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BRITTA BUCHHOLZ, MARTIN MAXIMINI, ADAM SLUPINSKI, LEYLA ASGARIEH  – Energy 
systems are undergoing a major transformation driven mainly by higher shares of 
distributed generation. With millions of small and fluctuating generators feeding 
into voltage levels below 132 kV, the need to increase the capacity of distribution 
grids to host distributed generation requires new solutions. Some of these have 
been developed by ABB in collaboration with German grid operators and aca-
demia. The first solution focuses on a smart planning approach that supports grid 
operators in modernizing distribution grids economically over a period of time. 
The next step is innovative distribution grid automation for intelligent secondary 
substations and distribution voltage regulation. And finally, ABB, using asset 
management software such as NEPLAN® Maintenance helps the operator to meet 
tough technological challenges while keeping costs to a minimum.

How to increase the capacity of distribu-
tion grids to host distributed generation

Smarter 
distribution 

Title picture
Solar, wind and biogas plants generate more energy 
than consumed in various regions in Germany.  
The picture shows the village of Freiamt in the Black 
Forest. (Photograph Luca Siermann)



                                      30 ABB review 4|14

then reduce active power by remote con-
trol in case of grid stability problems. In 
August 2014, the new Renewable Energy 
Act became effective, enhancing participa-
tion of distributed generation in the mar-
ket and encouraging a reliable forecast 
of generation [4]. New European network 
codes prepared by the European Net-

work of Transmis-
sion System Oper-
ators for Electrici- 
ty (ENTSO-E) are 
currently in the pro-
cess of becoming 
European law [5]. 
In its “Ancillary Ser-
vices Study 2030” 
the German Ener-
gy Agency, dena, 
says that the very 
high penetration of 

distributed and renewable resources re-
quires a new systemic approach for the 
development of the whole energy system 
over all voltage levels [6]. 

Pilot projects with grid operators and 
academia 1 have resulted in innovative 
solutions from ABB to operate and con-

stabilize voltage and provide reactive 
power from distributed generators, grid 
operators in Germany mainly consider 
two guidelines for compliance to their local 
grid code: 
– The technical guideline from the 

German Association of Energy and 
Water Industries (BDEW) concerning 

the connection of plants to the 
medium-voltage network; the guide-
line is applicable to all generators with 
a capacity of 100 kW or higher [2].

– Compliance with the VDE network-
connecting regulation, VDE-AR-N 
4105, is mandatory for all generators 
with an installed capacity below 
100 kW [3]. 

The German Renewable Energy Act of 
2012 requires all distributed generators 
with a capacity higher than 30 kW to par-
ticipate in the feed-in management of the 
distribution system operator, who can 

T
he capacity of distribution feed-
ers is defined by national or local 
grid codes and current practices 
of distribution system operators. 

However, several factors, such as thermal 
rating; voltage regulation; fault levels; power 
quality; reversal power flow and island-
ing; and protection schemes limit hosting 
capacity and many countries have pro-
posed possible methods of overcoming 
this limitation [1]:
– Changing the topology of the grid, 

grid enforcement and/or new 
 installations

– Short-circuit current as an ancillary 
service

– Voltage regulation and reactive power 
compensation

– Power control of distributed 
 generators

– Adaptation of protection schemes
– Future options such as wide-area 

control, storage, load management 
and active elements

In Germany, the electricity system has 
been designed with high reserve capaci-
ties, meaning many grids can host addi-
tional generation. However, for most 
grids a limiting factor concerning grid 
capacity is voltage level. On top of this, 
fluctuations in wind speed and solar irra-
dia tion lead to fast voltage changes. Under 
these conditions, keeping the voltage 
within defined boundaries and avoiding 
flickers becomes quite a challenge. To 

The high penetration of 
 distributed generation  
puts  increased pressure  
on  maintaining and even 
 increasing reliability and 
 availability.

Footnote
1 In partnership with grid operators such as  

RWE Deutschland AG, Westnetz, E.ON Mitte, 
STAWAG, Stadtwerke Duisburg, Netze BW  
and EnBW ODR, and academia such as  
TU Dortmund and Stuttgart University.

