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DISTRIBUTION GRIDS OF THE FUTURE
— THE TECHNOLOGICAL CHALLENGS

INTRODUCTION

The sustainable availability of electrical energyane the most
important factors in order to guarantee economiowgn, social
welfare but also protection of the environment. Eheopean Union
recognized the increasing dependency on the ingddassil energies
like natural gas, oil and hard coal. Additionalllge European Union

also identified an increasing threat of climate rde caused by the

increasing use of fossil energy sources. Therefine,so-called 20-
20-20 targets were agreed on as a substantial elevhthe “2008 EU
Climate Action and Renewable Energy Package” [1]. BR®the
member states of the European Union shall reduesr t80,
Emissions by 20%, increase their energy efficielbgy 20% and
finally increase the use of renewable energieshe dverall energy
sector to 20% of the total energy used. The basédirgiven by the
year 1990. These targets will show a substantiphghon the role of
electricity in the modern society. The world of tomow will be more
green, more energy efficient, more sustainablealsd more electric.
In other words electricity is a part of the solatioThe 20-20-20
targets have a substantial impact on distributisidsgand their
operation. Therefore, the analysis of the 20-2G#0Qets allows the
development of a scenario concerning the strucncethe operation
of the electrical grids of tomorrow.

ADJUSTMENT OF EUROPEAN ENERGY POLICY THROUGH
THE 20-20-20 TARGETS

Electricity is a highly efficient and environmensalfriendly
energy. E.g. even the today’'s energy mix in theopean Union

shows thanks to CCiree generation units like nuclear and renewable
power plants as well as low G@eneration units like gas fired power *
plants a low overall CQexposure. The planned implementation of

carbon capture and storage technologies (CCS) fdrfited power
plants and the planned increase of electricity gdion by renewable

energy sources will reduce the €@missions even more. In addition

the efficiency of fossil fired power plants has eécreased
substantially during the last years. Coal fired powkants exceed
40% efficiency and gas fired power plants even eahiabout 50%
efficiency.

On the demand side heat pumps create more thae thmiés of
thermal energy out of one unit of electrical enerfiye well to wheel
efficiency of electrical cars achieves about 33%levthe efficiency
of combustion engines amounts from 20% to 23%.iBgiall cars in
the European Union with electricity would increabe electricity
consumption by some 10% to 15% and increase theiegffy by
about 50%. The increase in consumption is ratheitdd from a
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WE ARE GOING TO FACE

technical point of view and it should be possildénaindle it with the
available network technology.

This potential of electricity clearly shows thage&ticity is a part of
the solution. However, one question has to be amslvevhat does it
mean for the electrical grids when the electricippsumption as well
as generation by renewable energy sources of diffesize are
increased?

SUBSTANTIAL CHANGES IN THE ELECTRICITY SECTOR

The increase of electrical applications in the gpant (electrical
vehicle) and heating sector (heat pumps, electdgalct heating in
low energy houses) will increase the electricitynded in comparison
to a business as usual scenario. Contrary to thésefficiency in the
use of electricity, e.g. in the field of streetifong systems with LEDs,
will be more efficient compared to today. Howevaer, total the
electricity demand will increase to a limited ambuks already stated
this increase should not lead to any bigger tecthnabhallenges,
nevertheless, it will create the need for investisien

With respect to the variations of load flow on tmsumer side the
volatility will stay in the range where we see diday. However,
concerning generation a completely changed sitnatias to be
expected. In the past and in most cases even tih@ageneration is
characterized by the following elements:

e The produced electrical power shows a determindt@racter,
as thermal power plants — coal and gas fired akagehuclear
power plants — are in most countries dominatinggeeration
portfolio

« Power plants are concentrated at consumption &entbich

allows short distance transportation

The tie-lines between countries as a rule had aastlynstill

have a mutual back-up character in order to supgeech other

in case of power plant outages

e Big power plant units — above 400 MW of installeghaeity —
are dominating the generation portfolio. As a cousace the
units are connected to the transmission grid winetkes this
grid to become a power plant dominated grid

e Due to this, the balance between the determinggticeration
and the volatile — however, not fully probabilisticonsumption
is the task of the transmission system. The geoerdbllows
the consumption

* Finally, the load flow that we observe today hasclaar
direction. It comes from the higher voltage levetlaggoes the
lower levels.

