems’ is described [3ey note

that while ‘energy flow is now more interconnected and les$

hierarchical, the energy control system architeetuis still

largely hierarchical”. Furthermore, they elaborate on a

distributed control signaling architectursuth that some
level of device collaboration can be done even wthene
are losses of control capability from the still daamt
hierarchical control system architecture. This is kay
feature required for a self-healing grid.We suspect that
this will be an important aspect of future intediig
networks: distributed control, where no single tgntias
total control over the entire network. Not only baese of
the ability to deal with attacks on the network {ethis an
important aspect in the ‘three-part model’), bsoabecause
of the fact that one or a few central entities ecarrandle all
the dynamics of supply & demand with energy soureitis
an intermittent profile.

Another example of what we think is innovative t#ing
in control of energy grids themselves, is describimd
Belkacemi et al. [6]. They use the concept of thamidn
Immune System (HIS) in order tpérform self-healing and
control of the grid by automatic fault location arslation,
reconfiguration and restoratioh They see the HIS as a

system components

Device Layer,concerned with the physical connectivity
of electric components.

Local Control Layer, concerned with the control
mechanisms of the devices. Examples named are the
LTC control of a transformer and the battery chaafe

an electric vehicle.

System Control Layer. According to the authors
Energy Management Systems (EMS) and Distribution
Management Systems (DMS) applications are examples
of systems control layer for Independent System
Operator (ISO) and electric utilities. Also the s

see ‘corresponding’ system control layers at thellef
microgrids, buildings, homes, etc.

Market Layer. Decision control processes at the level
of available resources, where economic objectives a
taken into account. This layer generates contribre

for the system control layer or price signal foe th
external world, based on information from the syste
control layer, where market strategies are takea in
account.

We state that the concept of ‘layering’ allows far
necessary separation of concerns, which enabldés deal
with the complexity of future smart grids. Anothmodel for
control with separation of concerns is described by
Molderink et al. [7]. They present ahtee-step control
methodology....focused on domestic energy strearhey
refer to an important issue of sharing control frdomestic
environments: the comfort of residents. Different
stakeholders in a smart grid have different goald/a

Multi-Agent System (MAS), which consists of many desires. While network operators might target atesm
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stability, domestic users may ‘just’ want to haveeit IV. OUR CONTRIBUTION & METHODOLOGY
devices consume energy in order to provide comfgrthe At TNO we are involved at different research pragec

é%n;e time a gogernment f“'ght want to targ?ft_ gtgegu ranging from technical pilots, simulation studiem®omic
emissions by increasing energy (use) efficiedys o\ aation of multi-stakeholder analysis, legiskatiview.

req.uir.es a combi_nation of local and (_more) glo.balwe carry out this research on behalf of differamgtomers.
optimization. In their paper the authors providee¢hsteps: What we describe in this paper is derived from the

I_I(_)cal thpred;:]tlon, ?Ioba:c plannmg_t an? Ioclal tS'ChGV\l[glh I experience we have had in these projects. The detnagion
ot%e er’fh' kes_(t-:- Steps _cl))rlm tone 'eg?‘ |on(.j_ﬁn rum’ et case “PowerMatcher” is a technology which we use in
authors think it is possible to combine differematy at (o cral other projects.

different levels of control. Our contribution in this paper is a framework for
comparison, which contains a structured overviewthef
degrees of freedom for sharing control of deviaasnected
to the grid. Also it contains a list of consequencaused by
choices made with respect a certain degree of dreeVe
arrived at this model by analyzing different (palitiSmart
Grid designs from the viewpoint of sharing contnahile

From a quantitative point of view one might statatt
controlling devices in a domestic environment wilit be a
real issue for the future since what amount of poean
actually be shifted in time in homes? While thisuisissue of
debate (it also depends on the amount of elegtiin of

heating and cooling equipment in homes), there e o (. sing on consequences of design decisions. rebisited
development which certainly cannot be marginalif&a]. in the framework title ‘Degrees Of Freedom In Shari