1  Overview of ABB smart grids pilot projects in Germany
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Increasing grid capacity in 
Rhineland Palatinate 
In 2011, RWE Deutschland AG demon-
strated in an award-winning project how 
an active voltage regulator, the PCS100 
AVR, based on ABB power electronics, 
could stabilize voltage levels in the 20 kV 
grid and at 20 kV / 0.4 kV transformer 
stations. By decoupling fluctuations at 
voltage levels of 110 kV, 20 kV and 0.4 kV, 
the capacity of the grid to host distribut-
ed generation was increased significant-
ly, which in turn generated significant 
cost savings for the grid operator mainly 
at the 20 kV level. Between 2010 and 
2013, ABB successfully implemented  
a total of 10 PCS100 AVRs in 20 kV / 
0.4 kV transformer stations [7]. In fact the 
base product AVR is now well estab-
lished on the market and is known for its 
very high power quality in industrial and 
commercial applications. 

The project teams concluded that the 
typical requirements of a distribution sys-
tem operator regarding voltage regula-
tion at 110 kV / 20 kV and 20 kV / 0.4 kV 
transformer stations are lower than those 
of industrial applications and can be met 
with the more economical solution of an 
on-load tap changer. The Power Engi-
neering Society of the German Associa-
tion for Electrical, Electronic and Infor-
mation Technologies e.V. (VDE-ETG) 
recommends distribution voltage regula-
tion as an economically smart asset [8].

Smarter distribution

trol distribution grids with high shares of 
distributed generation in Germany. Some 
of these are described in the following 
sections  ➔ 1.

Tools to handle increasing complexity
In the past, it was easy to calculate load 
flows and voltage levels in a distribution 
system where power was distributed 
from higher to lower voltage levels. 
Nowadays, the grid collects and distrib-
utes energy at the same voltage level, 
making calculations more complex. To 
determine if a generator can be connect-
ed without violating limits, software tools 
are becoming more important for all 
voltage levels. One such tool, NEPLAN  
is being further developed so that plan-
ners can quickly react to requests from 
customers to connect their generators 
to the grid  ➔ 2. This would help post-
pone or even avoid investments in grid 
extension by using the existing infra-
structure to its maximum. However, as 
the infrastructure reaches its limits, 
 asset reliability and availability become 
even more critical. In addition regulators 
are demanding flat maintenance spend-
ing despite grid extensions. Another 
tool, ABB’s Asset Health Center, helps 
grid operators understand the risk of 
failure in each of their critical distribu-
tion assets, avoid asset failures and at 
the same time minimize their mainte-
nance expenses.

FIONA is a remote 
monitoring and 
control unit for in-
telligent secondary 
substations and 
provides enough 
information about 
the 20 kV / 0.4 kV 
transformer with 
only a few mea-
surements.

2  Screen shot of NEPLAN® software

The figure shows a low-voltage grid with a nominal voltage of 400 V. 
There is a substation in the upper-left corner. The background color 
visualizes the voltage range deviations in the grid. The green color 
represents areas where the voltage range is within the allowed 
voltage range. Considering a voltage range of eg, ±10 percent,  
the red color reflects areas which are below or above this value. 
Voltages below 360 V or above 440 V occur in areas which are far 
from the substation and have a high DER infeed and low load or in 
areas with no DER infeed and high load. The voltage deviation is 
due to a mismatch between production and consumption.
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Based on these conclusions, ABB devel-
oped a voltage-controlled distribution 
transformer known as Smart-R Trafo 2 to 
match the requirements of distribution 
system operators  ➔ 3. It is based on an 
economic on-load tap changer that 
changes voltage in five steps and pro-
vides adequate power quality for distri-
bution grids. Smart-R Trafo is expected 
to become a standard asset for distribu-
tion grid operators in Germany and other 
markets.