The 20-20-20 targets are aiming to have 20% shfirenewable
energies included in the energy sector. This maimtjudes heating,
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transport and electricity. There are means like gleetrical car and
the heat pump but also biofuel and wood which ameiasing the
percentage of renewables used in the first twaosecHowever, both
will stay below the 20% threshold. This means ttheg electricity

sector has to contribute more in order to achibigetarget as a whole.
Estimations on a European level amount up to 35%.

Given that 35% of the electricity should be gerestdiy renewable
energy sources the installed capacity has to gbewgond this level as
renewable energy sources have a much lower annoe of
utilization in comparison with the conventional paw plants.
Assuming a 50% utilization time for renewable enesgurces the
installed capacity has to be about 70% of the iegsavailable
capacity of conventional power plants.

From an economic point of view this means a hugestment
program in new generation units and a huge effamcerning
supporting schemes. Renewable energy sources ate avill be
“must-run” power plants with specifically high geagon costs.

From a technical point of view we will see huge nepacities e.g.
off-shore wind generators to be connected to thestnission grid at
places where there is no consumption. This leadkecchallenge of
long distance transportation. In case that some beerstates, above
all Germany, is executing the planned phasing-éutuzlear power
plants by around 2020 the technical challenge ofglaistance
transportation will further increase.

As an example the German Free State of Bavariahwkie even in
a stand alone comparison — one of the strongestoeties of the
European Union with a population of about 12 milljpeople depends
to about 80% on electricity produced by nuclear @owplants.
Together with some 20% generation of electricityhiydro power
plants the energy mix even today is nearly ,Citee. This very
positive situation will change substantially aftewitching off the
nuclear power plants and in addition a severe gt import
problem will occur as Bavaria for sure is not a enefd region for
wind energy and the potential of hydro power isadly used.

In addition to the long distance transportation riie@-controllable
electricity generation profile of renewable enemgpurces leads to
additional technical challenges. The electricitgdarction is based on
climate conditions (wind, rain, sun) but also ory dad night cycles
with limited links to the electricity demand.

With respect to distribution we will see a huge temof smaller
hydro, solar, geothermal and biomass power plantslso CHP units
using various technologies. These generation wviltde very close
to the consumers and even will change the pureucoas of today
into a producing consumer, a so-called “prosumniddwever, most of
the generation will not follow the electricity denthbut rather the
climate conditions or the heat demand in case of QiHIs. This
again makes the electricity production not contuli.

As a consequence the load flow will change withigtribution
grids from a pure “top-down” load flow to a mixetbp-down” and
“bottom-up” load flow. In combination with the exgied increase of
electricity consumption the necessary networks c#ipa have to be
provided. In addition, the higher variability andlatility of the load
flow also leads to a higher variation of the voétagve will not only
see the today’s decrease of voltage when the disttmthe MV or
LV feed in transformer increases but also to ameiase of voltage
when the dispersed energy production is high inesinof low
consumption.

Today the voltage is kept close to the rated velt@gviations are
only allowed within a narrow band. If this overalbltage quality
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standard should be kept in the future measures toave taken. They
either can be of a passive nature which meansaadse of the short
circuit power by installing more transformer angelicapacity or they
also can be of an active nature. In this case rmvices like voltage
controlled MV/LV transformers, voltage control unin the mains or
flexible reactive power sources have to be integranto the system.
In principle this technology is available, howeveirther research and
development are requested.

At this stage it has to be mentioned that theemather approach as
well. However, it is only a theoretical one at thement. It should be
possible to lower the overall voltage standards tandiden the band
for deviations. In order to maintain a certain agk quality for the
consumer an individual voltage controller — e.gplemented as a
self-commutated inverter with AC output — has todukled to the
individual connection point of a customer to thélmigrid. Again, it
has to be mentioned that this approach would bes geivolutionary
and the idea is more on the level of an academéracher at the
moment. An even more revolutionary approach wowddtd change
from AC to DC in the household and thus to avoidhigtén number of
converters used today.

In order to summarize, the implementation of the2@eP0 targets
will lead to three challenges for the electricawk:

Solving the transportation challenge which is cdubg the
locations of the big renewable generation siteds Ttem is
assigned mainly to the transmission grid

Solving the voltage quality challenge which is @iy the
dispersed generation and which leads to changiag Row
direction in the distribution grid

Solving the power balance problem which is causethb fact
that not only the load is volatile but also the eation.
Renewable energy source are not controllable witipeet to
production. This item is a system issue.