This is described by Erol-Kantarci et al. They estdtat the , ; ;

charging load of Plug-in Hyblrid Electric VehicleBHEV) rc;c;re]ztrrr?llle(gtohgliggr(];g::hsvmvgr:og);il?r?d(:fisn(i;rzé Ihhels[gsgg
can cause several problems if left unmanaged. ap they 40| \which was focused on ‘information sharirig: [
discuss an adf“'ss'o.” control system [8]. If evedybmth a Liké the DOFIS-4SG, the basic structure of the rhigle
PHEV plugs in their PHEV after work, the grid has t , oot of axes. Each axis is a ‘degree of freedond a
transport a IOt. of power at t.he_sam.e time. Curgents have represents an aspecbntrolling a device or a group of
not been designed with this in mind. A (probabbstty)  yeyiceqf another owner. This means not all aspects oftsma

solution would be increasing the capacity of thid,gnother grid control are included. When control is withineodomain

solution is to carry out some kind of ‘congestion st one gwner (e.g. network operator), there is Vit
management’ where PHEVs are charged ‘on-a-turrsbasi sharing going on, so these aspects are not takitg i

This means sharing control, since the person wgrthie ... nt The aspects of sharing control we didudtelare
PHEV getting charged IS propably not the pnly oeeiding related to differences in owner or user of a decmenected
on the time of charging if a congestion managemenf, ihe grid. Just as with the DOFIS-4SG model Hasis for

rgﬁg:?msrq 'S.dplgl Into hplallce’. Mor% O? thedlmportam of the included aspects was found in literature onrS@&ads
s or ‘gridable vehicles’ can be found in a papem 4" experience with control architectures imeot

Venayagamoorthy, who talks about the complexitgglber- domains (i.e. telecommunications). We distilled gneatest
Physical Energy System (CPES) [5]. He does not By .40 denominators and make additions where therg w

gnda_\ble vehicles as a consumer of power, bubais a necessary in order to provide for making compasgsa@md,
possible producer. This adds an extra dimensiaootrol to once again, just as with DOFIS-4SG, this meant weatlid
gndgble vehicles, since this means wo-way flowpotver, not matherﬁatically derive these asr’Jects, but choigt a
making the control problem more complex. selection process based on the criteria 1) ‘relet@nontrol
. PROBLEM DESCRIPTION ‘deVICGS at,tached to the grid’ _and 2) the axes being
o ) ) orthogonal’. For more information on the concept o
As stated at the beginning of Section Il the maml®f  orthogonal axis see [1We arrived at a list of possible
our research was to be able to compare (distriputedtrol  consequences in a similar fashi@urrently, we suspect that
mechanisms for supply & demand management, based e axes, their subdivisions and the list of conseges can
consequences for soqeta! power. Our problem theteme  pe ysed to assess and compare aspects sharingl aafntr
answering the question ‘what is an efficient an@fuls gevices connected to the grid. Providing proof fois
means of comparison — to be used by different btllers - snould be included in further research, just agai the case

with respect to sharing control of devices conriedethe \yith DOFIS-4SG, which is being evaluated at the raotn
grid, when focusing on consequences for societabp®

Answering this question required a structured oesvv V. FRAMEWORK DESCRIPTION
of what we call the ‘solution space’: what kindwafriations
in Demand Response Management can be distinguigitied
respect to consequences for sharing control of cdevi
connected to the grid and thus for societal powerthat we
needed a overview of what the consequences wotldlbc
be when choosing for a specific model of sharingfrad.

In this section, we present our framework, which ba
used to classify and compare demand response nraeage
systems in smart grids. Our framework consists @fx8s
which are orthogonal to each other. An design @hoit one
axis does not influence an design choice on anciiés.
Before presenting the axes, we want to make andtiin
with respect to different types of control of a dev We
base this distinction on the three ‘modes of cdhtod
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devices by Overman et al. [3]. With respect to desi predictive window of 1 hour, it does not know thiatning

attached(i.e. notin) to the grid we see three types of control: the washing machine on in 15 minutes, will causeeavy

load in 2 hours, when the electric car starts logdi

1. manual control, A light that is switched on or off by However, if a controlling entity has a predictivéndow of
home owners operating a switch. Another exampke is three hours, it can foresee that starting the wasimachine
electricity generator running on diesel. This type in 15 minutes, will cause a heavy load in 2 houkad
control is difficult to share between parties whiate therefore, the controlling entity could make anottecision.
not located at the location of the device.

