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cord of 331 km/h. Notably, the trains and 
catenary used were closely based on 
equipment that was used in everyday 
service. This demonstrated the safety 
margins of the technology and indicated 
the feasibility of the commercial opera-
tion of high-speed trains. 

Day-to-day speeds, however, remained 
much lower, with the fastest trains 
operating at top speeds of around 
160 km/h ➔ 1. The first commercial train 
that can be considered high speed in the 
modern sense is the Japanese Shink-
ansen. It was inaugurated in 1964 on the 
515 km line between Tokyo and Osaka, 
and initially operated at a top speed of 
200 km/h (increased to 210 km/h the fol-
lowing year). This route is still the world’s 
busiest high-speed corridor, carrying 
more than 360,000 passengers every 
weekday. Today, Shinkansen trains oper-

– Use of train sets rather than conven-
tional locomotive and cars formations. 
These offer better power-to-weight 
ratios, aerodynamic conditions, 
reliability, safety, etc.

– Use of dedicated high-speed lines on 
at least part of the journey. Such lines 
are built to sustain high speeds 
(through their choice of transverse 
sections, track quality, catenary, 
power supply, special environmental 
conditions, etc.) However, one 
strength of high-speed trains is that 
they can also operate on conventional 
lines with certain restrictions [2], so 
reducing the necessary investment or 
permitting a phased introduction.

– Use of advanced signaling systems, 
including in-cab signaling.

Development of high speed trains
As early as 1903, a speed of 210 km/h 
was attained using an experimental 
three-phase electrification in Germany, 
demonstrating the aptitude of electric 
traction for high speeds. In 1955, a se-
ries of tests in France culminated in a re-

T 
he Eurostar service through 
the Channel Tunnel cut journey 
times between Paris and Lon-
don to 2 hours 15 minutes and 

now represents 70 percent of the travel 
market between the two capitals [1]. The 
Madrid-to-Barcelona high-speed link re-
duced intercity travel time to 2.5 hours 
and grabbed 50 percent of the market. 
High-speed trains have scored similar 
successes on the Paris-Lyon, Paris-Brus-
sels and Hamburg-Berlin lines (among 
others). In the wake of these successes, 
governments across the world are seek-
ing to invest in high-speed railways. 

Speed ≥ 250 km/h
High-speed trains can offer numerous 
advantages: These include reduced jour-
ney times, increased frequency, comfort, 
safety, reliability and less environmental 
impact. The International Union of Rail-
ways (UIC) defines high speed as opera-
tions of at least 250 km/h (the maximum 
speed for conventional lines is 200 to 
220 km/h). Typical attributes of high-
speed trains are:

PASCAL LEIVA, MELANIE NYFELER – The importance of mobility is growing. 
It is becoming more and more common for people to travel distances of 
hundreds of kilometers between major cities for work or leisure. This is 
increasing pressure on motorways, railways and short-haul fl ights. Con-
cerns over carbon emissions and congestion of road and air space are 
causing many countries to reassess their transportation policies. Studies 
show that traveling by rail requires a quarter to one-third the CO  of the 
same trip by plane or car . High-speed trains are particularly effective at 
taking pressure off short-haul fl ights and bringing cities closer together. 

ABB is contributing to high-speed trains

On the 
fast track

Footnote
1 The environmental impact of a journey in 
 Europe can be calculated on 
 www.ecopassenger.org.

13,469 km of high-
speed lines are 
 under construction 
and 17,579 km 
are planned. The 
world’s high-speed 
network could 
reach 41,787 km 
by 2020.
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infrastructure for PHEVs (plug-in hybrid 
electric vehicles). And its highly scalable 
ability to store energy is remarkable. At 
present, rated power and storage capac-
ity are typically in the range of 20 MW; 
however, up to 50 MW for 60 minutes 
and beyond is possible with this new 
FACTS technology. And as the price of 
batteries continues to drop, applications 
requiring larger battery storage will be-
come viable, enabling for example multi-
hour storing of renewable power during 
low demand for release into the grid dur-
ing higher demand.
 