CONECTION OF NEW POWER PLANTS AND
TRANPORTATION OF THE ELECTRICAL ENERGY

The connection of the immense renewable generatagpacities
includes several challenges. To begin with, the ggoplants have to
be connected to the existing grid. As far as thedmission grid is
concerned long distance transportation becomessareias already
mentioned above. As a consequence congestionsnvitiki national
systems have to be reduced by building additiaralsimission lines.
As an example within Germany it is crucial to reie the North —
South capacities. In addition, the cross bordetidratcks have to be
removed as well by increasing the cross border citigg As an
example the projects of cross border lines betwagium, France,
Germany, Luxembourg and The Netherlands can beiomemt

All those projects are feasible from a technicalnp®f view.
Nevertheless, with respect to the approval proeedoere are quite
some challenges as there are many restrictiongdardo get the
official building permission. The procedure is nanly time
consuming but the rules also differ from membetesta member
state. In many cases it is easier to get the mglgiermission for a
wind park and to build it than to connect the wpatk to the existing
grid. However, without grid there is now transpoftelectricity. The
NYMBY (not in my backyard) effect is quite widespdedn the
European Union.

Another issue is the request to use undergrounigsalb has to be
reiterated that on a transmission level the cadtbrtology is much
more expensive compared to an overhead line andelbetrical
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parameters — above all the specific capacity -bgrar less favorable.
In addition extra high voltage cables are from ehtécal point of
view not as mature as high voltage or medium veltaples.

Finally, it has to be mentioned that the North &fashore wind
parks will be connected through DC-lines to thecteieal system on
the mainland. By connecting the wind parks with iddal DC-lines
— which is not technically fully solved at the mamhe- a big energy
exchange platform between the UK, the Nordic mar&ermany and
The Netherlands will be created. The hydro powentsl in Norway
even can be used as storage systems for the werdyeproduced in
the North Sea. Arguing more future oriented thigthN&Gea DC grid
can be considered as the core of a potential Earop<C super grid
which connects solar thermal energy generatiohersbuth of Europe
or in Africa with the wind energy produced in Nath Europe. In
any case DC technology can substantially increaséNtirth — South
transportation capacities.

BALANCING OF THE SYSTEM

As electricity still cannot be stored to a lageteex! the balance of
generated and consumed power has to be grantety dinee. Today
the load is considered to be volatile and the ddtestic generation
follows the load. Only unplanned outages on theegsion side
create some volatility. The metrics for describihg power balance is
the constancy of the frequency.

In general, there are three steps on the genersitifenin order to
achieve the power balance in the system. These stap differing
with respect to time duration:

e Power plants contributing to the primary reserve:
The reaction time is in the range of 30 sec, tmetduration of
the service has to be as short as possible in dodgain back
the availability for other incidents and the whal€TE area is
contributing

e Power plants contributing to the secondary reserve:
The reaction time is in the range of some minutks, time
duration of the service is about 15 minutes and toade
replaced by the minute reserve in order to becoradadble for
other incidents and only the frequency control a@acerned is
contributing

«  Power plants contributing to the minute reserve:
The reaction time is in the range of 15 minuteg thme
duration can be some periods of 15 minutes and¢eromg
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e Building new lines in order to allow long distancartsportation
of energy and to further increase the area whenswraption
and generation has to be balanced (the establishofera
European DC super grid is the far end of this idea)

e Building new peak power plants (those power planilt lve
mainly gas fired which leads to the question ofistainable and
reliable supply with natural gas)

< Building additional storage options (next to thesérig hydro
storage power plants pressurized air storage sgstm@ an
interesting option; with respect to decentralizegstams
electrical vehicles should be considered as well)

e Introducing and fostering demand side management by

including the private households

From a political economy point of view the optist®ould be used
according to the merit order.

In order to make the situation more transparerd>ample shall be
discussed. We assume a country where there is sugmion of
30 TWh of electricity per year. In case the utiliaa time of the
conventional generation park amounts to 4 000tbtad a power plant
capacity of 7 500 MW has to be installed. Theregt ¢ 000 MW
might be base load and e.g. 3 500 MW might be pmsk

In case that 35% of the energy consumption shoeldupplied
from renewable energy sources roughly 10 TWh haveome from
those sources. Assuming a utilization time of resige power plants
in the range of 2 000 h per year a capacity of ® OV of renewable
energy sources has to be installed.

Assuming also that e.g. 10% of the renewable pdns&alled is
available on a reliable base 500 MW of the insteles00 MW can be
replaced. This means that the new generation piortfonounts to
12 000 MW of installed capacity — which is an irage of 60% —
compared to the initial situation. Out of this 03@W are volatile i.e.
non controllable.

