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Embedded PC enables flexible,  
integrated control solution
The modular design of TROX air handling units enables them to cover a wide range of challenging 
applications. Flexibility, openness, robustness as well as ease of use and installation are just some of 
the benefits found with the Beckhoff Embedded PC and TwinCAT control platform implemented within 
the integrated measurement and control (MC) solution.

PC-based control technology for smart air conditioning systems
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Since the founding of the company in 1951, TROX GmbH in Neukirchen-Vluyn, 

Germany, has developed and produced components, devices, and systems for 

air conditioning applications, as well as fire and smoke protection solutions. 

The company’s broad expertise in applications for airports, hotels, hospitals, 

shopping centers, office buildings, and sports facilities is particularly evident 

in its X-Cube air handling units, which were introduced in 2012. The central  

X-Cube air handling units are freely configurable and optionally equipped with 

an integrated measurement and control (MC) solution. Due to the flexibility of 

their design, systems with flow rates of up to 150,000 cubic meters have already 

been manufactured. Additionally, with the expansion of integrated MC func-

tionalities in recent years, they are now able to accommodate the company’s 

volume flow controllers and fire dampers, as well.

X-Cubes are available in basic versions for office buildings, sanitary versions for 

hospitals and labs that meet the German AHU Guideline 01 (RLT-Richtlinie 01), 

as well as weatherproof versions for outdoor installation. The modular design 

and minimized wiring through the consistent use of fieldbus technology ensures 

low installation and maintenance cost. X-Cubes can be configured as supply 

units, extraction units, or a combination thereof, and arranged side-by-side or 

on top of each other.

Open control technology for flexible and powerful MC system

The broad functional requirements of the MC solution place high demands 

on the processing performance of the underlying control hardware, as well as 

on the system’s adaptability to the respective operating conditions. According  

The modular X-Cube central air handling  

unit is freely configurable in terms of width 

(612 to 4,896 mm for 1 to 8 filter elements) 

and height (306 to 2,448 mm for 1/2 to 4 filter 

elements).



The standard X-Cube controller is a CX8090 Embedded PC. In applications where more processing power 

or a certified BACnet building controller are needed, a CX9020 can also be used. 
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Nine X-Cubes, configured as air supply and extraction units with highly efficient cross-flow plate heat 

exchangers, ensure perfect conditions in the Buchholz Galerie at all times.

to TROX, PC-based control technology from Beckhoff represented the ideal 

solution. 

Flexibility was one of the major objectives at TROX in the conceptual phase for 

the X-Cube system. Each installation was customized for its specific application 

in terms of its construction and optionally integrated MC technology, and, since 

customer requirements vary significantly, the control technology had to be 

highly adaptable as well in terms of inputs, outputs, and software. The only way 

to accomplish these goals was through the implementation of a freely configu-

rable and programmable system such as that found with PC-based control. This 

approach also delivers the kind of openness needed to integrate the MC system 

into virtually any building management application.

Having a modern communication and wiring concept with bus-based interfaces 

to actuators and sensors was another important objective. Compared with 

conventional systems, a bus-based system could accommodate much more data 

and require significantly less wiring. Accordingly, each X-Cube equipped with 

the TROX controller features a specially developed wiring and connector system 

that makes installation significantly easier.

Embedded PC forms the foundation of integrated  

control solution

The broad spectrum of X-Cube applications ranges from simple air supply and 

extraction units to complex systems that include fire dampers, volume flow 

controllers, and other TROX products. With the modular control system from 

Beckhoff, TROX can now implement the right solution for any set of require-

ments, no matter how simple or sophisticated. At its core is an Embedded PC 

from the CX series – in most cases a CX8090 with a switched Ethernet port. 

If the client requires a certified BACnet building controller or more computing 

power, a CX9020 is used. On the software side, the system uses TwinCAT with 

6
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the XML Data Server, BACnet/IP, Modbus TCP Server, PLC Modbus RTU, and  

SMS/SMTP Server libraries.

Even complex systems rarely require more than 20 physical I/Os such as  

the KL340x or KL440x analog I/O, KL1809 or KL2808 HD Bus Terminals, or 

the EL6201 AS Interface Master Terminal. The fieldbus-based control sys-

tem can handle plenty of data points – larger systems with fire dampers,  

volume flow controllers, and other similar devices can have more than 1,000 

of them.

The compact, modular control system handles all basic functions, such as the 

bus communication with the actuators and sensors, as well as with various mo-

dules (for example, humidifiers). It offers diagnostic functions that permanently 

monitor the components and respond in case of a malfunction. In addition to 

these internal tasks, the Embedded PC supplies a web-based user interface for 

device settings and status checks. The controller’s third task is communication 

with the building management system. 

The most important requirement for designing the TROX control solution was 

the ability to easily adapt the system’s processing power and number of I/Os 

to the customer’s specific needs. For more demanding systems, TROX can easily 

employ a more powerful controller without having to modify the standard soft-

ware. One critical feature of Embedded PCs is their ability to store software and 

settings on a standard SD card. It not only simplifies any necessary controller 

replacements, but also provides an easy-to-handle backup of the unit’s settings 

and diagnostic data.

In the “Buchholz Galerie” shopping center with a floor space of approx. 8,500 square 

meters, nine individually configured X-Cube units handle air volumes ranging from 

6,000 to 44,000 cubic meters per hour. 

Further information:
www.trox.de/en
www.beckhoff.com/building
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Consistent system openness  
in building automation
With 11 facilities and over 1,100 beds, nursing and retirement home operator Anima Care is a major organization in Belgium’s 
nursing home sector. The company was founded in 2007, growing predominantly by acquiring existing facilities. However, since 
2012, the company has built and opened no less than four new projects. Based on experience with different building automation 
systems, Anima Care’s managers decided to focus on a single open platform for the future, leaving room for easy enhancements 
and adjustments, ensuring a high degree of interoperability. The company recently implemented this plan in its newly built  
“Au Privilège” retirement home in cooperation with FixSus, a new Belgian company that specializes in integrated building auto-
mation solutions. 

Designed for future enhancements: PC-based control

Luc Devolder, head of technology Anima Care, knows from previous experience 

that openness cannot be taken for granted in the building automation industry: 

“In the past, we grew predominantly through acquisitions of existing homes, 

which forced us to deal with a multitude of different building control systems. 

In some facilities we were barely able to gain insight into how the technical 

systems worked and how much energy they consumed, due to the fact that 

the systems were closed solutions. This level of diversity also forced us to deal 

with different suppliers all over the place, and the nature of these relationships 

made changes very difficult.” Because of this experience, Luc Devolder wanted 

to install an open building automation system in all his new construction pro-

jects. “I have an industrial background, so this pushed me toward implementing 

the rules I learned there into our building automation systems as well. Together 

with FixSus, we developed a solution that is transparent and essentially makes 

us independent of specific suppliers.” 

Open systems down to the individual components

The “Au Privilège” retirement home, which opened in August 2014 in Haut-

Ittre, demonstrates how this works in practice. The entire building management 

system, from boiler controls to lighting control panels to the access control 

system and the in-house communication system, runs on a single CPU, a  

Koen Verschuere, CEO of FixSus, makes adjustments to the building management  

system on its widescreen multi-touch panel.
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Consistent system openness  
in building automation

Beckhoff CX5020 Embedded PC. Components such as light switches are linked to  

EtherCAT Terminals via conventional wiring. There are some exceptions, though. 

The Modbus-based room thermostats, for example, communicate with the cont-

roller via a serial EL6021 EtherCAT Terminal. 

“If you decide to install an open system, you must implement the concept 

consistently, down to the individual components,” Luc Devolder notes. This 

means that light switches – keeping with the previously mentioned example 

– are normal units that you can buy in any home improvement store, and can 

therefore be replaced at any time. They are not linked to the bus system, do 

not have individual addresses, require no configuration, and are connected via 

standard 24-volt wiring. He continues: “I believe that an open system must, 

most importantly, be easy to use. This means that the I/O units must be easily 

replaceable without having to adapt the entire system.” Anima Care applied 

the same concept to its more complex systems, such as heating and ventilation. 

Even the heating system’s cascade control is not implemented separately, but 

as a fully integrated portion of the building management system. “This requires 

us to pay attention to openness, even for the smallest component. For example, 

all I/Os must be directly controllable from the central PC platform.”

Entire building management system  

on a single flash memory stick

The building management system at “Au Privilège”, which was developed by 

FixSus, is called TIBA, or Total Integrated Building Automation. FixSus Managing 

Director Koen Verschuere explains: “After launching in 2009, we quickly won 

over several large customers who were looking for open systems. The large 

players in the building automation field use proprietary platforms, which ties 

the customer to a single supplier, including all modification and maintenance 

services. We wanted to break this trend. At the time, we tested several open 

systems from the industrial automation field and the Beckhoff Embedded PC 

series, along with the integrated I/O terminal system, looked like the best choice 

in terms of both performance and price.”

The new retirement home has approximately 3,000 I/Os installed in total. “These 

are connected via EtherCAT Terminals with a CX5020 that has an Intel® Atom™ 

processor running Windows CE. Our entire building management system is 

stored on a flash memory stick. This delivers the advantage that a CPU failure 

can be remedied simply by inserting a backup memory stick into the new CPU, 

bringing the whole system back to full operation,” explains Luc Devolder.  

Energy cost savings of up to 50 percent

Another great advantage of the PC platform is the ability to log all statuses, 

which takes about four seconds for this installation. During this time, a server 

at FixSus downloads all the data and uses it to perform various analyses. “Based 

on this data, we can analyze specific functions and make improvements. This 

has enabled us to implement up to 50 percent in energy cost savings, compared 

to similar projects,” explains Koen Verschuere. “Further benefits of the open 

system include our ability to log in remotely, check the current status, and make 

any necessary modifications. Customers who operate several facilities can thus 

administer all of them from a single location or ask us to perform this function 

as a service provider,” Verschuere notes. 

Flexible expandability

To ensure the openness and flexibility of its system, FixSus developed the pro-

gramming and the interfaces of its building management system completely 

in-house. The entire software is contained in modules, which can be reused and/

or modified as needed. “For example, if the client decides to control the parking 

lot illumination with motion sensors, the required hardware can be connected 

relatively easily. The software requires only an additional module,” says Verschu-

ere. These modules can be adapted and enhanced with new features without 

any system restrictions.

Further information:
www.fixsus.be
www.animacare.be

Koen Verschuere, CEO of FixSus, makes adjustments to the building management  

system on its widescreen multi-touch panel.

Ronny Noynaert (Technical Sales Manager, Beckhoff Belgium), Koen Verschuere (CEO of 

FixSus) and Luc Devolder (Technical Head of Anima Care) in front of the “Au Privilège” 

retirement home in Haut-Ittre, Belgium, which opened in 2014 (from left to right).

Anima Care was established in 2007 and currently operates more than 11 retirement 

and nursing homes with over 1,100 beds.

www.beckhoff.be
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Internorm is one of Europe’s largest manufacturers of windows and one of 

the most innovative companies in Austria. It came as no surprise, therefore, 

that managing board member and co-owner Anette Klinger decided to install 

an innovative building automation solution when the company renovated and 

expanded its headquarters building in Traun, Austria. It was implemented by 

ABM Systems, Beckhoff, U::Lux GmbH, and R. Höfler GmbH. 

Stuffy office and manual controls are history

The days are over when employees tried to freshen the stuffy air with porta-

ble fans, or people had to operate the sunblinds manually – with the result 

that one person could see her computer monitor without any glare, but her 

colleague had to turn on the lights because she was no longer able to read 

her printouts. When you walk into the new building or the renovated floors 

of the old office building today, things look very different. You are greeted 

by inviting, open areas that are flooded with light and provide a view of the 

offices, most of which are separated by glass panels. While two coworkers 

are discussing a new project, they don’t even take notice when the blinds 

suddenly descend, because the room stays well-lit – even without artificial 

light. Vertical blinds with daylight-based controls ensure effective and ener-

gy-saving cooling and keep the room temperature at a constant 23 degrees 

Celsius (73.4 degrees Fahrenheit). 

While the employees keep debating their project, visitors enter the large lobby 

on the ground floor of the Internorm headquarters; to welcome them, their 

names appear on the wall via LED projection. The system is also able to project 

various light patterns or videos on the lobby walls. One floor above, Anette 

Klinger welcomes here visitors in the conference room. With the push of a but-

ton on the control unit, an Ethernet telegram is sent to a hidden Embedded PC 

that handles all of the room’s sensors and actuators: The blinds are adjusted to 

darken the room, the lights are dimmed, a screen descends, an LED projector 

is turned on, and the presentation is started. While the old office buildings 

from the 70s and 80s are still being upgraded without interrupting normal 

operations and linked to the new four-story building, the future seems to have 

already arrived in the new and renovated areas. “This is truly a quantum leap,” 

says Anette Klinger, who was able to put her own network’s knowledge to use 

during the project. “All the window, door, facade and sunblind technologies 

are from Internorm or sister companies in the IFN holding.” Examples of these 

state-of-the-art solutions include: heat-insulating Internorm window systems 

of the latest generation with triple glazing, SOLAR+ coating and integrated 

I-tec ventilation with heat exchangers, glass-only elements and XL-sized 

sliding glass doors. 

A building that thinks
The results can be admired in Internorm’s new office building in Traun, Austria. It combines the latest energy-efficiency concepts 
with state-of-the-art office design and intelligent building automation to form an overall concept that sets examples.

Perfect collaboration by four companies leads to a trendsetting office building



Trendsetting control technology

But what good would all this technology do if you couldn’t operate it with 

ease and convenience? That’s why Anette Klinger went looking for a control 

unit that would “look good while featuring optimum operability,” she tells. 