2. automatic control, A light that is switched on by
movement (e.g. infra-red sensor). Another exampde a
solar panels that produce electricity once the msun
shining. This type of control is difficult to share
between the owner of and others, because the tontr

Electric car

= Washing machine

depending on the solar intensity.

3. remote control. A washing machine that is switched on NQX”IW”UM Next hour
by a control device outside the washing machinkis T

type of control can be shared, especially becatifieeo
fact that it is ‘remote’.

Our focus in the framework is on remote contrdijch
can be carried out from any location. Also, we usténd
sharing control to be the sharing of control betwdiferent
persons and/or organizations. A network operatat tises
distributed control mechanisms using multi-agenttesys
for ‘network stability’ does not automatically ‘siga control

Next ]houra Next 3 hours Mesxt 4 hours

Figure 2. Distance in time

B. Level of indirection

The level of indirection determines the amount of
freedom in control left after a control decisiors teeen made
by a controlling party. An extreme example is ‘direand
total control’, where the controlling party dirgcttontrols a
device connected to grid.

There is a fundamental difference between direntrob

with consumers. Only when the network operator $tane
(indirect) influence with respect to the control péwer
consuming devices, we consider this to be shadngal.

and indirect control. In case of direct controle thser is
subjected to the control of the controlling padpd in case
of indirect control, the controlling party givegelitions with
respect to power consumption. This can be in teofns
constraints, within which is some freedom left toe t
consuming party to control devices connected td. gkiso a
set point can be given as a direction, where tmsuming
party has to consume the specified amount of poivike.
controlling party does not specify which deviceséh¢éo be
switched on or off. An example of direct controt is
washing machine (2000 Watt) is turned on at 16ab@, the
electric car (3000 Watt) will be loaded at 18:00hil% an
indirect example could be: the user will not beeald
consume more than 3500 Watts. In both ways, thk joea
is avoided, however in the indirect version, therusan
chose to the order of the washing machine and Idwrie
car. While in the direct version, the consumer fashoice.
In any design of a smart grid, a decision has tariaele
about which stakeholders is in charge of makingctvhi
- . (in)direct control decisions. Note that differetakeholders
A. Predictive window can provide different constraints to each other.&@mple,
The predictive window is a time horizon of a cotiing  a supplier of power can set a maximum for the amodn
party. A controlling party has to make decisionsd an power and a network operator can set a maximunthier
communicate them with others parties involved. tters  amount of power which can be transported. In Fi@yrthis
how far in advance the controlling party has to endls  concept is shown graphically. Three examples ofiptes
decisions. Some supply & demand designs prescribe solutions are shown:
predictive window of 15 minutes, while others midiave
predictive windows of a day or even more. .

Predictive window

Level of indirection

Level of
participation

Figure 1. The three degrees of freedom

Red line: a supplier provides no constraints. The
network operator is giving only high level
constraints. And the direct control is given at
device level.

An important question with respect to the predetivindow
is how far in advance does the controlling entigea to
plan? For example, in Figure 2, if the controllegity has a
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» Blue line: a supplier is providing no constraints,
is providing some level of indirection. The level of indirection iaut the

the network operator

Note that a high level of participation differsinca high

constraints, the home environment providesdecision itself (it is a property of the decisionhile the
more restrictive constraints, and finally, the level of participation is about the process of gieci making.

direct control decisions are made at device level.

In Figure 4, a graphical overview of the possibdgrtes

« Black line: the supplier is providing some Of participation is provided. One extreme is noluefce
constraints, and the network operator takedrom owners/users of devices connected to grid, dued

direct control decisions.