As a consequence the demand for peak power isaisiog from
3500 MW (load defined) to 4 500 MW (generation ined). Of
course there might be a coincidence between pealantt and peak
offer. However, as the availability of the 4 500 Mwnewable
generation can not be guaranteed an equivalentiyagower has to
be available. As a consequence, in our exampleefigting peak
power plant capacity has to be increased by 1 000 & demand
side management options in the same amount havieetonade

time duration there are more economic than technic%va”able' This corresponds with a reduction paaéof 13.5% for the

constraints.

The substantial increase of volatile renewable gaimn capacities
increases the need for back-up power plants buat ialsreases the

load.

SMART METERING

In order to add demand side management to theofiortff options

requirements towards primary and secondary coasdhe generated for balancing the system several preconditions hae fulfilled:

power might change (i.e. drop down) very fast ama flarge extent.
Above all, wind generation is quite challenging whe comes to a
storm and the turbines are quickly taken out of kwéor safety
reasons.

In order to provide enough back-up power — i.e. @owhich

corresponds with the minute reserve criteria —ethare several

options:

e Market coupling in order to optimize the use of thasting tie
lines and to increase the area where consumptiomgeneration
has to be balanced

e Building new tie lines in order to improve the cduogl of
markets and to give more options for energy exceang
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e There must be sufficient load available that cainfieenced

e The information on the current and actual consuompbdf the
customer must be made available

e« There must be a bidirectional communication chartnethe
customer in order to get the information on constimnpand to
send orders to the consuming devices of the custome

e The coordination of millions of small load changesist be
done successfully. The logistics behind this cam@otompared
with ripple control applications or the load managat on the
transmission side.
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As a consequence, it is obvious that without thelémentation of In order to come to a technically feasible demadd mmanagement
smart metering demand side management with regpegirivate some customers have to be used as samples in trdeneate a
households is not possible. In addition, it becomlear that smart consumption pattern. The individual customer wit ksontrolled
metering can not be only defined by bringing custoiata to a data through an overall data centre.
center. Smart metering also includes orders toel¢ fsom this data  With respect to the contribution of demand side agament to the
center to the consuming devices. It is more tha jlata collection system stability also a more regional approach assiple. Each
with a higher sample rate combined with automatetenreading and distribution unit — e.g. HV/MV transformer togetherith the
visualization to the customer. This often seemstadbe fully clear equivalent MV and LV grid — has to define certaiad flexibility as a
when smart metering is discussed. function of the frequency. The consumers and preguwvithin this

In case there is a high specific electricity conptiom per distribution unit are acting in such a way that liteed is reduced when
customer, like e.g. in the US with about 15 000 K#Whecause of air the frequency is reduced as well and the other mwand. The data
condition systems or in Norway with about centre in this case is linked to the transformatich.

20 000 kWh/yr because of electrical heating, gvilent that there is  In any case, the individual contribution of a custo to demand
a high potential for demand side management. Alallein these side management has to be evaluated on a monetsey b
examples the thermal inertia of the buildings isduas energy storage. The most sophisticated version of smart meteringuires

In Germany with about 3 000 kWh/yr average consionpper bidirectional communication and frequent measurenadérthe load.
household the potential for demand side managememiuch more However, there are also reduced levels of “smastnehich need less
limited. However, the necessary investments omibtering side are technological efforts and also might bring somedfign to the utility
the same. In this case it seems to be necessagst tmore electricity involved:
applications to the households. The 20-20-20 targdt support this ¢  Visualization of consumption in order to increashe t

as already discussed above. Potential fields fareasing the information for the customer and to allow him tot deetter
electricity applications are: control about his energy consumption. The benefittie utility
e Electrical vehicles is in the field of image and potentially customeydlty. The
«  Electrical direct heating in combination with lowezgy houses local availability of information is sufficient

e Electrical heat pumps « Increase of consumption flexibility with respectttoiffs. This
e Air-conditioning. allows the utility to get influence on the peakdo#gain, the

local availability of data is sufficient
In any case demand side management on a custoveemld shift +  Improvement of the customer switching process. fds and