“The user interface was to make both engineers and non-technical people 

happy, i.e. be intuitively usable.” In the end, Internorm found what it wanted 

at ABM Systems. ABM Systems prefers the innovative control panel developed 

by U::Lux GmbH, because it is able to display all building technology compo-

nents such as lighting, sunblinds, heating, etc. and their status. And it does all 

this on the basis of industry standards. “This is the technology of the future,” 

says Gerald Weixlbaum.

A picture says more than a thousand instruction manuals

How do you actually develop the technology of the future? “The idea arose 

when a coworker of mine planned to build his new house,” says Klaus Haber, 

General Manager of U::Lux GmbH. “We researched the control panels that 

were available on the market, but couldn’t find anything that met our needs. 

That’s why we decided to develop our own. After determining that it would 

need a graphical screen, we looked at bus systems.” At the Power Days trade 

show in Salzburg, Haber established contact with Beckhoff. “At the time we 

didn’t know that Beckhoff offers such a large variety of bus terminals, which 
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The new Internorm building, which was designed by ISA Stein Architects in Linz, 

combines the latest energy-efficient building automation systems with state-of-the-

art office design.

The u::Lux control panel is as attractive 

as it is user-friendly.
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He appreciated the device’s multifunctionality, its intuitive operability, the 

system’s openness, and the ability to adjust the menu controls. “One of the 

largest benefits is that you can create room profiles for each individual user,” 

says the facility manager. 

TwinCAT modules make for easier programming

All room functions can nevertheless be fully automated. Integrating the u::Lux 

panel into controllers is easy, thanks to its various communication modes. 

These include the u::Lux Control Protocol (UCP), which transmits all data in a 

single package, or the u::Lux Message Protocol (UMP), which sends or receives 

a short message for each action. Beckhoff’s TwinCAT automation software 

provides the basis for the controller and handles the data traffic with the 

u::Lux panels. “There are currently two PLC libraries for TwinCAT,” explains 

Klaus Haber. They provide function blocks that can be used to control the 

u::Lux components, and u::Lux Config can be instructed via the product prop-

erties to generate a list of constants and variables. This file is then integrated 

into the TwinCAT programming environment. 

One system, many possibilities

The more than 600 Internorm employees in Traun appreciate the new facilities, 

but some are still getting used to the modern building controls. “The fact that 

the system is not static but requires occasional adjustments can be a cause 

of irritation for some people, for example when the blinds suddenly move 

The new cafeteria is open around-the-clock. 

is what a building automation system needs. That’s how our cooperation with 

one of the leading control system manufacturers came about.” 

A brand that instills trust

The Beckhoff brand’s reputation was what ultimately shaped Internorm’s 

decision to install this new product. “The fact that is was backed by such 

a large company was very important for us,” explains Mario Winter, Facility 

Manager at Internorm. “We are familiar with Beckhoff from the systems we 

use to automate our window production lines, and we know that they are a 

reliable partner. Accordingly, we believed that their building automation solu-

tions would be no different. If the system had been backed by an unknown 

company, Internorm would not have selected it,” says Winter. “But not be-

cause we didn’t like the product,” adds Anette Klinger. On the contrary: “This 

panel really stood out. When functionality is paired with good looks, you get 

perfection. But financial aspects also play a role when you have such a large 

project. We expect this solution to last for at least 20 years, which is why we 

wanted a partner we can depend on for the long term.” With electronics, adds 

the Internorm owner, it is important to invest in something that will continue 

to work well a few years from now when it is no longer state-of-the-art. 

Functionality that impresses

“The control panel’s functionality convinced us as well. The various levels 

you can program were what impressed me the most,” says Mario Winter. 
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up although the sun is out and there is no wind,” explains Anette Klinger. 

The lighting and temperature controls required some modifications as well. 

“Accordingly, we are in constant communication with ABM Systems to per-

fectly adjust the entire system to the users’ needs,” explains facility manager 

Mario Winter. “The solution is not static or rigid, but grows along with the 

people’s individual requirements,” says Gerald Weixlbaum of ABM Systems. 

For example, it also provides the option to integrate intercom facilities, audio 

and video as well as an alarm system into the building automation controls. 

“All of these features deliver huge benefits to the facility management and 

protect the employees,” says Mario Winter. 

Shared objective: Perfection

The cooperation between Internorm, the architects and the executing compa-

nies was characterized by exceptional flexibility. “The whole implementation 

of the project worked perfectly,” says Gerald Weixlbaum. The architects’ idea 

to install the entire technology with more than 2,000 data points in overhead 

cabinets, for example in copier alcoves, was a clear sign that all parties pur-

sued the same goals. Christian Pühringer of R. Höfler in Linz, the company that 

was in charge of all heating and control systems, is another person who is 

convinced that the successful execution of the project is mostly the result of 

good cooperation: “We as a general contractor can control the entire system 

remotely from our offices, but ABM and Beckhoff can access it as well. This 

is a major benefit.”

Further information:
www.internorm.com
www.abm-systems.com
www.u-lux.com
www.r-hoefler.at
www.beckhoff.at

IFN/Internorm Executive Anette Klinger and Isa Stein of ISA STEIN Studio für Kunst 

und Architektur, Linz (f. l. t. r.)

The open central office areas support creative processes by providing spaces where 

people can get together and communicate.
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Fast data transmission for 
880 meters of light strips

Embedded PC and EtherCAT control LED lighting system of Hall 3A at the Nuremberg Exhibition Centre

Soft, fade-in color changes or displays of corporate logos are merely a few button presses away for  
Wolfgang Hartmann and their LED lighting system in the new Hall 3A at the Nuremberg Exhibition Centre. The 
enormous quantities of data required for the representation of 16.7 million colors are handled by a Beckhoff 
Embedded PC and transmitted over EtherCAT.

Beginning in spring of 2014, the Nuremberg Exhibition Centre featured a 

new highlight: the new, elegant steel and glass designed Hall 3A. Renowned 

London-based architect Zaha Hadid Architects is responsible for the impressive 

architecture, which sets milestones for technology, energy efficiency, and visual 

effects. Two sides of the floor-to-roof glass façade are equipped with modern 

LED lights, put into operation in June 2014. A CX5020 Embedded PC controls 

a total of 78 EtherCAT Terminals to ensure that the right color appears in the 

right place at the right time. These terminals distribute the control signals in 

real-time to the 105,600 LEDs with millisecond cycle times. RGB LED tubes, 

each barely eight centimetres long, are mounted on the façade in eleven rows 

of about 880 meters in length. 

Challenge: Fast data transmission

From the outset, Nürnberg Messe, operators of the Nuremberg Exhibition 

Centre, wanted to animate the dark glass façade of Hall 3A with light. The 

hall acts as a visual hinge between the buildings to the east and the south. 

In the project implementation, the work mainly focused on the complex 

task of controlling the LED light tubes. The exhibition company’s demanding 

specifications included, for example, programmable lighting scenes in RGB 

colors, time-dependent color transitions with slow fade-ins and fade-outs, as 

well as operation by means of an iPad. It sounds simple, but it actually places 

extremely high demands on the technology. More than 16.7 million color com-

binations per LED segment have to be distributed to around 60 substations 

and 105,600 LED tubes in four milliseconds via a bus with a length of more 

than 1,000 meters.

In the tendering process, Lorenz Sprang from the project planning office iTectum 

was the most convincing with his Beckhoff control solution and was awarded 

the contract. Although Sprang was already well acquainted with Beckhoff 

controllers in building automation, this was new territory both for him and 

for Beckhoff. “Where real-time solutions are concerned, Beckhoff is mainly at 

home in machine control. To that extent, this was a special project for us,” said 

Wolfgang Negele from the Beckhoff branch office in Nuremberg, who supported 

Sprang. Such high data volumes and speed requirements are not common in 

building automation, which is usually concerned with the control of shading, 

lighting, or air-conditioning equipment. “The great challenge was thus to find 

out how to transfer so much data in such a short time over such a large dis-

tance,” added Sprang. 

Beckhoff and iTectum cooperated very closely on this project. The project had 

been completely calculated on a theoretical basis, and though it was regarded 

as feasible, no practical reference values existed and a pilot project could not 

be built and tested. “iTectum specified the configuration and the ball was then 

in Beckhoff’s court with regard to speed, the controller and data distribution,” 

Wolfgang Negele related.

Color transitions in a wide spectrum

The Nuremberg Exhibition Centre is delighted not only by the large variety of 

possible scenarios, but also by the simple operation. Wolfgang Hartmann, tech-

nical project manager at NürnbergMesse, can dial in to the control computer 

with his iPad and step outside in front of the façade of Hall 3A while still cont-

rolling the array. “We at NürnbergMesse want to market the façade illumination 



Published in PC Control 04 | 2014       worldwide | germany 15

Further information:
www.nuernbergmesse.de/Halle3A
www.itectum.com
www.beckhoff.com/EtherCAT

Wolfgang Hartmann (left), Nuremberg Exhibition Centre, and Lorenz Sprang, iTectum, 

worked closely together in order to implement the demanding control solution.

Control cabinet of the LED lighting system with the CX5020 Embedded PC (bottom) 

and the associated EtherCAT Terminals.

in future, so we can devise color scenarios together with the customer to match 

the events or trade shows in question.”

The operation is actually very simple: the appropriate RGB values can be selec-

ted for each line on the color selector and the RGB color value entered. In total, 

16.7 million combinations of red, green and blue are used to represent all the 

color variations of the rainbow. The schedule for the switch-on and switch-off 

times can be stored in a configuration matrix. This enables the operator to plan 

and define scenes in advance for trade shows and other events.

The defined colors are prepared by a light design program and sent to a 

Beckhoff CX5020 Embedded PC via 12 DMX universes (lines), each with  

512 channels. “However, DMX works relatively slowly with a data transmission 

rate of 9,600 Baud and only enables the control of up to 170 RGB channels per 

DMX universe. Therefore, the data are converted to the much faster EtherCAT  

industrial Ethernet system for transmission and subsequently converted back 

into DMX signals. Apart from considerably lower wiring costs and higher flexi-

bility, this is also advantageous with regard to maintainability, troubleshooting, 

and extendibility,” according to Lorenz Sprang. 

EtherCAT enables maximum system speeds  

The PC controller transmits new data with each DMX cycle, so that the resulting 

brightness or color gradations can be relatively small. 13 ms is the cycle time in 

which a DMX protocol with 512 bytes is cyclically transmitted. If the controller 

cannot manage the calculation of new data within this time, it can only trans-

mit again in the next cycle, i.e. after 26 ms. “You do notice this outside when  

dimming, because then the LED system begins to stutter,” explained Lorenz 

Sprang. “The challenge in this project, therefore, was to ensure extremely fast 

control of the LED tubes and very high data throughput.” 

This is precisely where EtherCAT, with its short transmission times, plays to 

its strengths. The CX5020 Embedded PC provides the control signals that the 

CU1128 EtherCAT star hub transmits in real-time to 50 DMX master blocks 

(EL6851 EtherCAT Terminals) in the glass façade. These convert the data back  

into DMX information again and distribute them to the 11 individual LED 

strands. “We manage in 4 to 6 milliseconds to take up 12 x 512 bits, to  

calculate them internally and distribute them across 50 substations more than 

500 m away, to convert them there and output them again as DMX. That’s a 

demanding amount of data in the world of automation,” emphasized Wolfgang 

Negele. Also, Lorenz Sprang added, “For that reason, the use of EtherCAT as the 

fieldbus system proved to be the key benefit, because with it, we can reach the 

high overall speed that was needed.”

The new Hall 3A at the Nuremberg Exhibition Centre sets visual highlights with its 

LED light strips – here in red and blue.
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Using the e2watch energy monitoring system, energy consumption data is made 

available on the Internet to building users, as well as to interested members of 

the public in a freely accessible area. This transparency makes building users 

more sensitive to the need for more economical use of energy resources. Via an 

internal work area, building managers receive extended detailed evaluations, 

from which malfunctions or increased consumption can be identified and ana-

lyzed in detail, allowing for prompt resolution of the particular issue.

e2watch leverages extensive application experience

The city of Aachen has maintained its keen focus on energy monitoring since 

the prior project, E-View, started in 2007. The new e2watch system is positioned 

as a replacement for E-View, with data migration currently in progress. Markus  

Lehmenkühler from the energy management department of the city of  

Aachen comments: “The success of our energy monitoring concept is clearly 

demonstrated by energy cost savings of approximately 600,000 euros since 

2007.” Currently, about 200 properties are connected to the energy monitoring  

Optimized energy management in public buildings requires acquisition of information about the consumption of water, electricity 
and heat resources at the shortest possible intervals through energy monitoring. With this in mind, the Aachen urban region in 
Germany (StädteRegion Aachen) has followed an example set by the city of Aachen. Together with the city of Aachen’s owner- 
operated municipal enterprise for building management and the IT service provider, regio iT GmbH, the e2watch monitoring 
system has been implemented to establish enhanced energy monitoring. This technology is based on an integrated data logger 
solution from Beckhoff Automation.

PC-based control drives convergence of 
energy data acquisition and “Big Data”

Embedded PC with TwinCAT 3 as the efficient core of an integrated data logger solution

worldwide | germany       Published in PC Control 04 | 2014
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system, including schools, childcare facilities, administration buildings, swim-

ming pools, and other sports facilities. Energy monitoring via e2watch will 

initially be operated until the end of 2015, focused on selected properties in 

municipalities belonging to the urban region, with the goal of gaining experi-

ence with the new technology. Connection to further properties is on the agenda 

in coming years.

The connected properties encompass a total of 1,000 measuring points, 

broadcasting data at 15 minute intervals. Adding up to an immense volume 

of information, the system collects around 100,000 data records per day, with 

each consumption meter obtaining a data volume of 200 bytes. This provides a 

comprehensive basis for analyses, fault finding, consumption forecasts, and – in 

the long run – for the identification of optimization potential.