Supplier
Network
operator
Home
Device I
S S
£ 5855 5
S L a0 3
S HL &
< b'sb Q
Figure 3. Level of indirection
C. Level of participation in control decisions

The level of participation is an important parttbé control
space. In different smart grid architectures, tlaeeedifferent
levels of participation of owners of devices coriaddo the
grid in control decisions. It is theoretically pids that the
owner has no say in the control decision at alt. &s@mple,
in the current energy network, in the Netherlamdspne is

allowed to consume a peak load of more then 16 ammps

one group of devices (each house can have severgigof
devices). This control decision is based on theagtfucture
(the infrastructure supports no more than 16 amgs)l, a
consumer has no say in this decision (unless hélling to
pay for a special connection to the energy netwadkkpther
extreme is a smart grid, in which all consumersliphtihere
preferences, and a distributed algorithm makes riralo
decision, satisfying as much as possible parti¢gpan

Other party influence

Figure 4. Level of participation
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other extreme is almost no influence from another
controlling party with whom control could be shared

D. Applying the framework

To apply the framework, an inventory of all control
decisions - made in a particular smart grid desigas to be
made. Important for this phase is to recognize tihete can
be many different kind of decisions with respect the
control of power in one and the same design, so the
framework may have to be applied many times in otde
compare different designs. For example, one camgiimaa
design where parties make (indirect) control deoisi a
power supplier who makes a control decision abdwet t
minimal load which is to be delivered, a networlegior
who makes control decisions about the maximal lead, a
consumer who makes the direct decision to turn evice
like a washing machine. In this case, at leastethypes of
control decisions are made here.

To make things worse, a smart grid can have diftere
ways to treat different devices. For example, tadlan
electric vehicle demand response management caisdik
while for switching a lamp on and off, no demandpanse
management is used. As a result, the frameworkmaay to
be applied multiple times to one architecture.

VI. CHOICES HAVE CONSEQUENCES

Choosing a position on the axis in the framework ha
consequences. In this section, we discuss conseggi¢mat
relate to societal aspects of Smart Grids. We doctam
that this list is exhaustive.

A. Consequences for balance of societal power

The choices, which are made on one of the axeaof o
framework, have consequences. One of those conseegie
is the impact on the balance of what we call ‘sati@ower.
With that we mean the power to determine the behawof
other people and/or organizations. In the curreetgy grid,
that kind of power is distributed. Each consumes tze
right to turn his own devices on and of, and thergn
suppliers take care of the energy balance on thé>eenand
response management will affect this balance. Am sas
control of the end used devices is shared withriggvork
operators, the network operates will have more esali
power in the energy grid, and the end user willehi@gs. We
do not put any direct qualification to a shift hretbalance of
societal power. We do want to state that a disteithbalance
of societal power is a natural barrier to misus@aiver. In
Table I, an overview is made of the impact thedtages of
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the frame work have on the balance of controlhla Table,
it is shown how changing the position on one & #xes
will have consequences.

TABLE 1. CONSEQUENCES FOR THE BALANCE OF SOCIETAL POWER

Degree of freedom Impact on balance of control

The size of the predictive window has
small impact on the balance of control. |It
determines how long in advance the
controlling party has to make its decisions.
The level of indirection has more impact on

the balance of power. The more energy
consuming and producing devices are
directly controlled by one party, the mote

direct control this party has on the entire

smart grid, and thus the people connected to
it.

With a low level of participation, the
controlling party has a high level of contrg
while a high level of participation wil
result in a lower level of control.

a

Predictive window

d

Level of indirection

N

Level of participation

B. Consequences for network stability and
optimization

In general increasing the degrees of freedom mamde
result in less network stability, or at least mditiculty in
obtaining it. When more demands and wishes havbeto
taken into account, more sophisticated decision® ha be
made. Whether or not this will be the case dep@mdthe
interaction of the actual control mechanism and gbever
consuming and producing behaviour of the different
stakeholders. In this paper, we cannot provide rdaer
with a general ‘rule-of-thumb’ in this area. We ctate that
if network operators have no control at all and rgype
suppliers and consumers do share control with otsie
balance in supply & demand, a situation could oacere
there is balance in supply & demand from an enpajgt of
view, but which cannot be implemented physicallye do
network constraints. Also, by sharing control watimetwork
operator, it could carry out more network usagenaiphtion
and thus minimize the transmission costs. In argeca
decision on whether or not to share control withework
operator influences the possible usage of Demarspdrise
to optimize network usage.