system responsibilities to a certain extent from titansmission level not the estimated consumption is made availablg tierely.
to the distribution level. This means of course arenintensive However, at least automated meter reading is nagess
cooperation between the transmission and distdhigystems. « Enabling more frequent billing. In case the requiasks for a
Concerning the use of demand side management seytiahs are more frequent billing based on the actual consumpti
possible: automated meter reading becomes indispensable
e Load leveling, which means to shift consumptiomfrpeak to +  From an operational point of view outage locali@atthrough
off-peak times and which only needs a limited dexahange automated read meters becomes possible even itvthed
frequency *  Frequently read meters also can contribute to reedlack take
e Contributing to the minute reserve, which meansaatien time offs
for load reduction of about 15 minutes. This apphoia a rather ¢ In case of an increased importance of disperse@rggéon a
physical one better control of the load flow — e.g. in orderawoid overload
e Load curve shaping, which means to minimize theiadi®ns of lines — becomes necessary. Again, automated megtding is
between the purchased energy and the actual cotisnnwth sufficient
respect to a balancing group. In case the balanpegpd <«  Finally, there is demand side management with asfan peak
amounts to 15 minutes the reaction time must betehdrhis load reduction, provision of minute reserve or thenagement
approach is focusing on the trading side of thénmss. of a balancing group. Only in this case a bidicat

communication is indispensable.

One interesting question is how to get the datafilee customer to
the data centre. Just to show the order of magajtirdthe case of As a consequence of this analysis only the lasttdiows a sound
Germany we are talking about 40 million meteringcels. The use of business case for the full deployment of smart rivege The other
PLC technologies (from 0.6 to 2.5 khit/s) to britg tmetering data features are just “add-ons”.
from the meter to a data nod (e.g. situated in allMransformer From a political economy point of view the questimw to get the
station) and then through GPRS (from 9.6 to 20.@/bior other additional flexibility into the electricity systerm order to balance
technologies to the data centre is a quite promisind economic load and generation at any time in an economicsastiinable way
approach. However, there will be limits for theal&tansmission and has to be answered. This means it has to be adalybether the
it does not seem to be very likely that e.g. evampute all data of all implementation of smart meters, the establishmémressurized air
of the customers are transmitted. New technoldgiedT broad band storage systems or the commissioning of an additigas fired peak
cables which shall be made available to all housishallow baud power plant is best solution concerning the madeo.
rates of 50.0 Mbit/s and thus open new options. In order to get a clear decision at this pointsitiinportant to

It should not be an exaggeration to state thattta management remember the different electricity consumptions Ipeusehold in the
described will be a kind of revolution within thestlibution business. European Union. This means that the merit order diffier from
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member state to member state. The more electigiplications we
see in one household the more efficient demandmeateagement will
be.

With respect to the statement that only demand sideagement
allows a business case there should be a cleamafish between the
electronic meter including in-house options as wadl automated
reading and the bidirectional communication whencdmes to
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SMART GRIDS, SMART METERS AND THE MARKET

In order to implement the 20-20-20 targets them tavo basic
subjects. To begin with, there is the adjustmenthef transmission
and distribution grids to the new requirements Whig a regulated
issue. Secondly, there is the implementation ofrsmeeters. The

regulation. Only elements which allow a businesseczan be subject basic requirements — i.e. the customer informagibout his current

to the market. All the other issues which are retpeby policy — e.g.
improvement of customer information or more frequleitiing with
actual data — have to be recognized by the reguéstacosts of the
system operator. Of course, any cost reductionsffigiency increase
have to be deducted from the cost base.

Finally, the customer protection has to be mentiorferoviding
consumption data with a high frequency allows atejudetailed
analysis of the behavior of the customer. In arsedds privacy has to
be respected. This issue has to be taken veryuséyio

SMART GRIDS

Based on the analysis done so far a definition efnart grid is
possible. The smartness of a grid is given bybiltato manage the
challenges caused by the 20-20-20 targets in atsrar cost
efficient, sustainable and future oriented way. sThincludes
distribution grids as well as transmission grids.

With respect to the transmission grid the connectb the large
size renewable generation plants has to be mareyeell as the long
distance transportation of the electricity genetat€herefore new
technologies like DC transmission lines — not ordypaint to point

and actual consumption, the more frequent billingeal on the actual
energy consumption as well as the timely custormétcking — are
regulated issues. Demand side management featumes wompete
with other options like energy storage options ealppower plants
are market based. This means the customer whortisipating in a
demand side management regime has to have bedefitghis
participation.

