
Lösungen zur Spannungsregelung in 

Verteilernetzen  

Dr.-Ing. Andreas Averberg 

15th LEIBNIZ CONFERENCE OF ADVANCED SCIENCE  

  
 

02 – 03 Mai 2013 

Berlin, Germany 



2 

Agenda 

 Traditional and future structure of the distribution 

grid 

 Impacts on grid voltage 

 Case Study: STATCOM operation of  

PV – Central  Inverters  

 Case Study 2: Voltage control by series regulator  

 Summary and conclusion 

S
o

lu
tio

n
s
 fo

r V
o

lta
g

e
 C

o
n

tro
l in

 D
is

trib
u

tio
n
 G

rid
s
 



3 

Agenda 

 Traditional and future structure of the distribution 

grid 

 Impacts on grid voltage 

 Case Study: STATCOM operation of  

PV – Central  Inverters  

 Case Study 2: Voltage control by series regulator  

 Summary and conclusion 

S
o

lu
tio

n
s
 fo

r V
o

lta
g

e
 C

o
n

tro
l in

 D
is

trib
u

tio
n
 G

rid
s
 



4 

Structure of the traditional Distribution Grid  

HV 

MV 

LV 

 Straight forward top down 

structure  

 Unidirectional power flow 

from PCC to the loads 

 Unidirectional voltage drop 

 Load balancing basically 

provided by the grid 
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Restructuring of the Distribution Grid  
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HV 

MV 

LV 

 Bi-directional Power Flow 

 Bi-directional Voltage 

Drop across distribution 

lines  

 Long single feeders, 

temporarily unloaded lead 

to increased reactive 

power consumption 

 Highly fluctuating 

renewable power 

generation adds on 

existing volatile load 

characteristics  

increased variability of line 

voltage drop 

Required: dynamic & active voltage control  

     dynamic reactive power compensation (inductive/capacitive) 
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Normative Requirements for Voltage Quality in Germany 

Source: B&W Tech Comp 
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Grid voltage for different load scenarios 
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Restructuring of the Distribution Grid  

Options to control  

the voltage  

Distributed  

Energy Storage 
STATCOM 

Reactive power  

compensation 

Auto-tapping  

transformer 

Series  

Regulator 

inductive capacitive 

Reduction of  

Power Flow 

Rating of  

components 

according  

required  control 

range 
Not adjustible 

(only stepwise) 
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Restructuring of the Distribution Grid  

Options to control  

the Voltage  

Distributed  

Energy Storage 
STATCOM 

Static reactive power  

compensation 

Auto-tapping  

transformer 

Series  

Regulator 

inductive capacitive 

Reduction of  

Power Flow 

Rating of  

components 

according  

required  control 

range 
Not adjustible 

(only stepwise) 
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Benefit of feeding in reactive power  

Transformer (Grid) 

Voltage Source 

Transmisson Line 

(Lossy Line) 

PV Generator 

Current Source 

𝑈1 = 𝑈1 ∙ 𝑒𝑗0 ° 𝑍𝐿 = 𝑍𝐿 ∙ 𝑒𝑗𝜃 𝐼𝑃𝑉 = 𝐼𝑃𝑉 ∙ 𝑒𝑗𝜑 

𝜃 = cos−1
𝑅

𝑋
 

ZPV 

ZL ZT IPV 

U2 U1 
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Benefit of feeding in reactive power  

𝑈2 = 𝑈1 + 𝑈𝑍𝐿 

 𝑈2= 𝑈1 + 𝐼𝑃𝑉  ∙ 𝑍𝐿 ∙ 𝑒𝑗(𝜑+𝜃) 

 𝑈2= 𝑈1 + 𝐼𝑃𝑉 ∙ 𝑍𝐿 ∙  cos 𝜑 + 𝜃 + 𝑗 𝐼𝑃𝑉 ∙  𝑍𝐿 ∙  sin(𝜑 + 𝜃) 

 𝑈2 = (𝑈1 + 𝐼𝑃𝑉 ∙ 𝑍𝐿 ∙  𝑐𝑜𝑠 𝜑 + 𝜃 )² + (𝐼𝑃𝑉 ∙  𝑍𝐿 ∙  𝑠𝑖𝑛(𝜑 + 𝜃))² 

 𝑈2 =  𝑈1² + 2𝑈1 ∙  𝐼𝑃𝑉 ∙  𝑍𝐿 ∙ 𝑐𝑜𝑠 𝜑 + 𝜃 + (𝐼𝑃𝑉 ∙  𝑍𝐿)² 

RE IM 

Optimization Parameter! 