TABLE 1. CONSEQUENCES FOR THE NETWORK STABILITY AND

OPTIMIZATION

Degree of freedom Impact on stability and optimizabn.

In a larger predictive window there a
more possibilities for an optimizatio
algorithm to find a optimal solution. Fg
example, with a distance in time of 1 ho
it will not be possible to find a solutio
which involves a decision about anoth
devices which has to be turned on in
hours. So, depending on the used algorit
for control, a large predictive window cou
result in a more stable and more optimiz
network.

The impact of the level of indirection on th
grid depends highly on the optimization a

e
n
r
r
h
er
3
hm
d
ed

Predictive window

e
nd

Level of indirection
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Degree of freedom Impact on stability and optimizabn.

stabilization algorithms which are usel
Some algorithms need a higher level
direction for a more stable and optim
network.

The higher the level op participation, tl
less influence of the optimizatio
algorithms is used. Therefore, a higher le
of participation will probably result in a les
optimized and less stable network.

Level of participation

C. Consequences for privacy

The privacy discussion often focuses on the infdiona
which is gathered about the people. However, nbt tre
information which is gathered about them influentes
privacy. Also the amount of self-control influengagvacy.
In an extreme example: when all electricity is offt after
22:00, most people will be forced to go to bedyealls a
result, people have less control about their owe, land are
forced to apply to the rules given by the smartl.gfihe
different axes in the framework have different irigaon
privacy. In Table 11l those impacts are explained.

TABLE Il CONSEQUENCES FOR PRIVACY

Degree of freedom Impact on privacy

A large predictive window forces
consumer to make decisions about
energy consumption early. For examp
when the decision to use no energy af
22:00 is made at 18:00, a consumer can
change his mind at 21:00.

The higher the level of indirection, the mo
choice the consumer has, so the lower
impact on privacy. For example, when t
only control is that the consumer may n
consume more than 3000 Watts, t
consumer can decide for himself how
uses the 3000 Watts. However, when the
grid decides that the consumer cannot watch
TV, because he will be using the washing
machine, there will be a huge impact on
privacy.

When the control decisions are made by
external party, the owner of the devi
connected to the gird loses a lot of priva
However, when the consumer
participating in the control decisions, tf
impact on privacy will be lower. The mor,
participation there is in the decision maki
process, the more privaayith respect to
self-controlis left for the consumer.

a
his
e,
ter
not

Predictive window

re
the
he
ot
he

Level of indirection he

an
ce

Level of participation

D. Consequences for green ‘intermittent’ energy

Last but not least, we come to the consequences of

sharing control for a driver behind ‘smart gridsteating
space for the integration of energy from renewaulerces
with an intermittent profile and limited predictiofwind,

solar, etc.). When there is no sharing of controlthe

balance of supply & demand, attaining balance niest
achieved by creating and or introducing other seppl(e.g.
more gas turbine based electricity plants) that can
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compensate for the variation on the ‘intermitteetiewable
supply side.
control) reduces the need for extra flexible sugrpli

TABLE IV. CONSEQUENCES FORGREEN ENERGY

Degree of freedom Impact on ‘green’ energy

A larger predictive window is difficult tg
obtain for power sources like wind and
solar power plants.
More or less indirection with respect to
demand response management does
directly impact ‘green energy’. However,
when consumers are allowed to tell which

Predictive window

Level of indirection

power’), direct control over the feeding
power to the grid does impact the use
green energy.

Sharing control for supply & demand

energy usage when renewable sources

Level of participation ‘at peak level'. However, a higher level

does not directly impact ‘green energy’.

VIl. FRAMEWORK APPLICATION

As a demonstration of how one could apply thisproviders.

framework, we now apply it in comparing the claabigrid

energy resources have to be used (‘green

management can be used to stimulate

participation (be it consumers or produces)

in time is related to the time it takes for a mankaind to

Demand Response management (i.einghar complete and if it is allowed to bid for market nals in the

future.