Basic mechanisms
The energy storage system is connected 
to the grid through a phase reactor and a 
power transformer ➔ 2. SVC Light with 
Energy Storage can control both reactive 
power Q as an ordinary SVC Light, as 
well as active power P. The grid voltage 
and the VSC (voltage source converter) 
current set the apparent power of the 
VSC, while the energy storage require-
ments determine the battery size. Con-
sequently, the peak active power of the 
battery may be smaller than the apparent 
power of the VSC; for instance, 10 MW 
battery power for an SVC Light of 
±30 MVAr.

As a contingency typically lasts for mere 
fractions of a second, the required back-
up power must be made available for 
only a short time. Similarly, an ancillary 

A 
s the prevalence of renewable 
power grows, increasing de-
mand is being placed on 
maintaining grid stability and 

fulfilling grid codes. ABB’s answer is SVC 
Light  with Energy Storage, a dynamic 
energy storage system based on Li-ion 
battery storage, combined with SVC 
Light ➔ 1. SVC Light is ABB’s STATCOM  
concept, which is connected to the grid 
at transmission as well as subtransmis-
sion and distribution levels. State-of-the-
art IGBTs (insulated-gate bipolar transis-
tors) are utilized as switching devices in 
SVC Light. 

ABB’s SVC Light with Energy Storage so-
lution is designed for industry-, distribu-
tion- and transmission-level dynamic en-
ergy storage applications, focusing on 
those that require the combined use of 
continuous reactive power control and 
short-time active power support. The 
technology enables the independent and 
dynamic control of active as well as reac-
tive power in a power system. The control 
of reactive power enables the subsequent 
control of grid voltage and stability with 
high dynamic response. With the control 
of active power, new services based on 
dynamic energy storage are introduced. 

The energy storage solution can be used 
for load support as well as ancillary grid 
services, eg, regulating power frequency. 
Another promising use is as part of the 

Storage 
for stability
The next FACTS generation

Rolf GRünBaum, PeR HalvaRSSon – one of the challenges of a smart 
grid is ability to cope with intermittent and variable power sources. But 
this is a must, since power sources such as wind and solar are becom-
ing increasingly important. aBB is meeting this challenge through its 
energy storage solutions. The newest member of the aBB faCTS family 
is one such solution, combining SvC light  and the latest battery energy 
storage technology. This “marriage” of technologies enables the 
balancing of power to accommodate large amounts of renewable 
energy. likewise, it can help improve stability and power quality in grids 
with a greater reliance on renewable generation.  

1 an artist’s view of an SvC light  with energy Storage installation. a typical rating of  
±30 mvar, 20 mW over 15 minutes will have a footprint of around 50x60 m.

The technology 
enables the  
independent  
and  dynamic 
control of active 
as well as reac-
tive power in a 
power system.

footnote
1 STATCOM:  Static synchronous compensator, a 

device similar in function to an SVC but based 
on voltage source converters.

2 Basic scheme of SvC light with  
energy Storage

~
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PASCAL LEIVA, MELANIE NYFELER – 

It is becoming more and more common for people to travel distances of 
hundreds of kilometers between major cities for work or leisure. This is 
increasing pressure on motorways, railways and short-haul fl
cerns over carbon emissions and congestion of road and air space are 
causing many countries to reassess their transportation policies. Studies 
show that traveling by rail requires a quarter to one-third the CO
same trip by plane or car 
taking pressure off short-haul fl
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safety and protection features on 
both the AC and DC sides and power-
factor compensation. The inverter is 
equipped with surge protection on 
both AC and DC sides and with grid-
monitoring technology, which is opti-
mized to specific country-dependent 
requirements. Additionally, the ABB 
central inverter can meet present and 
coming grid-support requirements 
with its reactive power-factor compen-
sation, power reduction and low-volt-
age ride-through functionalities. These 
permit, for example, support of the 
grid during network instability. The 
inverter has fieldbus interfaces (Mod-
bus, PROFIBUS, CANopen and Ether-
net) permitting local and remote mon-
itoring and control. 

