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ABSTRACT

Curtailment of distributed generation and demand side
management may be a feasible alternatiwvenetwork
expansiondn future medium voltage networkdence
both must be considered metwork planningtoday to
develop cost efficient networksDifferent @ntrol
strategies are possible and each will result in a distinct
optimal network structureNetwork and energy costs
will also differ. So far network operators and regulators
do not know what control strategy should be striven for.
Furthermore no planning algorithm exists that allows
consideringdifferent control strategiedn this paper, a
new aborithm is presentedh this paperto solve the
planning and control probla in an integrated manner
The distributionsystem operatoof the city of Aachen
(STAWAG has decided to use this algorithm to evaluate
different control strategies and derive aptional long
termnetwork structureThe results of this study asdso
elaboratedin the following.

INTRODUCTION

The European Union (EU) has agreggbn an energy
strategy for 2020 The energy efficiency is to be
increased by 20% and 20% of the final eyer
consumption are to be supplied by renewable energies.
In Germany it is expected that distributed generation,
especially from wind and photovoltaic energy sources,
increasessignificantly till 2020 [1]. This has severe
consegences for the operation and planning of
distribution networks. Different consulting fims
approximatethat medium voltag€MV) networks will

be affected stmgly and investments of 5 tobdlion G

will be required for network expansiom ithis voltage
level [2]. It is expected thatlemand side management
(especially for electric vehicles) will contribute
significantlyto facilitate system balancing on a national
level. As of todayit is not yet obvious who will control
theseflexible loads and what control strategy will be
used. Numerous regulating regimes are being discussed
Spot market based control strategiese one likely
alternative that may be usedor demand sle
managementDSM) in future.Often times this will lead

to a reduction of distributin network loading,
especially if solar generation is high. However, if
renewable genetian that is not distributed (i.e.
offshore wind)causes a low system logdrd thereby
low prices) market baseddlemand side management
may be beneficial for system balancing but may also
cause overloading in distribution networks.

For the reasons stated aboweedirect relationship of
long-term distribution network cost anddemand sle
management exists. The municipality of Aachen
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(STAWAG) has decidedto review its planning
standards of medium voltage netwarETAWAG and

the Institute for Power Systems and Power Economics
(IAEW) at RWTH Aacherhave been workingpgether

in the govenment funded proet -Af Btddestimate
the influence oflistributed generation ardemand side
managemen{especially electric vehicle chargingn
long termmedium voltage networ&ostin Aachen.

Firstly a arget networkstructure, which had been used
to identify expansion planningrojectsso far,has been
analyzedaking into accounhew expected growth rates
for distributed generationbased on the national
renewable engy actions plan[l]. Thereafter a
Greenfield approach has beased to plamew target
networks forthree different scenis. The regulating
regime anddemand side management stratediase
beenvaried in these scenarios awdreevaluated based
on total costs, which include both energy costs and
network costs. Furthermore it has le® evaluated
whether or notlemand side managemenéay beable to
mitigate network overloadindt is the purpose of this
paper to preserthe conducted research.

No medium voltage network planning algorithm exists
that allows considering tradsfs betwen network
expansions and deand side management stratedi@s

4]. Therefore a new algorithm was developed to address
these challenges. The following sections describe the
problem formulation and present a possibleioh.

SCOPE

Two types of medium voltage network planning
algorithms exist. Short term planning #&so called
expansion planning. It takes into account present
infrastructure and its objective is to identify the network
expansions that are the most suialyeactions to
connect new customepr address a change lofad. In
order to keep networkosts low in the long rurtarget
network planning identifies the networktructure that
has minimal costs disregarding present infrastructure.
This network is ca#ld target network. Target networks
provide informationfor the expansion planningrocess
and help planners to select the most suitable projects. In
order to identify the long term influences of distributed
generation and demand side managemedatget
network planning isan adequate to@ind hence used for
planning in the scope of this research.

All parameters that anelevant for a planning decision
on medium voltage levedre to be modelled. dtium
voltage networks are operatetectrically isolated ah

do transport energy frorhigh voltage(HV) substation

to high voltage substatiohe same holds true ftow
voltage networks. Therefore medium voltage networks
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