Monitoring and control in Bavaria 
The high penetration of distributed gen-
eration puts increased pressure on main-
taining or even increasing reliability and 
availability, which in turn affects outage 
time. To optimize assets and reinforce-
ments, information on the measured load 
– rather than assuming an unrealistic 
maximum load or making calculations 
based on the worst-case scenario – be-
comes even more important. To address 
these requirements and further embed 
voltage regulation in a distribution auto-
mation offering, ABB developed a new 
set of solutions as part of what is known 
as the RiesLing project 3 [9].
 
The first, FIONA, is a remote monitoring 
and control unit for intelligent secondary 
substations and provides enough infor-

mation about the 20 kV / 0.4 kV transformer 
with only a few measurements  ➔ 4. Added 
to this is the PCS100 AVR with wide- 
area voltage regulation so that the volt-
age measured at distributed points is 
kept within the allowed bandwidth. 

New predictive operation features were 
developed and introduced into the net-
work control system to predict in ad-
vance congestion on the 20 kV level. 
These features provide the flexibility to 
change topologies or allow customers to 
respond by adapting their consumption 
behavior in the future [10]. 

Smart planning in Aachen and 
Duisburg
Despite the fact that voltage regulation is 
widely acknowledged as an economic 
so lution to modernize the grid, imple-
menting it in standard planning and op-
eration is not so straightforward. For many 
distribution system operators, knowing 
when their grid will reach its operating 
limit is a challenge because they do not 
know the time, size and type of requests 
made to their grids. After the introduc-
tion of the Renewable Energy Act in Ger-
many, many grid operators were overrun 
by a very high number of private requests 
to connect generators with a short re-
sponse time. 

To overcome this barrier and to enable 
quick decisions, ABB has developed the 
“smart planning” approach, which essen-
tially transforms an existing low-voltage 
grid into a smart grid step by step ac-
cording to the current requirements [11]. 

3 The Smart-R Trafo voltage controlled distribution transformerABB’s “smart plan-
ning” approach 
essentially trans-
forms an existing 
low-voltage grid 
into a smart grid 
step by step.

Footnotes
2 Presented at the Hannover Industry Fair in April 

2014. 
3 In partnership with Netze BW, EnBW ODR AG 

and T-Systems.



                                      33

The grids are first classified  using a few 
structural features, such as the number 
of housing units and points of common 
coupling, the radius of the secondary dis-
tribution grid, and penetration of photo-
voltaic systems (PV) in the grid. 

If distributed generation doesn’t reach a 
critical point, the request for connection 
can be granted without further network 
calculations. A grid is classified as poten-
tially critical, then proceeds to the obser-
vation phase where the voltage level in 
the secondary substation is measured. 
By using the grid’s fingerprint (taken by 
measurement determination or a grid cal-
culation) as reference, the voltage level 
of the local grid is estimated. It has been 
validated in various real grids that the 
 estimated (fingerprint-based) voltages  
at the critical point in the feeder and the 
actual measured values in the various 
distribution grids only differ by a maxi-
mum of ±2 V (less than 1 percent). If, 
during this phase, the grid reaches the 
maximum permitted voltage limit, the 
 respective secondary substation has to 
be extended in the next phase with, for 
example, a voltage regulator or a volt-
age-controlled distribution transformer.

Incentive regulation  
Energy market liberalization and the intro-
duction of incentive regulation have in-
creased the pressure on system operators 
to reduce their costs while ensuring a high 
level of service reliability. This means shift-
ing the focus from purely technical issues 
to technical and economical ones. To 
achieve this balance, a maintenance plan 

that fits the used assets as well as the 
network operation is essential.

ABB’s asset management tool, NEPLAN 
Maintenance, is approved software for 
establishing maintenance plans, for ex-
ample, reliability-centered maintenance 
as well as long-term asset simulations.  
A budgeting evaluation tool is available 
that calculates the costs for various 
maintenance strategies.

Distribution systems play a major role in 
the ongoing transformation of energy 
systems. The solutions developed by 
ABB together with German grid operators 
and academia support grid operators by 
technically and economically improving 
their already existing installations. In the 
near future further automated (predefined) 
functions will be able to control primary 
devices to optimize grid operation. 
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