In addition, there are new market roles. A dateharge agent has
to deal with the data provided form the smart meterhas to give the
data to all parties who are allowed to deal witbsthdata. However,
he also has to send the consumption or generatidaers to the
customers and producers. The data exchange agsrnibhact in a
transparent, objective and non-discriminatory wélye function can
be regulated or not. It also has to be decided lwiiicture has to be
given to the data exchange agent. Finally, it baset decided how to
organize the data exchange agent (country wiségrraly hierarchy,
a.s.0.):

Three more market related issues shall be mentiaseskamples.
To begin with, the price for renewable energy ibjsct to support
schemes which exclude this energy from the maf@t.the future it

connections — combined with AC lines, the use efttiermal reserves can be estimated that the installed capacity okwable energy

of transmission lines by implementing temperatuomitoring, and so
on have to be implemented.

With respect to distribution grids the changingddiw has to be
mastered as well as the increased changes in golfdgs means in
detail to increase the installed grid capacity bigo using more
flexible elements like voltage controlled MV/LV trsformers or
others. Dynamic reserves in the infrastructure hwebe made
available.

The investments into transmission and distribuipidls must be
secured within the regulatory regime, however, ftechnical point
of view the development of grids is more an evolutithan a
revolution. Specifically, smart grids are able tamage the future
increased generation by renewable energy sourcdstlan future
increased use of electricity in an optimized wayrdGautomation
which can be achieved by more remote control in &\ LV grids
but also through stand alone switching logics —ettomes referred to
as a self-healing grid — are additional, potengl@ments of smart
grids.

The enabling of demand side management by implantaf smart
meters with a bidirectional communication togetivith controllable
consumers and producers forms a different feattireontributes as
well to achieve the 20-20-20 targets but standglbesmart grids. As

sources will amount more or less to the same pdhatr we have
today in the conventional power plant portfolio.eTlquidity of the

power market will be reduced substantially in cdbere is no
integration of renewables into the market. Thisstjoas the current
market model.

Secondly, the current systematic of grid tariffsesigt charge
generators at the moment (G = 0) in order to awwagket distortions.
All costs are assigned to the customer side (L.>T@gre is also no
transmission component (T = 0). In future the corsiowill become a
“prosumer” which e.g. means he is a generator @f®&of the time
and a consumer for the remaining 50 % of the tivéh respect to
the example this means that he pays grid tariffg for 50% of his
energy consumed (while his overall energy balanite the public
network amounts to zero). In order to get the gadts reimbursed
there are two basic options. Either the grid tadiffhave to be doubled
or the generation G has to take some part of thss@s well. In order
to avoid market distortion a European harmonizatsoomdispensable
when it comes to G > 0. An alternative is to irlstedependent meters
for generation and consumption in one householdthis case the
current grid tariffs can be kept.

Finally, it seems that electrical vehicles playimportant role with
respect to the market model. The deployment oftétat vehicles

already discussed, demand side management sugpstesn stability and the necessary charging equipment is much naranaed than
through balancing the gap between the volatile ggioem and the the deployment of smart meters. Charging posts eacohsidered as
volatile consumption. Elements like electrical \ad$ or heat pumps private households where the inhabitant — repreddoy the electrical
which increase the controllable power together wite necessary vehicle — is changing frequently. Also in this céise customer has to
communication infrastructure are part of the densidd management have a choice concerning the supplier deliverirey afectricity. This
feature. In general demand side management has dofe in a way means that the function of the data exchange abest to be
that doesn’t reduce the comfort of the customer. established as well. As a consequence, the markefelnused for
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electrical vehicles has a pilot function for therke model which is will be volatile. This will increase the challengegh respect to keep
connected to smart meters. the power balance. All available options for a Holu have to be
taken into consideration. This brings demand sidgmagement back

on the agenda. Smart meters with a bidirectionairoanication will

PERSPECTIVES FOR DEVELOPMENT play an important role. In addition more electriagblications which

Wide area connections of grids like the connectiérthe UCTE will occur as a consequence of the 20-20-20 tang#étsontribute in
grid and the Russian grid — either with AC or DC lirkas well as the a positive way in order to make demand side rpanggerfeagble.
Mediterranean extra high voltage ring also havédaoconsidered as The regulatory framework has to take the new sitnainto account
elements of smart transmission grids [3]. Differgeneration and and in order to keep the markets liquid renewabrgy sources have
consumption patterns are connected and thus cotdrito a better to become a part of the market.
balance between production and demand. Even diffdéime zones REFERENCES AND REMARKS
would be connected through such projects.

Also the already mentioned idea of a European sgpetbased on [1] European Commission; “EU Climate Package”; 2008

Remark: It is interesting to note that £@duction targets are referring
DC which integrates Northern wind power with Meditégrean solar only to the energy sector which together with traagportation
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