Markus Lehmenkühler describes the requirements necessary for the successful 

implementation of such energy monitoring systems: “The very short measuring 

intervals required for energy monitoring can be achieved only through automa-

ted data transmission and data preparation. This also includes the simple con-

nection of consumption meters via the established M-bus protocol, the decentra-

lized buffering of energy data on-site, and reliable data transmission to regio iT.”

Decentralized data logger with Embedded PC for BDM connection

Acquisition, storage and forwarding of the data is implemented via decentra-

lized data loggers in the respective properties. These are supplied by Beckhoff 

as an integrated solution, considerably reducing on-site installation expenses. 

A CX-series Embedded PC running TwinCAT 3 automation software forms the 

core of each data logger. The KL6781 M-bus master terminal is used for the 

convenient integration of the consumption meters into the control technology. 

In addition, the data logger can be simply connected and commissioned via the 

e2watch portal without special TwinCAT knowledge; therefore, no programming 

work is required.

The data logger acquires the measured data on-site, buffers them locally, and 

synchronizes the information at freely configurable times with the e2watch 

system at regio iT. In case of concrete fault diagnoses, there is also an option to 

directly initiate the data transmission. Markus Lehmenkühler comments: “The 

data are transmitted from the data logger to regio iT, where they are prepared 

and stored in a Big Data Management system (BDM) as the basis for the 

e2watch energy monitoring system.”

The standard OPC UA (Unified Architecture) protocol with integrated security 

is used for data transmission to the BDM. As an OPC UA client, the controller 

pushes the information via a Microsoft SQL database into regio iT’s BDM for 

further analysis. On the client side, i.e. on the Embedded PC of the data logger, 

TwinCAT 3 PLC is used (for the logic) with a PLCopen-standardized OPC UA 

Client (for the data transfer) and database server (as the local buffer). TwinCAT 3  

runs with an OPC UA server on the server side at regio IT.

Published in PC Control 04 | 2014       worldwide | germany

Mit dem Monitoringsystem e2watch lassen sich die in der Cloud gespeicherten 

Energiedaten komfortabel analysieren.
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Efficiency, security, and flexibility assured

According to Markus Lehmenkühler, PC-based data logging offers numerous ad-

vantages in practice: “First, we benefit from the complete system from a single 

supplier. Accordingly, this makes the installation simpler, eliminates additional 

wiring work, and minimizes error frequency. Second, PC Control from Beckhoff 

offers an industry-proven, powerful, adaptable, and freely programmable sys-

tem. Thanks to TwinCAT 3, we have benefited from object-oriented program-

ming in the development of the application. This applies to the implementation 

of the M-bus protocol and the different, but nevertheless very similar, meter 

variants, because the similarities can be mapped very efficiently through object-

oriented programming practices.”

In addition, data security is similarly important. OPC UA offers the option of se-

cure data transfer, standardized according to IEC 62541. The connection requires 

“only” a router with a NAT and/or SPI firewall; the connection technology used 

(DSL, ISDN, analog) is irrelevant. Further VPN connections are not required, so 

there are no additional hardware costs or administration tasks.

Markus Lehmenkühler views the high flexibility of the PC-based data logger 

as a further benefit: “The original M-bus data loggers had much poorer 

remote maintenance options and were rather inflexible. If necessary in the 

context of the system migration, however, even their reduced functionality 

can be mapped and enriched with added value as required using TwinCAT.” 

Measuring intervals of almost any desired length can be stored locally with 

the Embedded PC. Over 100,000 measuring cycles, each with 40 measuring 

points, were stored without problem in tests. Such a high-performance buffer 

is particularly important in Markus Lehmenkühler’s view; no measured values 

are lost, even in the event of an interruption in the connection between the 

measuring point and BDM.

The data logger used in Aachen, Germany is approx. 40 cm in height and width, requi-

res little space, and can be installed as an integrated solution with minimal effort.

worldwide | germany       Published in PC Control 04 | 2014

Further information:
www.e2watch.de
www.regioit.de
www.beckhoff.com/TwinCAT3
www.beckhoff.com/urban

Across Germany there are potentially between 5,000 and 10,000 single-purpose buildings 

that are suitable for Smart Energy concepts with Cloud connectivity such as e2watch.
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One control system 
for all building systems:
Integrated, PC-based 
building automation 
from Beckhoff.

www.beckhoff.com/building
With integrated building automation from Beckhoff you can implement a PC-based control solution 
that already meets the requirements of energy effi ciency class A. All building systems are controlled 
with an integrated system. Functional changes and extensions are implemented based on software, and 
synergy effects are fully utilised. The result: up to 30 % energy savings potential for new buildings and 
refurbishments.

Microsoft Technology Center, Cologne:
Integrated building automation
achieved using PC- and EtherCAT-based
control from Beckhoff.
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The new Center for Virtual Engineering (ZVE) is designed to be as innovative as the research work conducted 
inside. The flexible, all-encompassing building automation system enables a myriad of possible uses and fa-
cilitates significant overall energy savings. The complex automation concept was implemented by Herrmann 
GmbH & Co. KG, system integrators who were able to react optimally to changes during the planning and 
construction phase by employing open control technology from Beckhoff.

PC-based building automation at the Fraunhofer IAO Center for Virtual Engineering

The open atrium of the ZVE with its deliberately placed con-

necting stairs creates a close interrelationship  

between the different working levels and considerably re-

duces vertical communication barriers.©
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Open and flexible control technology  
facilitates innovative, efficient  
building implementation and design



 

of the ZVE, due to the wide diversity of the work areas. Martin Balb, head of 

building management at Fraunhofer IAO, explains: “Our concept of interlocked 

office areas extends from the classic cellular office and team offices to group 

offices and open office areas. One can bring the appropriate specialized groups 

or multidisciplinary teams together as required. Above all, it is important to react 

as quickly as possible to individual work requirements bringing together the right 

employees and the appropriate office functionalities.” Michael Falkenstein, build-

ing automation team leader at the system integrator Herrmann, adds: “In order 

to successfully implement this level of flexibility in terms of building services, it 

was enormously important for restructuring to be possible at any time. Therefore, 

we entirely eliminated  hardwiring. Two CX5020 Embedded PCs control all the 

functions on each floor. The I/O data points are connected and networked with 

BK9050 Ethernet Bus Couplers via corresponding Bus Terminals located in the 

wall cladding. The entire lighting technology is integrated flexibly by the bus sys-

tem via the DALI standard. Therefore, no limits are imposed with regard to pos-

sible restructuring of control areas that would need to be adapted accordingly.”

Open control system unites heterogeneous building systems

For Heinz Kühner, the main argument in favor of PC Control from Beckhoff was 

the openness of the system: “Due to the number of partner companies, it was 

clear during the planning phase that many different bus systems needed to be 

covered. PC Control, as an open control technology, has made this possible in an 

ideal way,  being inexpensive and without complex special solutions. In addition, 

the system integrators at Herrmann not only have extensive backgrounds in 

building automation and control technology, but also many years of experience 

with Beckhoff technology.”

This was an area in which Michael Falkenstein was able to apply his knowledge 

to a particularly large extent: “None of our previous projects needed so many 

different bus systems as had to be integrated into the ZVE building. For example, 

the proprietary and quite sophisticated bus for the electrically adjustable win-

dows had to be integrated. We implemented this with a special LON gateway, 

which, in turn, was implemented simply into the Beckhoff system via the KL6401 

LON Bus Terminal. Overall, the heterogeneous automation technology was very 
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The Stuttgart, Germany-based Fraunhofer-Institut für Arbeitswirtschaft und 

Organisation (IAO) [Institute of Industrial Engineering] deals with current issues 

regarding workplaces and the people that work there. The scientific knowledge 

of the IAO, particularly in the fields of virtual engineering and workspace inno-

vation, flowed continuously – for example, as a digitized planning and building 

process, as well as 3D visualization in Virtual Reality – into the design of the 

Center for Virtual Engineering, which opened in June 2012. The building houses 

researchers and engineers from various disciplines who work on these technol-

ogies, as well as on innovative work and office concepts.

Modern building employs the latest and greatest in building services

The office and laboratory areas in the ZVE are arranged on four floors and cover 

over 3,200 m² around an open atrium, so the conventional strict separation of 

laboratory and office areas is eliminated. In fact, the primary functional areas of 

the scientific work – laboratory, office and meeting – are spatially interlocked 

so that walking distances are minimized, optimizing communication within the 

teams. The daily workplace is not a particular office or laboratory, but is selected 

at the time of use according to the current tasks and resource requirements. The 

further one gets from the open core of the building interior, the quieter it gets 

in the individual areas, in order to enable employees to concentrate on their 

work. In addition, the use of the office workstations becomes more flexible 

with each higher floor.

Just as cutting-edge as the building itself is the energy technology contained 

within, as Heinz Kühner, building officer of the Fraunhofer IAO for the ZVE 

project, explains: “Our energy concept is based on a geothermal system that 

employs several 170 meter long geothermal probes for the recovery of renew-

able energy from underneath the Earth’s surface. This is supplemented by heat 

exchangers and ceilings with activated concrete cores for cooling and base load 

heating. In addition to water-filled pipes, there are also air-filled plastic balls in 

the ceilings. The hollow decks of the ceilings reduced the amount of concrete re-

quired and thus the static load in favor of larger spans and column-free spaces. 

The tank for the sprinkler system is used as energy storage for waste heat from 

the building, e.g. from the computer rooms or the high-performance projectors 

in the Virtual Reality laboratories.”

Complete building automation exploits all available  

efficiency potential

The comprehensive building automation system leverages over 7,000 data 

points to control heating, cooling and ventilation, as well as light, shading, 

and individual room control according to current needs. In addition, an energy 

measurement and monitoring system analyzes the effects of these control 

measures. This creates an ideal base line to enable the most energy-efficient 

building operation possible. The success of the numerous innovative aspects 

installed within the building infrastructure – from noise insulation by means 

of absorption materials for low-frequency noise components, the control of 

the LED lighting technology, depending on occupancy, daylight and workplace, 

and the monitoring of the air quality by CO2 concentration – is validated by the 

Gold Certificate of the Deutsche Gesellschaft für Nachhaltiges Bauen (DGNB) 

[German Sustainable Building Council]. 

Moreover, the open, PC-based control technology from Beckhoff offers the 

advantage of very high flexibility, which is indispensable for the high demands  
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Eight CX5020 Embedded PCs are used as floor controllers in the ZVE.



The Center for Virtual Engineering in Stuttgart, Germany offers a highly modern environment for research into innovative workplaces and processes.
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quickly and flexibly implemented with PC Control. The powerful System Man-

ager in Beckhoff’s TwinCAT software delivered numerous advantages, including 

facilitating a simple and efficient integration of the bus systems and even our 

own complex HVAC library. Such complex projects can typically only be imple-

mented at reasonable expense when using the wide range of Bus Terminals 

from Beckhoff.” The integration of media technology via the TwinCAT Crestron 

Server, which is also planned for the ZVE, has already proven viable in earlier 

projects. This is scheduled for implementation in the larger meeting rooms and 

the 3D interaction lab.

Martin Balb sees further advantages in the openness of the system: “There were 

also some changes in the continuous planning and building process due to 

technological advances. For example, LED lighting technology was not available 

in a practically usable form during the planning stages in 2006. With an open 

system such as PC Control, we were able to adapt to these dynamically chang-

ing requirements. Without it, all the bus systems would probably have had to 

run in parallel, with immense expenditure for installation, commissioning, and 

maintenance.”

Complete PC-based measurement and control technology

System integrators Herrmann & Co. have implemented the complete measure-

ment and control technology of the ZVE with PC Control, i.e. heating, ventilation, 

and cooling systems, as well as individual room control or lighting and shading. 

Eight CX5020 Embedded PCs are used as floor controllers, an additional four 

CX5020s as controllers for geothermal energy, heating/re-cooling, weather 

station and plant control, as well as two CX9010s for DMX floor control. A total 

of 56 BK9050 Ethernet TCP/IP Bus Couplers serve as data collectors for digital  

I/Os and window contacts, as well as EnOcean and DALI components. Two 

further BK9050s acquire the information from the electrical sub-distribution 

system. All these data are then stored on a server of the building management 

system (BMS), available to the plant management, the energy measuring sys-

tem, and the web-based energy monitoring in “atvise”, each of which was also 

implemented by Herrmann.

The communication systems employed are real-time Ethernet as the controller 

network, OPC UA for communication with the server and as the MBE network, 

DALI for the lighting control, EnOcean for the motion sensors and the tempera-

ture/brightness measurement, LON for the control of the windows and DMX for 

the control of lamps and light effects. Michael Falkenstein explains: “There are 

a relatively large number of controllers in operation in the ZVE that constantly 

communicate with one another. This results in a very high data volume, which 

can be easily handled by real-time Ethernet. In addition, we have been using this 

communication system for quite some time, and are therefore well-acquainted 

with its advantages. These include multicast functionality, reliability, and simple 

handling. The decision to use OPC UA was also an easy one to make, because 

only this protocol offered the necessary functionality for the integration of 

visualization and energy monitoring at the start of the planning. A further 

advantage was that the OPC UA variable is already directly instanced in all 

the function blocks for individual room control, which reduced the engineering 

work immensely.”
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Automation topology  

of a ZVE floor
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Further information:
www.iao.fraunhofer.de
www.herrmann-leittechnik.com
www.beckhoff.com/building
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Automation enables comfortable and energy-efficient  

building operation

The CX5020 floor controllers handle the main tasks to ensure more energy-effi-

cient building operation, i.e. individual room control, including light and shading 

control, as well as room conditioning and primary energy supply. At the same 

time, attention was paid not only to the minimization of energy requirements, 

but also to higher convenience in use. Thus, the rooms are optimally automated 

with occupancy sensors, as well as daylight and workplace-dependent lighting 

control. If necessary, the heat input of sunshine can be used to save energy by 

raising the external sun blinds; the internal glare protection prevents excessive 

window glare in the workplace. Furthermore, the building automation can 

control all windows in relation to the internal temperatures, for example, in 

order to air the building in the early morning during the summer months and 

thus achieve pleasantly cool temperatures at the start of working hours without 

additional cooling power required. The priority is always placed on the office 

user, who can then manually change the automatically preset values at the 

workplace as he or she desires.