Level of indirection. In the classical grid, the consumer
has a certain level of indirect control of balagcsupply &
demand. The entire group of consumers of conthasentire
group of producers by demanding energy throughgtids
which the producers have to supply, as long as the
consumers pay. Since the price of energy for comssim
hardly varies (in time), the amount of control afldncing
supply & demand the producer has is very little. dn
‘PowerMatcher world’ there is more direct controrh the
producers: by demanding a higher price in the meatket
round, they can ‘push’ the agents of consuming asvinto
not consuming power. Or by lowering the price, tloayn
‘push’ agents towards consuming, depending on theah
need for energy of course.

Level of participation. In the classical grid there is little
participation in control with respect to balancisgpply &
demand by both consumers and producers. The gbup
producers responds to a total predicted demandiregrat
centralized markets (national, international). Tdreup of
consumers responds to prices on the market by nerg
In a ‘PowerMatcher world’ the level of
participation is increased significantly. Each aonig

and a possible future smart grid with respect to sharingdevice influences the market (indirectly) by bidglend each

control of balancing supply & demand. For this goé
tomorrow we use the ‘PowerMatcher’ distributed coht
mechanism [9]. In a Powermatcher world there areadled

producer influences the market by demanding a ioeptice
for their electricity production. However, the amouof
participation in a ‘PowerMatcher world’ is closelynked

consumer and producer nodes. They are represegted b with the type of mechanism is used by the spegfice

'software agents’. The agents exchange ‘bids’ entetity.
They express to what degree an agent is willingodg
(consumer) or receive (producer) for which amoufit
electricity. This is done through a mechanism baead
micro-economic markets in which bids are aggregated
the market clearing price is determined as thelibgum
where supply meets demand. The ‘market clearincepis
returned as a response to a bid. Agents then loafaldow
the allocated energy profile. Note that in the silzed grid (in
the Netherlands) a kind of auctioneering mechaniso

determining agents used for determining the ‘maclesring
price’. For example, when real money is used in

oauctioneering type of mechanism, the consumer ngillio
spend the highest amount of money available hase mor
influence than parties who have less to spend. ,Also
producers demanding the least amount of moneyHeir t
electricity will probably have more influence.

an

VIII.
In this paper, we presented a framework for cormgari

CONCLUSION

takes place (e.g. the APX) at the level of Programgistributed) control mechanisms for balance of by

Responsible parties (the electricity providers amdwork
operators) The huge difference of the PowerMatdieer
within the fact that in a ‘PowerMatcher world’ dees
attached to the grid partake into the bidding tgrotheir
agents. We can now compare these two situatioms) e
framework and focus on the consequences.

demand, along three axes. The framework is focused
sharing control of ‘end-user devices’ in a smait.giVe
saw that changes — along these axes - in the degign
control architecture for a smart will have consegaes. We
discussed these consequences with respect to igfues
network stability, balance of ‘societal’ power, yaty and

Predictive window. In the classical grid, consumers of 9r€en energy. These issues are intertwined. Fongbea in

power do not tell producers of their need for epatigectly..

an architecture, with a low level of indirection &vk energy

Only very large consumers have specific contracih w SuPpliers can directly influence the usage of eyeag

energy suppliers and network operators. For thesnwds
domestic and SME users statistics are used, whexgops
behavior is used to determine future behavior. In
PowerMatcher grid consumers do communicate the&rggn
need — be it indirectly — by bidding prices for amts of
energy. The distance in time are market rounds.distance

Copyright (c) IARIA, 2012. ISBN: 978-1-61208-189-2

consumers, a possibly unwanted consequence isniect
on privacy with respect to self-control. Increasthg level
2f indirection by having the energy suppliers iefige the
total amount of power instead of devices, the impat
privacy is less, but due to the shared influencéaih the
supplier and the consumer, there is more impactatwork
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stability and optimization. Due to the possiblegaimpact [4]
of design choices, we also argue that these desigisions
should not be taken lightly. Future work

Although we already use the framework for compariso [5]
of control mechanisms for the management of balafce
supply & demand in smart grids, we do think therecom
for improvement. As the reader might have notickd t [6]
framework is not as fine-grained as it might neede in
order to make efficient and useful comparisonsufeutvork
will have to determine if this is the case. To thet want to
integrate framework on ‘sharing control’ with ouarker 7]
framework on ‘sharing information’. We will be dgirso in
‘Reference Model for Supply & Demand Management on
Smart Grids’ (working title), which TNO is currentl

working on. (8]

ACKNOWLEDGMENT

We would like to thank the European research ptojec
‘Web2Energy’ in the FP7 calENERGY.2009.7.3.5. Novel [9]
ICT solutions for smart electricity distribution meorksfor

their funding to this research.

