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ABSTRACT 

Curtailment of distributed generation and demand side 

management may be a feasible alternative to network 

expansions in future medium voltage networks. Hence 

both must be considered in network planning today to 

develop cost efficient networks. Different control 

strategies are possible and each will result in a distinct 

optimal network structure. Network 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 

considering different control strategies. In this paper, a 

new algorithm is presented in this paper to solve the 

planning and control problem in an integrated manner. 

The distribution system operator of the city of Aachen 

(STAWAG) has decided to use this algorithm to evaluate 

different control strategies and derive an optimal long 

term network structure. The results of this study are also 

elaborated in the following.  

INTRODUCTION  

The European Union (EU) has agreed upon an energy 
strategy for 2020. The energy efficiency is to be 
increased by 20% and 20% of the final energy 
consumption are to be supplied by renewable energies. 
In Germany it is expected that distributed generation, 
especially from wind and photovoltaic energy sources, 
increases significantly till 2020 [1]. This has severe 
consequences for the operation and planning of 
distribution networks. Different consulting firms 
approximate that medium voltage (MV)  networks will 
be affected strongly and investments of 5 to 6 billion ú 
will be required for network expansion in this voltage 
level [2]. It is expected that demand side management 
(especially for electric vehicles) will contribute 
significantly to facilitate system balancing on a national 
level. As of today it is not yet obvious who will control 
these flexible loads and what control strategy will be 
used. Numerous regulating regimes are being discussed. 
Spot market based control strategies are one likely 
alternative that may be used for demand side 
management (DSM) in future. Often times this will lead 
to a reduction of distribution network loading, 
especially if solar generation is high. However, if 
renewable generation that is not distributed (i.e. 
offshore wind) causes a low system load (and thereby 
low prices), market based demand side management 
may be beneficial for system balancing but may also 
cause overloading in distribution networks.  
For the reasons stated above, a direct relationship of 
long-term distribution network cost and demand side 
management exists. The municipality of Aachen 

(STAWAG) has decided to review its planning 
standards of medium voltage networks. STAWAG and 
the Institute for Power Systems and Power Economics 
(IAEW)  at RWTH Aachen have been working together 
in the government funded project ñE-Això to estimate 
the influence of distributed generation and demand side 
management (especially electric vehicle charging) on 
long term medium voltage network costs in Aachen.  
Firstly a target network structure, which had been used 
to identify expansion planning projects so far, has been 
analyzed taking into account new expected growth rates 
for distributed generation based on the national 
renewable energy actions plan [1]. Thereafter a 
Greenfield approach has been used to plan new target 
networks for three different scenarios. The regulating 
regime and demand side management strategies have 
been varied in these scenarios and were evaluated based 
on total costs, which include both energy costs and 
network costs. Furthermore it has been evaluated 
whether or not demand side management may be able to 
mitigate network overloading. It is the purpose of this 
paper to present the conducted research.  
No medium voltage network planning algorithm exists 
that allows considering trade-offs between network 
expansions and demand side management strategies [3, 
4]. Therefore a new algorithm was developed to address 
these challenges. The following sections describe the 
problem formulation and present a possible solution. 

SCOPE 

Two types of medium voltage network planning 

algorithms exist. Short term planning is also called 

expansion planning. It takes into account present 

infrastructure and its objective is to identify the network 

expansions that are the most suitable reactions to 

connect new customers or address a change of load. In 

order to keep network costs low in the long run, target 

network planning identifies the network structure that 

has minimal costs disregarding present infrastructure. 

This network is called target network. Target networks 

provide information for the expansion planning process 

and help planners to select the most suitable projects. In 

order to identify the long term influences of distributed 

generation and demand side management, target 

network planning is an adequate tool and hence used for 

planning in the scope of this research.  

All parameters that are relevant for a planning decision 

on medium voltage level are to be modelled. Medium 

voltage networks are operated electrically isolated and 

do transport energy from high voltage (HV) substation 

to high voltage substation. The same holds true for low 

voltage networks. Therefore medium voltage networks 