Only cos(𝜑) can be changed to influence Voltage at point of 

common coupling 
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Benefit of feeding in reactive power  

Comparison of STATCOM use in low and 

medium voltage grid: 

• STATCOM has stronger effects when the 

reactance of a power line is high 

• Low voltage grid lines have primarily 

resistance, so the effects of STATCOM are 

limited 

 

Typical Medium and Low Voltage Power Line 

Low Voltage 

High Voltage 

Source: http://www.uni-kassel.de/upress/online/frei/978-3-89958-377-9.volltext.frei.pdf 

Typical power line parameter 

LV 

MV 
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Case Study: STATCOM Operation of PV – Central  Inverters  

Protect.QVAr 

Grid voltage regulation 

• Tech. relevant for distribution 

grids 

• Voltage band violation due to 

reverse power flow 

• Avoidance of expensive grid 

extension measures 

Reduction of reactive 

power consumption 

• Increased reactive power 

demand of distribution grid 

due to renewable energy 

generation 

• Avoidance og high penalty 

payments of DSO 

UHV 

MV 

LV 

HV 

Distribution grid 

long transmission line 

10/20 kV 

+ tolerance 

- tolerance 

with Protect QVAr 

without Protect QVAr 

P 

Q 

SN 0,5SN -0,5SN 
-SN 

SN 

cos  = 0,9 

  26° 

 - 

QVAr Operating Range 

normal           

PV-Inverter  

operation 
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Voltage reduction by three-phase series regulator 

 Transformer with 2 tappings 

 Step less adjustment of voltage by voltage sequence control (VSC) 

 Control range 0 to -8% 

 

230V 

0V … 18V 

230V 

N 

212V … 230V 

Single line equivalent circuit diagram 

Closed loop control 

e.g. voltage control to 

230 V at revers power 

flow 

Case Study 2: Voltage Control by series regulator  
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Grid voltage for different load scenarios 
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Case Study 2: Voltage Control by series regulator  

0.4 kV 

Thyrobox VR 

+3% 

+8% 

+7% 

+5% 

+1% 

-1% 

-3% 

-5% 

-7% 

-5% 

+5% 

-2% 

-1% 

+1% 

+3% 

+5% 

+6% 

+7% 

+4% 

+5% 

+6% 

+4% 

+1% 

+4% 

(+5%) 

(+6%) 

(+8%) 

(+11%) 

(+8%) 

(+10%) (+11%) 

(+12%) 

(+11%) 

(+13%) 

(+12%) 

(+13%) 

(+14%) 

Series voltage controller (Thyrobox VR) 
 

- solves the voltage tolerance issue 

- avoids expensive Grid extension 

 

Intelligent Voltage Control Algorithm 
 

- continuous (without Flicker) 

- automatic control   
(e. g. down to  UN -2% at revers power flow) 
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Case Study 2: Voltage Control by series regulator  

Measurement from Sunday, 09.09.2012.   

 

 
Voltage L1, L2, L3 

 

 

Current L1, L2, L3 
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 Implemented with  

„Stadtwerke Lippstadt“ 

 125 kVA or 250 kVA 

 Efficiency: 99,5%  

at full load 
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Series voltage regulator (Thyrobox VR)  

Case Study 2: Voltage Control by series regulator  

• Continuous voltage control -  no switching required 

• Reliable thyristor technology at efficiencies >99% 

• Space saving design to allow assembly near footways, bicycle paths and roads 
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• The line voltage in distribution grids is more and more exceeding the 

limits of the voltage tolerance band due to high penetration of 

renewable power generation 

• To avoid expensive grid extension several intelligent voltage control 

options are available 

• A STATCOM is an appropriate device to control the voltage in medium 

voltage distribution grids by means of dynamic injection of reactive  

power as requied 

• A series voltage regulator is an appropriate device to control the 

voltage in low voltage distribution grids; specifically in case of long 

single feeders 

Summary and Conclusion 
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Thank you  

for your attention! 