From left to right: Michael Falkenstein, building automation team leader at Herrmann, 

Heinz Kühner, building officer of the Fraunhofer IAO, Oliver Heilig from the Beckhoff 

branch office in Balingen, Germany, and Martin Balb, head of building management 

at the Fraunhofer IAO, in front of a control cabinet for the HVAC equipment in the 

basement of the ZVE.
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The Park Hotel Vitznau, situated on the shore of Lake Lucerne, combines a his-

toric building with state-of-the-art, holistic building automation.

PC- and -BACnet-based  
building automation boosts efficiency  
and comfort behind historic walls

Intelligent building controls in the Park Hotel Vitznau

Housed in a 110-year-old building complex situated directly on the shore of Lake Lucerne in Switzerland, the 
Park Hotel Vitznau combines a historic setting with the equipment and range of services offered by a modern 
5-star luxury hotel. The advanced building automation from Beckhoff, with over 100 Embedded PCs networked by  
BACnet, is largely responsible for the ability to efficiently configure the complex building operation with maximum 
comfort for the hotel and event guests.



Following three and a half years of extensive renovation work, during which the 

technical building infrastructure was also brought up to the latest standards, 

the Park Hotel Vitznau opened its doors again in March 2013. The complexity 

of the property (which is subdivided into four “houses”) and the building auto-

mation, is shown by the wide range of services alone: 47 suites in six different 

topical “galleries”, which include the music, theater and finance galleries, are 

supplemented among other things by two restaurants, six wine cellars with over 

30,000 bottles of wine and a large spa area as well as numerous event rooms. 

Even a doctor’s practice is integrated into the facility.

Versatile functions of room and building automation

PC-based control from Beckhoff is the basis for all functions in the secondary 

area of the technical building infrastructure implemented by the Swiss system 

integrator, Panthek. Connected to the primary systems for heating and ventila-

tion as well as to the higher-level building management system, 108 CX5010 

Embedded PCs with Intel® Atom™ processors (1.1 GHz) operating as BACnet/

IP servers and clients provide the necessary data communication and control 

for the automation tasks, which include, but are not limited to the individual 

suites, the two hotel restaurants and the spa/medical area as well as in the floor 

distributors and for the two weather stations.

Within the scope of room automation, the lighting, blinds, air conditioning and 

suite controllers can be adapted individually. In addition, there is the switching 

on and off of under-floor and mirror heating, especially in the bathrooms. Prima-

rily, four lighting effects – i.e. the lighting scenarios “dark”, “medium”, “bright” 

and “off” – can be selected in the rooms. Additional special and color effects 

are used, for example, in the bar or in the relaxation room of the spa area. The 

lighting is controlled using the DALI standard via the KL6811 Bus Terminal which 

is connected to the PC-based control system.

Higher-level reactions are possible via the hotel reservation system. Thus,  

24 hours before the guest arrives, the room is raised from the energy-free mode 

to the comfort mode, for example, a pleasant temperature is set and the valves 

for the water supply are opened. The booking system, which is linked to the 

control technology via the TwinCAT Database Server and TwinCAT FIAS Server 

running on a C6920 Control cabinet Industrial PC, also enables the pooling of 

several suites. For this, connecting doors are automatically unlocked and tele-

phone, doorbell and master switch are forwarded accordingly. 

Similarly, the information from the two weather stations is evaluated centrally. 

The information is, used among other things, to retract the sun awnings in case 

of strong wind gusts and to close the windows in case of rain. Nevertheless, 

sufficient leeway remains for individuality: even if the horizontal awnings are 

retracted for safety reasons, the additional vertical blinds can still be operated 

via the room automation. The automatic shading of the individual facade sides 

is an additional function of the weather stations equipped with Embedded PCs. 
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PC- and -BACnet-based  
building automation boosts efficiency  
and comfort behind historic walls



Openness and flexibility thanks to modular I/O system  

Over 100 Embedded PCs and around 90 BK9100 Ethernet TCP/IP Bus Couplers 

acquire approximately 10,000 I/O data points in the Park Hotel Vitznau. A 

total of more than 1,600 Bus Terminals are connected to them. These include 

numerous:

– KL1408 or KL2408 8-channel digital input and output Terminals (24 V DC),

– KL2761 1-channel universal dimmer terminals (230 V AC, 600 VA),

– KL3208 8-channel HD analog input terminals for resistance sensors,

– KL3464 or KL4408 8-channel analog input and uutput terminals  

 (0 –10 V) as well as a total of

– 121 KL6041 Serial RS485 interfaces for Modbus room sensors among others,

– 112 KL6301 EIB/KNX Bus Terminals for control elements and

– 202 KL6811 DALI/DSI master and power supply terminals.

All of this information comes together in the respective floor distributors and is 

processed there by the Embedded PCs. Thus, a CX5010 controls all functions in 

one corridor, such as the pasteurization function for thermal water disinfection, 

as well as the distribution of the hot water supplied by a heat pump, which pro-

vides air conditioning for the rooms via the ceiling, the base and an additional 

fan convector (fan coil).

The openness and flexibility of PC-based control is also shown by the simple 

integration of several subsystems into the BACnet-networked control techno-

logy: For example, it was possible to integrate all control buttons simply using 

KNX. The room sensors specified by the Park Hotel Vitznau – for temperature 

and humidity as well as for the adjustment of the ventilation – are connected 

via Modbus RTU. Conversely, the audio/video systems employed communicate 

with their environment via Modbus TCP/IP. It was possible to implement all of 

this on the software side as well without a great deal of expense using the  

TwinCAT automation suite and the appropriate supplements. The same applies 

to the hotel reservation system, which is an integral component of the holistic 

building automation via TwinCAT FIAS Server and TwinCAT Database Server.

Simple control of a complex system with TwinCAT BACnet/IP

The Embedded PCs with TwinCAT BACnet/IP fulfill all requirements of the 

BACnet standard ISO 16484-5:2010 and thus offer a scalable control platform 
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Through the use of holistic building automation and integrated BACnet communica-

tion, all information required for optimum room operation is always available both to 

the building management system and from the point of view of the individual suites.

One of the biggest advantages of PC-based control is its system openness. The seam-

less integration of the Modbus RTU room sensor specified by the Park Hotel Vitznau 

was no problem.

(from left) Andreas Hutter, Project Manager from Panthek, and Daniel Rothenberger, 

Sales Manager Building Automation at Beckhoff Switzerland, in front of one of the 

floor distributors.
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for system and vendor-spanning automation of buildings. Numerous additional 

functions have been implemented that extend beyond the requirements for 

BACnet building controllers. With the integration of the BACnet protocol in the 

TwinCAT System Manager it is possible to efficiently configure the I/O Bus Ter-

minals and the BACnet devices with a single tool. The “auto-mapping” function 

additionally reduces programming efforts and shortens the development time.

Extensive additional functions supplement the required interoperability function 

blocks of the Beckhoff BACnet Building Control (BBC) devices. Timer switch 

schedules and trend objects among other things can thus be created and con-

figured even later on by the dynamic generation of BACnet objects. Distributed 

clocks can be synchronized with the aid of the supported Client and Master 

functions. BBMD (BACnet Broadcast Management Device) services have been 

integrated into TwinCAT BACnet/IP for use in widely distributed networks. The 

integration of spatially remote and third-party devices is particularly convenient 

within the framework of the Client functionality.

It was possible to implement this functionality in the Park Hotel Vitznau with 

great efficiency, particularly since the building management system and the pri-

mary system from Sauter also use the BACnet standard for their communication. 

According to Andreas Hutter, Project Manager from Panthek, the connection of 

the automation technology was very simple and the connectivity via BACnet/

IP was much clearer and self-descriptive than a conventional Modbus TCP/IP 

coupling. The fact that each individual CX5010 is already inherently BACnet-

capable also simplifies matters.

Comfortable BACnet solution with auto-mapping

The simplification of the project implementation is due in no small part to the 

auto-mapping function: In a BACnet environment data are always represented 

via objects and their properties. This applies equally to memory states (variables) 

and to hardware input/outputs and PLC variables. In the end this means that all 

hardware terminals in the I/O system as well as all PLC states of the PLC runtime, 

which should be visible in BACnet, must be mapped by means of BACnet objects. 

With TwinCAT BACnet/IP this is done conveniently by the automatic mapping, 

which considerably reduces the work required for linking the BACnet objects. 

Andreas Hutter explains: “We wrote reusable programs for this complex project. 

Thus the approximately 60 suites are all controlled by the same program and 

we therefore benefit a great deal from the fact that BACnet can be configured 

directly in the respective program and not just centrally in the TwinCAT System 

Manager. In the System Manager only the individual device is created; eve-

rything else takes place via the individual control program.”

Daniel Rothenberger, Building Automation Sales Manager at Beckhoff Switzer-

land mentions a further consideration: “It is particularly important that TwinCAT 

BACnet/IP facilitates the engineering with numerous functions and templates, 

since BACnet requires a somewhat changed philosophy or perception. Whereas 

real variables are used in traditional controller programming, there are addi-

tional properties in a BACnet object with its ‘Present Value’, such as min/max 

values. The system integrator first has to get used to this and TwinCAT BACnet/

IP offers optimum support here.”
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Further Information:
www.parkhotel-vitznau.ch
www.panthek.com
www.beckhoff.com/building

With PC control and the DALI communication standard integrated via  

the KL6811 Bus Terminal, the lighting can be controlled comprehensively,  

with special and color effects in the spa area, for example.
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BACnet, EnOcean and DALI communication  
for higher implementation flexibility and easier 
operation

PC-based building automation in the new Miele administration building

The German appliance manufacturer Miele is building a new office complex in four construction stages at the company head-
quarters in Gütersloh. The importance of choosing the right building automation solution for a fast and flexible implementation 
of the project as well as optimized operation is shown in the first completed building. This new facility was automated using PC 
control from Beckhoff and supported by BACnet, EnOcean and DALI communication.



The first of the four new administration buildings has a total of four office floors, 

each with an area of 1000 m2. Concrete core activation for the basic heating/

cooling load, floating ceiling panels and a ventilation system for implementing 

the change of air have been implemented. In addition to the classic automation 

of the heating, ventilation and air conditioning systems, the entire room auto-

mation is integrated into the automation system, including sun protection with 

exterior louvered blinds and the lighting. The technical building infrastructure 

was planned by the Bielefeld-based engineering firm Schröder & Partner and 

implemented by system integrator Brüggemann from Versmold. 

Automation stations control HVAC and room functions  

Located in the basement of the building is a central air conditioning plant for the 

supply of fresh air to all four office floors. The cold water requirement for the air 

conditioning system, the concrete core activation and the floating ceiling panels 

is met by the factory’s own cold water supply network. The heating energy is 

similarly provided by a local heating supply. The concrete core activation and 

the floating ceiling panels are connected via a two-pipe system to the hot and 

cold water distributors. 

An automation station is responsible for controling and regulating the complete 

HVAC plant in the basement. In order to optimize the efficiency of the energy ge-
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Use is made of modern open-space 

work areas and correspondingly fle-

xible building automation in the new 

Miele administration building.

Room zones can be individually 

heated or cooled via  

the floating ceiling panels.

neration and distribution, the control of all generation and distribution systems 

is optimized to suit needs through communication with the automation stations 

for room automation on the floors of the building. For a proactive control of the 

concrete core activation, the forecasts from the online service wetter.com were 

integrated in addition to the current weather information.

On each office floor there is an automation station in the form of a CX2020 

Embedded PC, to which the room climate, lighting and sun protection systems 

are connected. The utilization times of the office floors are specified by timer 

schedules. Outside of the regular utilization times the building is switched to an 

economy mode; i.e. the ventilation and air conditioning system is switched off and 

the room temperatures are reduced to a low energy level. Within the utilization 

times the room temperature setpoint values are raised to the Comfort energy level.

Simple wireless networking of control elements and sensors

The users of the open space work areas can lower or raise the room temperature 

of individual zones within a small range using EnOcean room control units. The 

air volume in the floors is controlled by means of flow rate regulators, depending 

on the air quality. All the windows on a floor are provided with EnOcean win-

dow contacts. If the windows are open the entire open space area is switched 

to the “Protection” operating mode. When Protection mode is active the room  



temperature setpoint values are lowered to 6 °C for the heating operation and 

raised to 35 °C for the cooling operation. By means of the flow rate regulators 

the air volume is reduced to a minimum in Protection mode.

The communication range of EnOcean wireless signals is at least 30 m, which can 

considerably reduce the cabling in a building. This has resulted in positive effects in 

many respects according to Jürgen Meierarnd: “In order to successfully accomplish 

Miele’s new open-space concept (instead of conventional office and workplace 

structures), the concrete floor plan of the individual floors had to be finalized at 

a very late stage. For reasons of time, therefore, a wire-connected installation of 

light switches, sensors, etc. would have been very difficult. The EnOcean wireless 

technology offered us maximum flexibility here. Further advantages are the reduc-

tion in costs due to the reduced cabling and the correspondingly lower fire loads.”

