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ABSTRACT 

The rapidly growing penetration of Germanyôs 

distribution grids with all forms of DG causes a high 

pressure on voltage stability according to several 

normative guidelines. Beside conventional network 

reinforcements increasing short-circuit-power, new 

technical alternatives awake interest. One approach is the 

CLVT, an innovative downsizing of substations voltage 

regulation. This paper investigates the potential for 

voltage control of this new technology as well as the 

possibility to increase the DG connection capacity of LV 

networks with respect to step voltage, number of operating 

positions and which measurements are used as reference 

value for the controller. The benefits and disadvantages of 

an mono- and multi-sensor operation mode will be 

discussed. Furthermore possible interactions between 

several CLVTs connected to one single grid are analysed.  

INTRODUCTION  

In regard to the fact of a rapidly growing penetration of 

Germanyôs distribution grids with several forms of DG 

(decentralized generation), there is a high pressure on 

voltage stability according to EN 50160 [1] and other 

normative guidelines [2]. Particularly rural distribution 

grids, for several decades up to 30 kV nearly free from 

generation, are now becoming one of the nucleusô of what 

is called the óEnergiewendeô, the óturn of energyô that 

became Germanyôs political energy concept after 

Fukushima. Consequence: In every village, on lots of 

farms today we find biogas plants and especially numerous 

solar cells ï based on Germanyôs legislation to advance 

generation from all forms of renewables for more than a 

decade.  

Today, DG up to a 300 kW is connected to low voltage 

(0.4 kV); up to about 5 MW to medium voltage (in rural 

areas normally 20 kV) networks. Therefore there is an 

increasing problem with voltageôs upper limit in 

distribution grids with a classic voltage regulation 

centralized in substations. In recent years DSOs 

(distribution system operator) normally reacted with more 

transformers, additional lines and / or  by using bigger 

conductor cross-sections to increase short-circuit-power. 

This strategy of conventional network extension led to an 

inefficient and expensive multiplication of grid 

infrastructure. Therefore new solutions have to be 

developed, most of them subsumed to the term ósmart 

gridô. One interesting approach is the controlled low 

voltage transformer (CLVT), an innovative downsizing of 

substations voltage regulation. Several forms of CLVTs 

are being developed. 

E.ON Avacon, one of Germanyôs biggest DSOs, has a 

leadership role in testing CLVTs in rural grids since 2010. 

Principal reasons for this strategy are the high potential for 

integrating DG and the selective solution for the central 

issue, namely solving the voltage problem. But among 

several concrete questions about technologies, dimensions 

and costs there are some further and very interesting issues 

concerning the interaction between CLVT and other 

network elements: Which step voltage and how many 

operating positions are necessary? How will CLVTs work 

together? Is there a real benefit in using a distributed 

measurement infrastructure? These important questions 

have been analyzed in an extensive basic study done by 

the Energy Research Center of Lower Saxony in 2011.  

METHODOLOGY  

To analyze the issues mentioned above and to educe 

conclusions, dynamic simulations have been applied using 

standard topologic structures as shown in figure 2 (Fig. 2). 

Parameters of these structures have been identified from 

real existing low voltage grids. In addition there have been 

applied real measured time series of power and voltage to 

test the CLVT under realistic conditions (see Fig. 2). 

Complementally synthetic time series have been used to 

analyze specific effects. 

 

 
Fig1: implemented control behavior 
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Fig 2: Example of an implemented standard topology 

 

These profiles have been applied with different 

arrangements and scaling factors to the grid structure. Due 

to voltage stability reasons an unequal distribution of 

power sinks and sources point out a challenging scenario. 

Therefore the results shown below are mainly based upon 

this scenario.  

Beside these ascertained profiles and topologies a 

controller for the CLVT has been implemented. It is based 

on standard controllers [3] [4]; the realized behaviour is 

shown in Fig 1. 

RESULTS 

Potential for voltage control 

To analyze the potential for voltage control of a CLVT, 

there have been made dynamic simulations using the 

structure depicted in Fig 2. Fig 3a and Fig 3b describe the 

potential in single-sensor operation mode. Hence the 

voltage profile (vide Fig. 2) is used and the results with 

deactivated (Fig. 3a) and activated (Fig. 3b) CLVT are 

compared. It can be recognized that the voltage of the low 

voltage busbar (LV-B) is highly affected by the medium 

voltage profile (MV-P). In combination with the LV-

voltage increase the voltage in node 5 reaches a critical 

value. With activated CLVT the voltage of the LV-B is 

hold in the given deadband and both voltage levels are 

decoupled. Now the voltage level in node 5 is below 

critical values, but voltage fluctuations in the LV-grid 

cannot be compensated. Nevertheless the allowed voltage 

drop and voltage rise and therefore the network capacity 

can be increased. 

In contrast to Fig 3a/ Fig 3b the medium voltage in Fig 4a/ 

Fig 4b is constant and a multi-sensor operation mode is 

implemented. It can be educed from Fig.4a, that load and 

generation profiles have little impact on the LV-B-voltage. 

For this reason the CLVT does not step. Furthermore it 

can be said that no information about the applied load and 

voltage distribution (in the LV-network) can be derived 

from the LV-B-voltage.  

Only with the use of multi-sensor operation mode the 

necessary information about voltage distribution is 

measured and the CLVT is able to control the voltage 

distribution (vide Fig.4b).  

The analyzed extreme situation (separated load and 

generation line), which caused a massive voltage 

spreading in the LV-grid, demonstrates the limits of the 

new technology. In moderate situations (uniform 

distribution) the allowed voltage drop and voltage rise and 

therefore the network capacity using a CLVT could be 

even more increased than in single-sensor operation mode. 

Beside this advantage there are higher efforts in 

parameterising and operation, additional costs for 

necessary measurement and communication infrastructure 

among the disadvantages. 

 
Fig 3a: variable MV, disabled CLVT 

 
Fig 3b: variable MV, enabled CLVT 