 Compact and modular design, re-
quiring less space and enabling fast 
and easy installation

 State-of-the-art industrial design, 
leading to high overall efficiency

 Wide range of remote and local 
communication, with one supplier 
for all options

 Life-cycle service and support 
through ABB’s extensive global ser-
vice network, providing rapid sup-
port anywhere in the world 

Inverter design
The general design of the inverter is 
shown in . To be permitted to sup-
ply power to the grid, the installation 
must fulfill stringent demands. This 
is reflected in the inverter’s built-in 

ABB’s new solar inverter, the 
PVS800 series central inverter , 

is designed to be used in both large 
ground-mounted photovoltaic power 
plants and photovoltaic systems in-
stalled on commercial and industrial 
buildings. The modular inverters con-
vert the DC that is provided by the 
photovoltaic modules into AC suitable 
for the grid. At present, the PVS800 
central inverter is available for three 
power ratings: 100, 250 and 500 kW. 

Photovoltaic applications represent an 
extremely demanding market. As costs 
and reliability are important enablers 
to their viability, inverters must not 
only deliver the highest levels of reli-
ability, but are required to be cost and 
energy efficient, compact, long-lasting 
and easy to install. Furthermore, they 
must operate under extreme environ-
mental conditions, coping with con-
siderable temperature and humidity 
ranges. 

To be permitted to supply 
power to the grid, the 
inverter must fulfill
stringent demands.

ABB addressed these demands by 
 developing an inverter based on its 
successful and widely used family of 
industrial drives, drawing on a pletho-
ra of experience and proven concepts. 
The PVS800 central inverters are 
based on a drive platform that is used 
in wind power applications. Whereas 
 industrial drives are typically based on 
two converters connected by a DC 
link, a solar inverter requires only a 
single converter, and also differs in 
terms of its control and protection 
 requirements.
 
The inverters are engineered to pro-
vide reliable operation for at least 
20 years, supported by ABB’s proven 
maintenance and service concepts.

The highlights of the new central 
 inverter product range include:
 Proven technology platform, assur-
ing high reliability and a long oper-
ating life

Solar energy is witnessing a truly stunning growth. Today, about 4,500 MW  of photovoltaic capacity is being 
 installed annually worldwide – a figure that was below 100 MW in 1996 – and this expansion is continuing exponen-
tially. The rapid spread is driven by national incentives: mainly by so-called feed-in tariffs. This combination of 
 environmental and industrial policy is causing the market to grow and hence the cost of photovoltaic modules and 
other components of the photovoltaic value chain to drop. Photovoltaic energy is now rapidly approaching grid 
 parity – the point at which the price per kWh of photovoltaic energy matches that from conventional sources. 

Whereas early photovoltaic applications typically supplied energy to off-grid applications, large arrays of photo-
voltaic panels are increasingly being built specifically to feed energy into the grid. Their grid connection requires 
 efficient, reliable and cost-effective inverters. 

From light 
to power
Presenting ABB’s first solar inverter
Jyrki Leppänen

 The 250 kW PVS800 central inverter, showing its compact and slim design

 Design and grid connection in a system consisting of two ABB central inverters. The inverters 
can handle input voltages of up to 900 V.
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Innovative connections

A conventional secondary low-volt-
age compartment used for the 

control of a switchgear installation 
contains a wide range of discrete 
components. These include push but-
tons, indicator lights, indicator instru-
ments for current and voltage, mea-
surement transformers, intelligent 
electrical devices (IEDs), auxiliary 
 relays and auxiliary mechanical con-
tacts. To make these assorted items 
fulfill their intended functions and 
work together as one protection and 
control cabinet, they have to be wired 
accordingly. However, the topology 
of this wiring varies from application 
to application. The broad range of 
possible functions, components and 
customer demands and specifications 
mean it has until now not been possi-
ble to standardize to any appreciable 
degree. Every cabinet had to be wired 
individually in a time-consuming and 
costly process. 

Rather than individually 
wiring each device to all 
the others, the X-PlugTM 
makes it possible to 
 connect all devices to 
one module.