Energy-efficient building operation

In case of strong sunshine outside of the regular utilization times the blinds 

are lowered by the automatic thermal control. This reduces the cooling load of 

the building and saves energy for the generation of cooling water. If the room 

temperature drops below the setpoint value of the Comfort level, the automatic 

thermal control automatically raises the blinds in order to use the energy input 

from the sun to heat the rooms. The sun thus makes a contribution towards the 

heating of the building whenever possible and necessary. 

In order to create optimum working conditions for the PC workstations in the 

offices, the “Sun protection” program is activated when the room is in use. 

The sun protection lowers the blinds to a defined position. The louver angle is 

aligned in relation to the position of the sun so that glare is prevented whilst 

still allowing the maximum amount of natural daylight to enter. There is thus no 

unnecessary increase in the power requirement for the artificial lighting of the 

office workstations. Another function that has been implemented is the auto-

matic twilight function. It automatically closes the blinds when it gets dark and 

prevents views inside the building from the outside, thus contributing towards 

the comfort of the employees. 

The automatic functions of the sun protection system can be manually overrid-

den by the building users by means of EnOcean buttons. Following the manual 

actuation of an EnOcean button, the blind controller switches back to automatic 

mode on the expiry of a time parameterized by the operator.

The automation station on the fourth floor is connected by a serial communi-

cation terminal to a weather station via the Modbus-RTU protocol. The weather 

data is transmitted via BACnet/IP to the other BACnet stations. By means of 

the weather information for wind force, precipitation and outside temperature, 

the blinds are protected against storm and icing damage and are automatically 

raised in case of danger. 

The open space areas are lit by standard lamps at the workplace. The lighting 

is switched on by an occupancy sensor integrated in the lamps. The standard 

lamps are also capable of EnOcean communication and are integrated into the 

building automation system.

In order to minimize the energy consumption for lighting the corridors, the 

lighting systems there are integrated into the automation system by means of a 

KL6811 DALI interface from Beckhoff. EnOcean brightness sensors measure the 

light intensity. The presence of people in the corridors is likewise detected by an 

EnOcean sensor. The lights are thus switched on only when required. By means 

of the light sensors in the corridors the lights are dimmed to a constant setpoint 

value, independent of the external brightness. 

Simple control and flexible design of a complex system

In addition to the EnOcean room control units, the rooms can also be controlled 

on the floor level by a touch panel (15-inch CP2916 Control Panel). The touch 

panel offers an overview of the floor with status information for all sensors 

and actuators.

The automation stations on the floors consolidate the data from the DALI, 

EnOcean and Modbus-RTU devices. There are a total of 15,000 BACnet objects 

within the five BACnet servers for the room and plant automation. A new 

BACnet management and control level (MCL) for the entire Miele works in 

Gütersloh is currently under construction. In the programming of the BACnet 

servers, however, care was taken in advance to ensure that the future connection 

of further office buildings to the new MCL at Miele will go without a hitch. All 

relevant data and parameters are made available with TwinCAT BACnet/IP via 

BACnet objects, so that needs-based, stress-free operational management and 

system optimization will be possible via the new management and control level 

system. Also, energy meters are integrated via the KL6781 M-bus terminal from 

Beckhoff for energy optimization.

For the implementation of the project, the room automation functions were pro-

grammed in accordance with the new VDI 3813 directive. TwinCAT libraries and 

program templates from Beckhoff, including the required BACnet objects, facili-

tate the engineering even of complex systems and room automation functions. 
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(from left) Jürgen Meierarnd, Building Department/Building Services at Miele, 

Rolf Eikelmann, Project Manager Electrical Engineering, MSR, Industrial and 

Building Automation at Brüggemann, and Bernd Hölscher, Building Automation 

Product Manager at Beckhoff



The use of the compact Beckhoff automation stations and Bus Terminals, in 

combination with the EnOcean technology, enables an extremely space-saving 

construction of the control cabinets.

On the basis of the flexible EnOcean technology, future modifications in case 

of a change of use of one of the four office floors are easily possible without 

changing the cabling. Programs can be modified within the automation stations 

during operation thanks to “online change”. The Beckhoff solution offers the 

advantage of system openness, due to the versatile range of Bus Terminals 

for the integration of subsystems in combination with the vendor-neutral 

communication protocol BACnet/IP. Furthermore, the Brüggemann experts Rolf 

Eikelmann, Project Manager Electrical Engineering, MSR, Industrial and Building 

Automation, and programmer Daniel Malkusch benefit from the flexible and 

open TwinCAT software: “Our extensive industry know-how has been incorpo-

rated via our own library in addition to the new TwinCAT BACnet library. This 

integration is optimally supported by TwinCAT, especially since we already have 

many years of experience with this tool and can implement our own approaches 

very quickly. In this case only the implementation of the BACnet standard was 

new to us.” It all adds up to a sustainable, flexible and energy-efficient building 

automation with protection of investment for the building owner.
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Further Information:
www.miele.com
www.technik-im-haus.de
www.ib-schroeder.de
www.beckhoff.com/building

A CX2020 Embedded PC with Intel® Celeron® CPU and a 1.4 GHz clock  

frequency controls an entire office floor.

Detailed trend display of the HVAC system data.

Overview of the office space on the second floor of the new  

Miele administration building.



Optimum climate in  
the cleanroom
Sensor components and solutions from the Swiss company, Sensirion AG are in use in the millions, among others in the auto-
motive industry, medical technology, building technology, industrial processes and in consumer goods. Since its establishment in 
1998, the company has achieved impressive financial and technological success. In order to keep step with these developments, 
Sensirion has moved into a new production building at its main site in Stäfa, near Zurich, which adheres to the latest standards. 
The complex building services were implemented by the Swiss company, Bühler+Scherler AG with the use of Beckhoff automation 
components. 

Innovative building services optimize the use of renewable energy resources 

In summer 2011, Sensirion moved into a new production building at its main site in Stä-

fa, near Zurich, which was designed according to the latest standards.
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Sensirion manufactures sensors for the measurement of humidity, temperature, 

differential pressure as well as gas and liquid flow rates. Manufacturing is 

handled by highly automated production lines in cleanrooms with a total floor 

area of 10,000 m² distributed over three floors.

 

The core of the production building’s innovative air conditioning system consists 

of geothermal probes and heat pumps as well as its own cooling system with 

heat recovery, enabling enormous energy savings. Bühler+Scherler AG from St. 

Gallen, a solution partner of Beckhoff Switzerland, was commissioned to plan 

and implement the building automation system.  

The control architecture for the building services encompasses four Embedded 

PCs from the CX5010 series, to which over 1,000 hardware data points are 

connected. “The majority of the I/Os are required for the cooling plants,” ex-

plains Bühler+Scherler project manager Martin Müller, who is responsible for 

the system technology. Analog temperature, humidity and other sensors as well 

as signal transducers are connected to the signal inputs. Numerous frequency 

converters are coupled at the output level for the control of the pump motors. 

“The specified setpoints are analog voltage signals from 0 to 10 V. The frequency 

converter forms the frequency value from these; for example, a setpoint of 5 V 

could lead to a frequency of 30 Hz inside the frequency converter,” explains 

Martin Müller. If the associated sensor of a frequency convertor now signals 

that the control process is successful, or that the intended effect is not achieved, 

then the specified setpoint is corrected. This process is controlled in the CX5010 

with TwinCAT PLC. Bus Terminals are installed in the control cabinets for the I/O 

infrastructure. All Beckhoff controllers are networked via Ethernet and commu-

nicate via Modbus TCP/IP. 

Use of renewable energy resources with intelligent technology

For climatic control there are two water reservoirs each with a volume of 60,000 

liters for heating and cooling. In order to ensure process reliability, the water 

is buffered there and only pumped into the air heater or cooler when needed. 

Despite these gigantic volumes, a dedicated controller is in use – with precise 

monitoring of pressure, temperature and further process variables.

The “exterior” air conditioning system, which consists of geothermal probes and 

heat pumps, is also controlled by a CX5010. “This technology must be seen in 

context with the two water reservoirs,” stresses Martin Müller. Cold and heat 

are created on the one hand by the geothermal probes which, in connection 

with the four heat pumps, supply energy for heating and cooling. “In the winter 

we get heat from the ground and in the summer, cooling. A heat exchanger is 

used for this that produces cold water on the one side and hot water on the 

other, which is transferred by means of the pumps into the respective reservoir. 

The hot and cold water loads are regulated with the reservoirs; that means the

33

The sensors are manufactured under cleanroom conditions. The largest cleanroom  

certified according to ISO 7 has a floor area of 1,000 m².

Published in PC Control 01 | 2014       worldwide | switzerland



worldwide | switzerland       Published in PC Control 01 | 201434

USB

Ethernet

Management and control level

Building
automation
control room E2

Cleanroom
1st fl oor E1

ISDN
Modem

alarms via 
SMS

Clean-
room M

Clean-
room N

Clean-
room SO

Clean-
room SW

HVAC 
offi ces and  
staff rooms

Production
and 
cleanrooms

GeneralHeating and 
cooling

M-Bus

Energy mea-
surement,
heat and 
cold meters

……

……

weitere Infos unter:
www.sensirion.com
www.buhler-scherler.com
www.beckhoff.ch

cooling requirement is covered in the summer and the heating requirement in 

the winter,” says Martin Müller, describing the process. Sensors for pressure 

measurement are in use in the heat pump area; these are necessary for the 

precise regulation of the system pressure setpoint. 

The temperature measured at the geothermal probes is used to control the 

heating and cooling management. This depends on the one hand on the actual 

temperatures and on the other on the fill level of the reservoirs. Naturally, 

there are also marginal areas that represent a challenge in terms of control. 

That is the case, for example, if cold water is produced even though the tem-

perature in the cold water reservoir is already low enough. “In such a case, 

we cannot allow heating pumps to run any longer because they produce both 

cold and hot water at the same time,” says Martin Müller. “This situation 

is covered by the control system – an alarm is triggered if limit values are 

exceeded. All single technical systems are monitored for quality and process 

reasons. For example, if a frequency converter fails, the controller sends a 

message to the higher-level control system. Depending on the priority, it will 

then send an alarm by text message or email so that an appropriate action 

can be initiated.”

A higher-level control system logs each alarm, including the acknowledgement 

and rectification. However, the entire building controller works even if the 

control system is not available. “The control system is actually a visualization 

that has no controlling access to processes or systems,” explains Martin Müller, 

“and that also corresponds to the usual demands on the building automation. 

The visualization supplies information about the status of the system; the spe-

cification or changing of setpoints and parameters, on the other hand, requires 

expert knowledge.”
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Currently the world’s smallest (according to Sensirion) humidity and temperature 

sensor, the SHTC1 was specially designed for mobile terminals in which the product 

size plays a decisive role. It measures the relative humidity over a measuring range 

from 0 to 100 % RH and the temperature from -30 to 100 °C with a typical accuracy 

of +/-3 % RH.

In the new production building of Swiss company Sensirion AG, all building 

services including air conditioning of four cleanrooms are controlled via a Beckhoff 

automation platform.



The fi rst controller 
that is welcome in any room.
Integrated building automation solutions: e.g. with the BC9191.

www.beckhoff.com/building
The BC9191 Room Controller bundles the standard functionalities for individual room control in a compact 
design. Key data are exchanged with the higher PC level via Ethernet. The BC9191 is therefore an excellent 
example of integrated building automation from Beckhoff, based on open, PC-based control technology. 
All building systems are controlled from a uniform hardware and software platform, consisting of scalable 
controllers, tailored I/O solutions and TwinCAT automation software. Optimum matching of all building 
systems enables full utilisation of energy savings potential beyond the stipulated energy effi ciency classes. 
Predefi ned software function blocks are available for all building systems, which dramatically simplifi es 
engineering efforts. Functional extensions or changes are possible at any time. System integration takes place 
via the common communication standards, i.e. Ethernet, BACnet/IP, OPC UA or Modbus TCP.
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„Green“ living for students 
in Aarhus, Denmark

In many ways, Denmark is a model country when it comes to green energy policies. It therefore comes as no surprise that 
»Grundfos Kollegiet«, a dormitory opened in the Danish city of Aarhus in summer 2012, already meets the requirements of energy 
efficiency class 1 stipulated for 2015 by the European Union. The aim of this ambitious building project was to reduce energy 
consumption to an absolute minimum through the application of integrated building control. In addition, comprehensive energy 
monitoring is intended to provide new insights into how energy consumption can be reduced even further and how energy can 
be used even more efficiently.

Beckhoff BC9191 Room Controller ensures comfort in dormitory

In »Grundfos Kollegiet« a

Beckhoff BC9191 Room Controller

was installed in each apartment.
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The »Grundfos Kollegiet« building, named after its sponsor, the Danish pump 

manufacturer, is a 12-storey dormitory situated at the new harborfront in  

Aarhus. Grundfos Kollegiet is located within close proximity to Aarhus University 

School of Engineering, Aarhus School of Marine and Technical Engineering and 

INCUBA Science Park. It has 159 apartments, offering affordable living space 

for around 200 students. »Grundfos Kollegiet« can justifiably claim to have a 

“green profile”, and not only in view of the solar cells installed on the roof, 

but also thanks to an energy concept that is based on cutting-edge building 

automation technology. With an energy consumption of only 50.5 kWh/m²/year, 

it already meets the 2015 target for energy efficiency class 1.  

Energy optimization starts with consumption analysis

The energy saving concept of the dormitory does not stop at what is techni-

cally possible today. The building also acts as a kind of laboratory for studying 

occupant behavior, in which the residents actively participate. To this end the 

building was comprehensively equipped with sensors and monitoring systems, 

which enable detailed monitoring and analysis of energy consumption data. 

Sensors log the water and energy consumption of all residents around the 

clock. Grundfos estimates that each year 1 terabytes of data will be analyzed to 

gain information on user behavior and to develop new technologies for further 

optimizing energy consumption. 