REFERENCES

G. Broenink, and K. Helmholt, “Degrees of Freedom i [10]
Information Sharing on a Greener and Smarter GHdfart

Grids, Green Communications and IT Energy-awareyiq)
Technologies (ENERGY), 2011 The First International
Conference on , pi41-147, 22 May 2011

T.M. Overman, and R.W. Sackman, "High AssurancerSma
Grid: Smart Grid Control Systems Communications [12]
Architecture", Smart Grid Communications
(SmartGridComm), 2010 First IEEE International Goehce

on, pp.19-24, 4-6 Oct. 2010

T.M. Overman, R.W. Sackman, T.L. Davis and B.S. &ph
"High-Assurance Smart Grid: A Three-Part Model 8mart

Grid Control Systems," Proceedings of the IEEE .98

no.6, pp.1046-1062, June 2011

(1

(2

(3 [13]

Copyright (c) IARIA, 2012. ISBN: 978-1-61208-189-2

M.U. Tariq, S. Grijalva and M. Wolf, "Towards a Disuted,
Service-Oriented Control Infrastructure for SmartidG
Cyber-Physical Systems (ICCPS), 2011 |EEE/ACM
International Conference on, pp.35-44, 12-14 Ap0il1

Venayagamoorthy and Ganesh Kumar, "Innovative sgratt
control technologies”, Power and Energy Society €b&n
Meeting, 2011 IEEE, pp.1-5, 24-29 July 2011,

R. Belkacemi, A. Feliachi, M.A. Choudhry and J.E.
Saymansky, "Multi-Agent systems hardware develogmen
and deployment for smart grid control applicatibridpwer
and Energy Society General Meeting, 2011 IEEE,-8p24-

29 July 2011

A. Molderink, V. Bakker, M.G.C. Bosman, J.L. Hurirgnd
G.J.M. Smit, "Management and Control of Domestica8m
Grid Technology," Smart Grid, IEEE Transactions,aol.1,
no.2, pp.109-119, Sept. 2010

M. Erol-Kantarci, J.H. Sarker and H.T. Mouftah, '#ysis of
Plug-in Hybrid Electrical Vehicle admission contriol the
smart grid," Computer Aided Modeling and Design of
Communication Links and Networks (CAMAD), 2011 IEEE
16th International Workshop on, pp.56-60, 10-11eJ2011

M.P.F. Hommelberg, C.J. Warmer, |I.G. Kamphuis, KKk
and G.J. Schaeffer, "Distributed Control Concepsing
Multi-Agent technology and Automatic Markets: An
indispensable feature of smart power grids,” Power
Engineering Society General Meeting, 2007. IEEE1fh
24-28 June 2007

D.J.C. MacKay, “Sustainable Energy — without the &in.”
UIT Cambridge, 2008. ISBN 978-0-9544529-3-3.

G. Strbac, A. Shakoor, M. Black, D. Pudjianto andBbpp,
"Impact of wind generation on the operation andedewgment
of the UK electricity systems”, Electric Power Sy
Research, vol. 77, issue 9, July 2007 pp. 1214-1227

C. Framer, P. Hines, J. Dowds and S. Blumsack, ‘@lind
the impact of increasing PHEV loads on the distrdou
infrastruction” System Sciences (HICSS), “43Hawaii
International conference on, 2010, pp 1-10

M.H. Albadi and E.F. El-Saadany, “Demand Respomnse i
Electricity Markets: An Overview”, Power Engineggin
Society General Meeting, 2007, Tampa, FL, pp 1-7.

41