Furthermore, the broad range of pos-
sible applications leaves little poten-
tial for standardized cable harnesses 
(preconfigured bundles of cables with 
plugs on both ends). The wiring of 
such cabinets can easily acquire a 

ABB has introduced its X-Plug  wiring concept for wiring 
the low-voltage compartments of its ZX family of medium-
voltage gas-insulated switchgear. The new X-Plug module 
simplifies installation and provides the ability to make use 
of standardized cable harnesses. 

A plug for 
simplicity
X-PlugTM wiring technology for the ZX family of switchgear  
Ralf Henke, Sven Wehrmann, Gerhard Salge, Thorsten Fugel

 ZX-family gas-insulated switchgear

spaghetti-like aspect, presenting a 
 potential source of errors and imped-
ing maintenance and modifications.

Now what if all this could be replaced 
by a simpler concept?

The X-Plug  concept 
ABB has introduced a new wiring 
 approach to its ZX family of medium-
voltage switchgear . Rather than 
 individually wiring each device to all 
the others, the X-Plug  makes it pos-
sible to connect all devices to one 
module using standardized cable har-
nesses. The individual marshalling of 
all signals is managed inside the plug, 
and the connection topology has been 

moved from the panel to the inside of 
these plugs .

But is this approach not just shifting 
the wiring problem from the cabinet 
to the plug? No, because rather than 
all devices in the cabinet potentially 
having to be connected to all other 
devices calling for a large range of 
connections, wire lengths and wire 
routings, the equipment now only 
needs to be connected to the X-Plug 
using standardized connectors. As all 
wires coming from the equipment 
now end at the plug’s terminals, this 
reduces the number of wire connec-
tions (X-Plug can save up to 50 wires 
for a ZX2 double busbar panel) and 

 Connection topology: traditional  and X-Plug 
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conventional secondary low-volt-
age compartment used for the 

control of a switchgear installation 
contains a wide range of discrete 
components. These include push but-
tons, indicator lights, indicator instru-
ments for current and voltage, mea-
surement transformers, intelligent 
electrical devices (IEDs), auxiliary 
 relays and auxiliary mechanical con-
tacts. To make these assorted items 
fulfill their intended functions and 
work together as one protection and 
control cabinet, they have to be wired 
accordingly. However, the topology 
of this wiring varies from application 
to application. The broad range of 
possible functions, components and 
customer demands and specifications 
mean it has until now not been possi-
ble to standardize to any appreciable 
degree. Every cabinet had to be wired 
individually in a time-consuming and 

A plug for 
simplicityX-PlugTM wiring technology for the ZX family of switchgear 
Ralf Henke, Sven Wehrmann, Gerhard Salge, Thorsten Fugel

 ZX-family gas-insulated switchgear

spaghetti-like aspect, presenting a 
 potential source of errors and imped-
ing maintenance and modifications.

Now what if all this could be replaced 
by a simpler concept?

The X-Plug  concept 
ABB has introduced a new wiring 
 approach to its ZX family of medium-
voltage switchgear . Rather than 
 individually wiring each device to all 
the others, the X-Plug  makes it pos-
sible to connect all devices to one 
module using standardized cable har-
nesses. The individual marshalling of 
all signals is managed inside the plug, 
and the connection topology has been 

moved from the panel to the inside of 
these plugs .

But is this approach not just shifting 
the wiring problem from the cabinet 
to the plug? No, because rather than 
all devices in the cabinet potentially 
having to be connected to all other 
devices calling for a large range of 
connections, wire lengths and wire 
routings, the equipment now only 
needs to be connected to the X-Plug 
using standardized connectors. As all 
wires coming from the equipment 
now end at the plug’s terminals, this 
reduces the number of wire connec-
tions (X-Plug can save up to 50 wires 
for a ZX2 double busbar panel) and 
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In the last few issues of ABB Review, you will 
have noticed a new look and feel, which is in line 
with ABB’s overall new brand strategy. But it’s not 
just how it looks that is important – it’s also what 
is inside that counts. your opinions matter, so 
please help us to make ABB Review even better, 
by completing a short online questionnaire on 

www.abb.com/abbreview 
Enter by november 30, and you’ll also have the 
chance to win one of fi ve small prizes.  

Help to make ABB Review even better