Beckhoff Room Controller in each apartment

As a key part of the project, a Beckhoff BC9191 Room Controller was installed in 

each apartment. Based on the M-Bus protocol, the controller logs 14 parameters 

such as air humidity, room temperature, CO2 concentration, water consumption, 

temperature, cold and hot water pressure, electricity and heat consumption 

(district heating). All Room Controllers are connected to the dedicated building 

server via Ethernet. “Having a Room Controller installed in each apartment has 

the advantage that faults can be detected relatively quickly, without affecting 

the other residents. In addition, the fact that all data from the individual accom-

modation units are captured separately means that no data will be lost in the 

event of a server or network malfunction,” explains Jørgen Berg from Beckhoff 

Denmark. The BC9191 samples the relevant data every five seconds. For control 

purposes it is possible to log data at 100 ms intervals. 

A “living” laboratory for examining further energy

savings potential

»Grundfos Kollegiet« cooperates with the Alexandra Institute of Aarhus Univer-

sity of Applied Engineering Sciences in the analysis of the energy consumption 

data as a basis for the development of innovative technologies. “The idea is to 

develop new solutions that further improve the energy efficiency and sustaina-

bility of buildings through a cooperation of residents, the university and external 

partners,” says project manager Christian Friss Schaarup of Grundfos. One of 

the goals is to influence consumer behavior through intelligent technology.  

For example, the residents are able to compare their energy consumption with 

the average for the whole building and monitor changes in their behavior over 

the long term.

Further Information:
www.grundfoskollegiet.dk/en
www.grundfos.com

www.beckhoff.dk

The Grundfos Kollegiet building has 159

apartments, offering affordable living space 

for around 200 students. 
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Future-proof technology  
for the “Future Mile”

Building automation in the “Zukunftsmeile Fürstenallee”  research and development cluster

In the building project “Zukunftsmeile Fürstenallee” (Fürstenallee “Future Mile”) in Paderborn, Germany, 
a research and development cluster is being created for regional mid-sized companies. In the nation-wide 
competition “365 Landmarks in the Land of Ideas,” the project has already won a prize when the first buil-
ding was completed in 2012. The automation technology implemented in the building complex in Paderborn 
is just as innovative and future-proof as the project idea itself. On the one hand, Beckhoff and system inte-
grator HGI were able to create a system that can be flexibly adapted to the office users’ needs and to do it 
inexpensively at the same time. In addition, it was possible to implement a concept that is very open and 
flexible by accommodating future requirements and extensions. 

The initiative “Germany – Land of Ideas” has awarded prizes since 2006 to 

ideas and projects that make a lasting contribution to the future economic 

viability of Germany. The Zukunftsmeile (future mile) Fürstenallee, which is 

supported by industry and science in the region of East-Westphalia (Ostwest-

falen-Lippe, OWL), was honored for creating a cluster focused on product and 

manufacturing innovation in the fields of mechanical engineering, vehicle 

construction and information technologies as well as for the interfaces between 

them. It began with the “Intelligent Technical Systems” complex focussing on 

mechatronics, software quality, virtual prototyping/simulation and system inte-

gration. According to the development plan, there is still room for four further 

buildings in the first stage.

Flexible, functional and inexpensive

On a floor area of approximately 5000 m2, building 1 of the Future Mile offers 

3200 m2 of rentable area. It is currently used by the University of Paderborn for 

the special fields of software technology, database and information systems and 

swarm intelligence, as well as by the Software Quality Lab (s-lab), the Pader-

born Institute for Advanced Studies (Pace), the Fraunhofer Mechatronic Design 

Technology project group, the excellence networks InnoZent OWL e.V. and OWL 

Maschinenbau e.V., MLAP GmbH (University of Applied Sciences) and the it’s 

owl GmbH Cluster Management. The large number of tenants in itself suggests 

one of the three most important requirements on the building automation, as 

Simone Probst, Managing Director of Zukunftsmeile Fürstenallee Infrastruktur 

GmbH, explains: “The largest challenge was that the building services had to be 

adaptable to various types of users with very different needs. Therefore, a great 

deal of flexibility was required.”

The second aspect that Simone Probst attached a great deal of importance to 

involved building services “that we can develop further ourselves.” After all, 

during the bidding and construction phase no-one could have known what 

the future tenant community would be like. And the third key requirement 

concerned the cost-benefit aspect: “The building itself and the initial technical 

building equipment were financed with a total of 11.5 million euros from 

public funds and, therefore, it was open to bids from the entire EU. Therefore 
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One of the most important requirements for the building automation to be used was 

high flexibility. For example, the system had to provide user-friendly control of over 

300 lights.

Zukunftsmeile Fürstenallee Managing Director Simone Probst (on the right)  

is pleased with the smooth and productive cooperation with Elektro Beckhoff project 

manager Ingo Wagner.

Beckhoff Building Automation components are used in over 35 control cabinets such 

as the CX1010 Embedded PC with numerous I/O terminals.

Access to the building can be controlled centrally and conveniently via 

the Beckhoff Control Panel for door control.

Ethernet-based building automation

The systems realized by Beckhoff in Building 1 of Zukunftsmeile  

Fürstenallee comprises numerous automation components – e.g.  

31 Ethernet TCP/IP Bus Couplers, eight Ethernet switches and approx. 

450 Bus Terminals – installed in over 35 control cabinets to provide  

the control for blinds and a total of 314 lights, among other things:

–  TwinCAT: Automation software with Building Automation and  

DALI libraries

–  CP6607: 5.7-inch built-in Control Panel

–  CX1010: Embedded PC with Windows CE and TwinCAT PLC runtime

–  Bus Terminals with Ethernet TCP/IP Bus Coupler

–  CU2008: 8-port Ethernet switch
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the solution not only had to be functional, but also markedly inexpensive. Both 

requirements have been fulfilled in an outstanding manner.”

A universal and easy-to-handle solution

Beckhoff components serve as a universal basis for building control across all 

systems. Ingo Wagner, Project Manager at the contracting installation company 

Elektro Beckhoff, explains: “On our side, we handled the complete electrical 

installation in the Zukunftsmeile Fürstenallee. This includes the control of the in-

terior and exterior lighting via DALI interfaces, the connection of I&C technology 

and multimedia, the acquisition of energy data in the main distribution system 

as well as the control of blinds and the central locking system.” Heger Gebäu-

deautomation Ingenieurgesellschaft (HGI), on the other hand, was responsible 

for heating, ventilation and air-conditioning technology, which was no problem 

to integrate, as Ingo Wagner continues: “HGI also uses Beckhoff components 

such as the Bus Terminal I/O system and a standard Ethernet network in its 

solutions. In this way the data required in one system can be seamlessly ex-

changed with the other systems.” HGI departmental manager Burkhard Brüning 

adds: “Our network checks the entire energy flow in the building from energy 

generation to distribution and storage to the loads. Of course, no building can 

be competitive today without a powerful and reliable IP network. This is where 

our Building Automation 2.0 system comes into play; it integrates building 

automation  and IT.”

HGI implemented the HVAC systems as well as individual room control and ener-

gy monitoring. In addition, HGI had to allow for integration of  ground source 

heat pumps into the overall design. The Ethernet-based communication tech-

nology provides the backbone for an integrated system enabling, for example, 

Thermokon room control units, various field devices from different manufactur-

ers as well as a CP6901 12-inch touchscreen panel and CX9010 Embedded PCs 

from Beckhoff to seamlessly exchange data Specifically, the CX9010s are used 

in connection with KL6401 LON Bus Terminals for controlling primary systems, 

i.e. heating, ventilation and cooling, as well as for superordinate functions for 

room-control.

Especially for use in buildings, Ingo Wagner sees a particular benefit in the DALI 

lights: “Thanks to this advanced lighting system the building is adaptable to the 

changing needs of the tenants, i.e. the extension or division of rooms can be 

accounted for by a simple program change. In this way, a single-room situation 

can be created from an open-plan area without great effort. Zukunftsmeile Fürs-

tenallee facilities are thus innovative and sustainably equipped.” In any case, 

the underlying automation technology should be hidden to the users’ eye in the 

interests of convenient and simple building use: “Therefore the installation has 

a standard look and feel; that is, it was realised with what at first sight appear 

to be normal operating switches. The series and changeover switches we used 

are, of course, communication-capable, while to the user they seem to be simply 

switching on and off of the light. The same applies to the control technology 

which in this case is implemented using TwinCAT automation software.” Simone 

Probst adds: “The room size of the offices, for example, is fairly standard in order 

to achieve a compromise that is acceptable to the various users. A certain degree 

of individualization is, however, possible in a simple manner. In the larger offices, 

for example, the light is directed towards the center of the room. If the tenant 

desires, however, it can also be directed towards the desk or the meeting area.” 

A password-protected CP6607 5.7-inch Control Panel in the caretaker’s room is 

used for this, and also to support remote VPN access and changed door-opening 

times when evening events are scheduled.

Practice-proven and future-proof

After a very short construction period of just one year, Simone Probst also draws 

a positive balance for the building use: “The automation technology has proven 

to be outstanding in daily use so far and has fulfilled all expectations with 

regard to functionality as well.” In addition, all doors remain open for future 

changes, because thanks to the universal hardware architecture, the building 

services can be adapted and optimized by means of simple software extensions 

without great cost. For instance, the weather station already installed on the 

roof of the building could be integrated more deeply into the automation tech-

nology if need be or, where remote access is concerned, an alarm could be sent 

to the caretaker by SMS in case of a malfunction.

The integral building automation from Beckhoff also encompasses HVAC systems.

Further Information:
www.elektro-beckhoff.com
www.hgi.de
www.zukunftsmeile-fuerstenallee.de
www.beckhoff.com/building
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With the completion of Tower 185, the skyline of Frankfurt am Main now has one more attraction: with a 
height of 200 meters the 50-story high-rise office building is one of the four tallest skyscrapers in Germa-
ny. The contract for the entire building automation infrastructure was awarded to Hermos AG, a specialist 
in IT solutions for properties and production processes. The medium-size enterprise, which has already 
implemented  several building automation projects with Beckhoff as a technology partner, once more 
relied on the PC-based control platform for this building project. The FIS# building management system 
developed by Hermos – for use at the management and operating level – and the Beckhoff technology 
components together create an intelligent, highly efficient building automation system that fulfils all 
requirements of both the operator and occupants of Tower 185.

Tower 185:  
Beckhoff automation platform 
manages 60,000 data points

Intelligent building automation in one of Germany’s tallest skyscrapers minimizes energy consumption  
and lowers operating costs
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Tower 185, designed by the Frankfurt architectural office Prof. Christoph Mäckler 

Architekten, rises to its impressive height out of a horseshoe-shaped base, the 

so-called east and west perimeter blocks. These blocks house shops, restau-

rants, offices and a conference center, as well as a restaurant and daycare for 

children of employees. The high-rise office building offers a total floor space of  

100,000 m2 across 50 floors. The main tenant of Tower 185 is the audi-

ting company PricewaterhouseCoopers (PwC) which has rented an area of  

71,000 m2. Further tenants of the building include the globally active law firm 

Mayer Brown LLP as well as Excellent Business Centers GmbH.

Building automation platform in XXL format

Hermos was commissioned by the building owner, CA Immo to implement the 

complete building automation of the office building – from the management 

and operating level to HVAC and room automation systems. With an office 

space of 100,000 m2, both the individual room control and the dynamic room 

management are extraordinarily complex and represent a challenge in terms of 

control: On the one hand, the management and operating level must acquire 

and evaluate the requirement signals from the office rooms. On the other, global 

control functions must be executed, including changing room sizes, lighting as 

well as various user and shading scenarios. And finally the needs-based control 

for the required amount of heating, cooling and air quality must be activated 

and controlled.

A total of 700 PC-based controllers from Beckhoff are in use to implement all 

control and regulation tasks in Tower 185. About 60,000 data points are con-

nected via Ethernet and a TwinCAT ADS communication interface to the FIS# 

management and operating level system developed by Hermos which is im-

plemented on the central building management server. FIS# connects the room 

automation with the building management system and is responsible for the 

central operation, monitoring and control of the technical building equipment 

(HVAC) as well as the dynamic room management. Thomas Sturm, Hermos’ pro-

ject manager for the Tower 185, adds: “The data points are connected via stan-

dard Beckhoff I/O, DALI, EIB/KNX and EnOcean terminals. A total of 170 Beckhoff 

Embedded PCs of the CX9010 series, 500 Embedded PCs of the CX9001 series 

as well as 80 C6925 Industrial PCs (IPCs) take care of the data processing. On 

each floor, a C6925 filters or qualifies the data in order to transmit them, then 

structures and consolidates the information for the FIS# server. For example, it 

collects actual and setpoint values for the room temperature and transmits them 

to the management and operating level according to a defined time pattern.” 

All data captured by the building automation system are merged in the FIS# and 

represent the basis for benchmarking and controlling, for example, the energy 

consumption, the system availability or the operating costs, as well as for the 

integrated maintenance management.

Redundant Ethernet network for 24/7 availability 

An autonomous Ethernet-TCP/IP-based network forms the “backbone” of the 

building management system. The network infrastructure of the building is divi-

ded into three areas, namely the east and west perimeter blocks and the tower 

itself. There is a redundant fiber-optic cable ring in each section of the building, 

so that the data traffic is maintained even if the network cable is interrupted. 

The entire management and operation level, consisting of redundant servers and 
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client stations, is networked by a fiber-optic cable ring and by means of Ethernet 

TCP/IP. The fiber-optic cable ring couples the automation devices floor by floor 

via switches, i.e. the lower-level Beckhoff IPCs are connected by copper-based 

Ethernet cables in a star topology to the control level which is networked via 

optical fiber.

Connected to the Industrial PCs are Bus Terminals and to these in turn the room 

control units, sensors and actuators. Thomas Sturm explains: “The Tower 185 

building can be completely supervised and controlled via the monitor by the 

building operator Hochtief Solutions with the clients in the building automation 

control room.” However, Hermos also has the possibility to access the building 

controller via a client station for remote maintenance.

 

Designed for flexibility: individual room control

Individual room control in Tower 185 encompasses light control with DALI as 

well as blind control via SMI. Room control units with EnOcean technology are 

used to enable flexible room usage on the basis of the small office units. These 

are each equipped with an occupancy sensor, a selector switch for room tempe-

rature, a temperature sensor and a pushbutton for blind operation. All signals 

from the room control units, such as the actual and setpoint temperature values, 

are sent by EnOcean wireless technology to KL6583 EnOcean Bus Terminals and 

transmitted to the Embedded PC.

A prerequisite for dynamic room management is adherence to predefined con-

trol variables. Thomas Sturm explains: “With regard to the usage scenarios we 

had to meet exact specifications, also taking the needs of tenants into account. 

In room automation the adherence to maximum permissible deviations is de-

manded. Accordingly we have defined three modes of operation for the office 

spaces: day, night and weekend, and comfort mode. With regard to the night 

and weekend mode, we must adhere to limit values of ± 3 K (Kelvin) in order 

to properly condition the room. The day mode is defined by timers; this means 

that from 7 am until 7 pm the room is maintained in such a way that it can 

be quickly put in comfort mode as soon as the occupancy sensor is activated.”

Beside the standard office space, special and comfort rooms were set up on the 

48th and 49th floors of Tower 185. Room control takes place here using operating 

panels that employ EIB/KNX technology. The panels encompass pushbuttons for 

various room functions, such as the control of the blinds and lights, as well as 

the digital specification of the set temperature value. Here, the tenant has the 

possibility, for example, to call up stored lighting scenarios and to modify them 

via the FIS# client. In addition, the operating panels provide status information 

about various room parameters, such as temperature or air quality, etc. The 

outside temperature is displayed, five climate elements are shown and the flow 

rate is controlled by means of a PWM controller. A dew-point sensor indicates 

the possible formation of condensation on the ceiling. The control function is 

implemented using a TwinCAT software module.

Dynamic room management without hardware changes

Since each standard office is equipped with a room control unit with EnOcean 

technology, the room layout can be arranged flexibly if its usage changes. If 

standard rooms are combined to form an open-plan office, the components 
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the tower and perimeter blocks are divided into segments. They are controlled 

in relation to the level of sunlight, light direction and temperature. A weather 

station installed on the 6th floor of the east perimeter block measures not only 

the temperature, but also the wind velocity, wind direction, rain and brightness. 

In order to account for the effects of the surrounding high buildings on the 

control parameters of Tower 185, further weather sensors were installed on the 

53rd floor that measure brightness levels without impediment.

Thomas Tröger explains the concept of the shading control as follows: “An input 

mask was created for this in the FIS# into which the operator can enter the valu-

es. The sun protection is then operated globally in accordance with these criteria. 

It can quite easily be the case that the east side is shaded in the early morning 

while the south side is still open. If the conditions change over the course of 

the day, the global controller changes the blind segments. Nevertheless, each 

room user naturally has the possibility to operate the blind on each window 

individually using the room control unit. In the case of an approaching storm 

or rain, however, the central controller automatically takes command again.”

the tower and perimeter blocks are divided into segments. They are controlled 

in relation to the level of sunlight, light direction and temperature. A weather 

station installed on the 6th floor of the east perimeter block measures not only 

the temperature, but also the wind velocity, wind direction, rain and brightness. 

belonging to the basic units are assigned to the master controller. “The room 

control units are removed for this. The necessary regrouping, for example of 

lighting and heating elements or blinds, is defined in the FIS# system by our 

dynamic room management or by suitable task assignments. Modifications to 

the wiring or installation are not required,” explains Thomas Tröger, software 

expert from Hermos.

In special rooms with movable partition walls, the wall position is detected by 

signalling contacts in order to control the room conditioning. If two rooms are 

combined the operation is adapted accordingly and the control processes are 

aligned via both control panels. For other room changes, the tenant must make 

a request to building operator Hochtief Solutions who then adapts the visualiza-

tion of the management and operation level or the room control in accordance 

with the changed floor plan.

Centralized blind control improves energy efficiency 

Tower 185 uses so-called “global blind control” which is carried out centrally at 

the management and operation level. For this, the blinds of the entire facade of 

belonging to the basic units are assigned to the master controller. “The room 

control units are removed for this. The necessary regrouping, for example of 

lighting and heating elements or blinds, is defined in the FIS# system by our 

dynamic room management or by suitable task assignments. Modifications to 

The floor computers: a total of 80 Control cabinet 

Industrial PCs of the type C6925 are used in the 

Tower 185. A C6925 is installed on each floor for 

the filtering or qualification of the data.
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User-friendly operating interface

The operating interface of the FIS#, which summarizes all information that is 

relevant for the operator, is arranged into two large sections. The system tree re-

flects the overall project structure and is subdivided into room management and 

technical systems. The room management encompasses the individual floors, 

from the ground floor to the 50th floor. The technical systems have been divided 

into the individual subsystems, including ventilation and cooling systems. The 

ventilation systems, for example, are subdivided into supply and exhaust air 

as well as into air-conditioning subsystems. An operator is thus able to access 

individual systems via the operating interface.

Flexibility – from the management and operation level to the 

automation platform

With a large building project like Tower 185 with a usable floor area of 

100,000 m² it is only natural that the leases extend over a longer time period. 

Thus, a high degree of flexibility in the building automation system is required 

as well as trouble-free interaction of all systems and components employed. 

“Both the Hermos management and operation level and the Beckhoff automa-

tion platform are characterized by openness. They offer numerous interfaces to 

other communication and technology concepts. Hermos has developed its own 

ADS driver for coupling the control system and TwinCAT which enables universal 

access to the system,” explains Wolfgang Negele, Beckhoff sales representative 

from the company’s Nuremberg branch office.

Further Information:
www.tower185.com
www.caimmo-deutschland.com
www.hermos.com
www.beckhoff.com/building

User-friendly operating interface

The operating interface of the FIS#, which summarizes all information that is 

relevant for the operator, is arranged into two large sections. The system tree re-

flects the overall project structure and is subdivided into room management and 

The data processing is carried out by a total of 670 Embedded 

PCs of the type CX9001 or CX9010. In the basic configuration, 

two RJ 45 sockets that are internally connected to an integrated 

switch are available as interfaces. This facilitates the wiring in a 

line topology.
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Wellness destinations and spa centers are very popular for vacationers to get some much needed rest and 
relaxation. With this in mind, VAMED Vitality World, which operates a total of eight hot springs in Austria, has  
made a proverbial splash with the »Therme Wien« (Vienna Hot Spring), which opened in autumn 2010. As one 
of the most modern urban hot springs in Europe, it offers an overall water area of about 4,000 m² as well as 
a generously-sized sauna, plus health and fitness zones on a 75,000 square meter site. From the varying water 
temperatures in the individual pools to the plays of light and sound in the water, to the control of HVAC, lights 
and blinds – sophisticated building automation is required to suit this comprehensive spa operation.

Beckhoff I/O components in ultra-modern  
spa help enable wellness, fun and efficient  
energy consumption

Building automation for all functions in the new »Vienna Hot Spring« 
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The Vienna Hot Spring is arranged like an elongated brook, interrupted 

by water cascades, small waterfalls and fountains. The heated water 

invites the visitor to bathe in pools with different temperatures both 

indoors and out. Between them, various buildings are placed like 

“stones” in the landscape: depending on their mood, the guest can 

visit the “Stone of beauty,” the “Stone of quietness” or “stones” in 

adventure, sauna or fitness themes. In addition, extra-wide, tube and 

adventure water slides, diving platforms, pools, plays of light and 

sound as well as underwater massage jets ensure that nothing is left 

to be desired for wellness seekers.

Multifaceted spa and water park experience calls for  

flexible technology

In close co-operation between evon GmbH and Beckhoff, a building 

control solution was created that fulfills all the operator’s require-

ments with regard to energy efficiency, integration into the IT net-

work, increased convenience and reduced cabling expense. On the 

basis of the higher-level XAMControl control and visualization system 

developed by evon and Beckhoff I/O components, the individual room 

conditioning and thermal water preparation were integrated into the 

building automation along with typical building automation tasks 

such as HVAC and lighting control.

6,500 data points guarantee a “feel-good climate”

The plant room at the Vienna Hot Spring houses two large indus-

trial servers in a redundant configuration. A total of 120 BK9100  

Ethernet TCP/IP Bus Couplers with about 1000 digital and analog 

input and output terminals form the backbone of the building auto-

mation system for the hot spring and connected health center. Around  

70 % of the entire hot-spring technology is run via two main servers. 

Three further servers are necessary for various subsystems, such as 

the lighting control and the acoustics systems of the pools. A total of 

6,500 physical inputs and outputs were installed in 90 control cabinets 

for this project. The acquired data are evaluated and stored using a 

central SQL-based database. “The values are written in a one-minute 

cycle – even more frequently in particularly important zones. This 

means that it can be seen immediately at any time how the individual 

systems interact and what the individual temperature and flow curves 

look like – and all of that online, of course,” emphasizes project ma-

nager, Rene Hirschmugl from evon GmbH.

In total about 150,000 variables have to be processed in a cycle time 

of 80 ms at the Vienna Hot Spring; communication takes place without 

exception via standard TCP/IP network technology.
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Efficient energy management

The natural heat of the thermal spring is also used for heating 

in the Vienna Hot Spring. After all, the exclusive spa consumes  

15 MW – more electricity than a large shopping center. “Efficient use 

of energy,” says Rene Hirschmugl, “was one of the primary objectives 

of this project. All building systems are linked in such a way that  

the thermal water system interacts functionally with the heating, 

air conditioning and ventilation systems and energy is provided ac- 

cording to their requirements.” For this purpose integrated require-

ment chains were created, which ensure that over 50 heating circuits, 

30 air conditioning systems that handle a total of 350,000 cubic 

meters of air per hour and the thermal water system all cooperate 

with one another.

“The thermal water system demanded the highest planning and 

programming skills of all the engineers involved in the execution,” 

says Christian Pillwein, Business Manager, Building Automation from 

Beckhoff Austria. After all, the challenge is to bring 200 tons of water 

per hour up to the right temperature – deviations of ± 0.2 degrees 

are allowed – and to guide them into the right channels or pools. In 

addition to the water conditioning, the process control must naturally 

also take into account the wastewater control as well as the so-called 

backwash processes in which the pumps, shut-off flaps and valves 

must process 700 or 800 tons of water within a few hours.

Controller exchange during operation

One of the project’s special challenges was to replace an existing 

controller when it has been damaged by the sulphur-laden spring 

water during ongoing spa operation. Since an interruption was out 

of the question for the hot spring operator, the entire existing control 

equipment was switched over in one weekend. “No easy task,” as 

Rene Hirschmugl says, “such an action is only conceivable with the se-

lected Beckhoff/XAMControl platform. It is a crucial advantage of our 

software that every PLC program change works without interruptions. 

No restart is required, no configuration mode has to be switched to, 

nor anything else – the hardware simply goes on running.”

Lighting scenes that change rhythmically in tune to the music 

are controlled by a Windows Media Player combined with a 

DMX controller and lighting consoles.

weitere Infos unter:
www.thermewien.at
www.evon-automation.com
www.beckhoff.at
www.beckhoff.de/building
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The complex lighting solution for Zayed University in Abu Dhabi came third among the winners of the DALI Awards, which were 
announced at Light+Building 2012. The sophisticated project was realized by Tridonic, a company that specializes in innovative 
lighting concepts and light management systems. The judging panel was impressed by the optimized, daylight- and occupancy-
dependent lighting control, the significant cost savings and the simple configuration of the DALI system. Tridonic used Beckhoff 
I/O components for designing the impressive concept.

Abu Dhabi, capital of the United Arab Emirates (UAE), is regarded as one of the 

most modern cities in the world. The ground-breaking ceremony for Zayed Uni-

versity campus in Abu Dhabi, designed to be an especially prestigious project, 

took place in 2009. The construction timescale was tight, because the campus 

was scheduled to open in October 2011. The 80 ha site features 38 buildings, 

including a central administration and library building and separate facilities 

for students.

DALI technology for motion- and daylight-dependent 

lighting control

The internationally operating company Tridonic, with headquarters in Dornbirn, 

Austria, was commissioned to implement the lighting system at Zayed Univer-

sity. The planning guidelines prescribed daylight- and occupancy-dependent 

lighting control for all building areas. “The clear choice for the light manage-

ment of this complex project was the DALI protocol, which is able to pinpoint 

each individual lamp even in very large systems through a central monitoring 

system,” said Mohammad Al Darwish, Tridonic Middle East Project Manager, 

based in Dubai.

Approximately 42,000 DALI addresses in need of control

The winDM@net light management software developed by Tridonic is a perfect 

match for the Beckhoff technology platform: Around 150 BC9xx0 Ethernet Bus 

Terminal controllers and 1,040 KL6811 DALI Bus Terminals were installed at 

Zayed University, together with a large number of digital and analog Bus Ter-

minals. The KL6811 is a DALI master terminal which enables connection of up 

to 64 DALI slaves. In addition, Tridonic supplied around 4,700 DALI sensors for 

motion detection and around 2,450 DALI group controllers for automatic and 

manual dimming control. In total, the lighting control system comprises around 

42,000 DALI addresses.

 The light management software simplifies configuration and enables normal 

and emergency lighting DALI loops to be connected directly with the Ethernet TCP/IP

network via the BC9xx0. In this way it was possible to avoid the need for further 

loops, and the whole lighting system for all 38 buildings can be conveniently mo-

nitored and controlled from a single PC. Each individual Bus Terminal Controller 

serves as a central, yet modular gateway for the communication between the 

DALI and the TCP/IP protocols. The DALI sensors are connected with the central 

PC control unit of the light management systems via the KL6811 Bus Terminal.

University a beacon of light 
in more ways than one

Comprehensive DALI light management at Zayed University in Abu Dhabi



light until the light intensity matches the set value. If several DALI sensors are 

used in the same lighting group, dimming continues until the set light value has 

been reached at each sensor.

 Dimming (Bright-Out/Bright-In) is based on the ambient light levels: The 

DALI sensor switches the lighting group off if the measured light intensity 

exceeds the defined threshold value for longer than the specified delay time. 

This also applies when motion is not detected in the room. The lighting group is 

switched on again if the measured light intensity falls below the set brightness 

value. The DALI sensors are designed to not only cover an individual point on 

sensor samples but a larger area. This avoids erroneous measurements caused 

by moving objects.

 The “constant light control” function ensures that the light intensity in the 

space remains constant and that changes (as a result of ambient light entering 

the space) are compensated. The results include enhanced comfort, correct 

illumination at all times and, most importantly of all, energy savings. 
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From a system topology perspective, the Tridonic software runs on a central PC, 

to which the Bus Terminal Controllers are connected via Ethernet TCP/IP and the 

Modbus protocol. The protocol ensures that the Bus Terminals write the DALI 

signals to K-bus communication standard from Beckhoff, from which the data 

are processed for the central PC via Modbus. The PC calculates the required 

control commands from the transferred data. The Beckhoff Bus Terminal Cont-

rollers were adapted for Tridonic, i.e. they run with specific PLCs that are based 

on TwinCAT software. In the central PC the data exchange takes place via the 

TwinCAT ADS interface, also from Beckhoff.

 The signal acquisition system implemented at Zayed University requires 

no special cables, as Mohammad Darwish reports: “The system enabled us to 

achieve significant savings in material costs and installation times, which makes 

the Tridonic solution very cost-effective.”

Enhanced energy savings and improved comfort

The constant light control enables the artificial room lighting to interact with the 

natural ambient light. To this end the ambient light sensor measures the light 

intensity in the room, compares it with the set brightness value and dims the 

Further Information:
www.tridonic.com

www.beckhoff.at

View into the library at Zayed University. Tridonic received the DALI 2012 Award 

for the innovative, daylight- and motion-dependent DALI light management system 

at Zayed University in Abu Dhabi. 

University a beacon of light 
in more ways than one



Maurice Parrée, Manager and President of the 

board of directors of the four-star Hotel Grischa in Davos
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Luxury in harmony with sustainability  
and energy efficiency

Integrated building automation at Hotel Grischa in Davos, Switzerland

At the start of the 2011/2012 winter season the four-star Superior Hotel Grischa opened in the Swiss mountain 
resort of Davos. The hotel is highlighted with outstanding features in terms of its luxury interior, facilities and its 
environmentally-friendly design. On the one hand, Hotel Manager Maurice Parrée insisted on sustainability and ener-
gy efficiency during construction and operation of the hotel, on the other hand, the high comfort expectations of the 
international guests from a hotel of this category had to be met at the same time. The integrated building automation 
from Beckhoff, implemented by system partner simconex from Liechtenstein, played a crucial role in the realization 
of this demanding construction project.
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Luxury in harmony with sustainability  
and energy efficiency

Davos is renowned as an exclusive meeting place for international events and 

conferences and as a destination for high-alpine winter sports. Since new plots 

of land in the Alps region are quite hard to come by, the shells of two existing 

hotel buildings were used as a basis to build Hotel Grischa, which now offers 93 

rooms and suites, five restaurants and several conference areas.

Integrated control technology: from HVAC to room automation:

The two parts of Hotel Grischa, which were linked as part of the project, each 

have their own heat generation, ventilation and climate control systems. The 

whole building automation system was implemented by simconex AG, based in 

Triesen, Liechtenstein. Markus Gimplinger, Manager of simconex, described the 

design: “We implemented a totally new building automation concept, in line 

with the requirements and expectations of the hotel management. The solution 

is based on Beckhoff building automation technology with its unsurpassed 

openness and flexibility, without which it would have been impossible to achie-

ve the goals of the project.” simconex automated all building services, including 

HVAC, room automation and building management. A total of 19 Embedded PCs 

are used: 10 x CX9001, 5 x CX1010 and 4 x CX5010 units. Five CP6902 Beckhoff 

Control Panels deal with visualization of the processes in the control cabinets 

and control centers. An additional CP6607 Ethernet Panel control unit is located 

on the ground floor.

 

The building automation solution realized at Hotel Grischa includes around 

3,000 physical and 4,600 virtual data points. The network linking all parts of 

the building is based on Ethernet TCP/IP. Different fieldbus systems are used in 

the subsidiary building services systems.

The integrated application of Beckhoff automation technology at Hotel Grischa 

to control all building services and for room automation naturally required 

adaptation of the system to the respective standards of each building service. 

The heat-generating systems are directly connected to the CX9001 and CX5010 

Embedded PCs via Bus Terminals. For ventilation purposes actuators and flap 

drives from Belimo, which are controlled via the MP-Bus protocol, were installed 

in virtually all building zones. When used as an MP-Bus master terminal, the 

KL6771 Bus Terminal from Beckhoff can accommodate up to 16 field devices: 

eight drives and eight sensors.

All fans are controlled via frequency converters, which are directly connected 

to the Beckhoff Embedded PCs via analog outputs (0 – 10 VDC). All control 

processes (set value and actual speed values) are computed on the controllers. 

“This control technology enables us to integrate all aspects of building services 

even at a later date should special requirements emerge in the future,” said 

Markus Gimplinger.

Other important components of the HVAC systems at Hotel Grischa are the 

measuring points for electricity, water and electrical energy consumption. Alt-

hough an energy management system has not yet been implemented, Markus 

Gimplinger points out that this is quite likely to happen in the future. After all, 

Hotel Grischa has a 266 m² solar system, a heat pump and a heat recovery sys-

tem, which together cover 50 to 60% of the total heat demand. The measuring 

points for consumption data metering are also connected to the Bus Terminal 

I/O via M-Bus. The data of the main electricity meter are read by the building 

management system via the Modbus TCP/IP bus system.

Central temperature and lighting control

At first glance the room automation in the hotel rooms seems rather modest. In 

addition to IT systems, guests have the usual options for switching lights on and 

off, although there is no operating panel for individual room control.

In the reception area of Hotel Grischa a 

large “light sculpture,” consisting of 1,400 

Murano glass pendants, provides a unique 

ambience. The two-by-seven meter light 

sculpture is controlled via an EL6851  

the DMX terminal from Beckhoff, which 

enables dynamic play of light and colors.
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The philosophy at Hotel Grischa is that individual room temperatures should  

be controlled centrally via the reception. All rooms have room temperature 

sensors, underfloor heating and ventilation facilities, which can all be cont-

rolled individually via the central control system. The shading devices are also 

controlled locally, based on the data from the weather sensors installed on the 

main building.

A different automation concept was implemented for the suite. Here, EIB/KNX 

control units for individual room control are used, with the option of calling up 

different lighting scenarios. The suite has its own control cabinet, located in a 

side panel in the foyer.

Customizable room control for flexible room configurations

In the conference rooms and restaurants, which can be combined to form larger 

units as required, the lighting is controlled via EIB/KNX room control units and 

DALI technology. Markus Gimplinger explained that the customizable room 

configuration enables Hotel Grischa to act as a venue for a wide range of 

meetings and conferences of different sizes. “Here too, the special features are 

in the details: For example, the locations of the removable walls are visualized 

on the touch panel. By tapping with a finger, partitions can be marked as open 

or closed so that the individual room control can be adapted to the respective 

spatial situation,” said Markus Gimplinger.

DMX technology is not only used for an impressive “light sculpture” in the 

reception area of the hotel, but also for controlling the lighting in all elevators. 

The EL6851 DMX terminal enables dynamic play of light and colors.

Expandable control system is ready for the future

The central control system runs on a conventional PC and covers all system 

configurations for the whole building automation concept. Only a few people 

have access to the password-protected system. “All staff can view the system 

visualization, but changes can only be implemented with permission,” said 

Markus Gimplinger.

All control tasks can be visualized and initialized via the control system. Via lists, 

all doors, rooms and lighting installations can be called up for the purpose of 

individual room control. It goes without saying that the heating and ventilation 

systems are also fully visualized. “At the system screens the operator can visu-

alize the respective control task,” said Markus Gimplinger. “For example, status 

messages with different colors indicate the state of the different components 

when the lighting zones are viewed.”

The developer – Goodfast BV Davos – and the hotel management are very 

satisfied with the results. Manager and President of the board of directors, 

Maurice Parrée and Markus Gimplinger, Manager of simconex, are aware that 

the building automation “wish list” remains open, so that additional measures 

can be realized in the future.

Further Information:
www.hotelgrischa.ch

www.simconex.com

www.beckhoff.ch

(f.r.t.l.): Markus Gimplinger, Manager of 

simconex, in conversation with Daniel 

Rothenberger, Building Automation Sales 

Manager at Beckhoff Switzerland, in front 

of the control cabinet on the fourth floor 

of the new hotel wing.
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The four-star Hotel Grischa was built using 

the shells of two existing hotel buildings as 

a basis. The two buildings “Caprice” and 

“Terminus” are linked by a new wing.
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State-of-the-art energy and space management in Austria’s Ferry Porsche Congress Center   

The best among  
the congress centers

The Ferry Porsche Congress Center in Zell am See, Austria is an excel-
lent example of how buzz words like comfort factor, energy efficiency 
and sustainability are not always empty promises. The multi-functional 
building has room for up to a thousand visitors and impresses event 
and conference managers with its almost unlimited flexibility in space 
configuration. The prerequisite for this is an innovative building control 
system, which was implemented with intelligent, integral building au-
tomation technology throughout from Beckhoff. 

The modern architecture of the building, consisting of two interpenetrating 

cuboids, was designed by the two German architectural firms Perler & Scheu-

rer and Giesecke & Schetter. The FPCC facility opened in 2007 after a const-

ruction period of just 14 months. 
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Opened in summer 2007 after a construction phase lasting just 14 months, 

the Ferry Porsche Congress Center (FPCC) wins visitors over with its concept 

of modern architecture, innovative technology, flexible interior layout. “The 

FPCC offers more than 2,100 square meters of space for concerts, conferen-

ces or private parties,” says Alexander Höller, Managing Director of the Ferry 

Porsche Congress Center. “Thanks to sliding walls, up to 32 different room 

configurations are possible, ranging from 33 m² as the smallest unit up to 

1,200 m² as the largest,” reports Alexander Höller. “The environment in each 

room can be individually controlled, from the lighting, to the ventilation, and 

to the provision of shade. The FPCC building is essentially a dream, the envy 

of many in the industry.” 

Improved energy and management efficiency

The basis of this flexibility is the building automation – which is where the 

automation expertise from Beckhoff factors in. “With the Beckhoff system, 

the building technician has at their disposal an array of tools with which 

they can make each individual discipline such as the HVAC, lighting, shading 

etc. communicate with one another and interconnect intelligently,” explains 

Christian Pillwein, Head of Building Automation at Beckhoff Austria, detai-

ling the advantages of the PC- and Ethernet-based solution. “With the FPCC, 

we wanted to plan and build an exceptionally efficient building. For me, the 

point was not to have as much technology as possible, but only as much 

technology as necessary,” comments Claus Salzmann, Proprietor of the 
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that the system works, is easy to use and is equipped for the future;  

in other words, that it can be extended,” says Alexander Höller from the 

FPCC. To ensure this flexibility and ease of use, a modern and intelligent 

building-management system is needed. The control platform consists of 

five CX1000 Embedded PCs from Beckhoff, to which the Bus Terminals 

are directly connected. A total of 5,800 software data points are captured.  

The building network is entirely Ethernet-based. The numerous interfaces 

in the Beckhoff Bus Terminal system enable almost all building bus systems 

to be connected, such as EIB/KNX, MP-Bus, DALI, RS-485, etc. The operator  

or user of the building therefore has the complete flexibility to implement 

additional improvements in the areas of energy efficiency or comfort, for 

example.

Monitoring and operation are managed through 10 Beckhoff CP6700 touch 

panels. The functions that have been incorporated in the building manage-

ment system are diverse and range from HVAC control through intelligent 

lighting control to multimedia integration and even stage technology. At 

the controller level, the complete control and regulation technology was 

implemented with time-saving function blocks that are included in the  

TwinCAT software library. “The Beckhoff system offers the full functionality 

of a modern building management system from operation, visualization, con-

figuration, data recording and analysis, all the way into alert management,” 

says Gerald Weixlbaum, Head of Sales at ABM Systems. 

planning office ETS and responsible for the planning of the FPCC. “In many 

buildings, widely differing HVAC and electrical systems are used in parallel, 

which creates additional costs in the areas of energy and management. 

Starting with the lighting, continuing with the ventilation and the access 

control and right up to the stage technology, our aim was to automate 

comprehensively, to monitor, and thereby to optimize.” 

This was made possible by perfect interplay between all the participants: 

investors, building operators, and architects, the planner Claus Salzmann, 

Schubert Electroanlagen GmbH, who performed the work on site, ABM 

Systems, who took over the programming and visualization, and Beckhoff as 

the supplier of the automation solution. To give some idea of the planning 

and cabling work, Johann Buresch from Schubert Elektroanalagen provides 

a few numbers. “We laid a total of approximately 72,000 meters of cable. 

On top of that, there are around 10,000 meters of data cables, about 15,000 

meters of cable for the stage technology, 214 automatic fire detectors 

and 24 pushbutton alarms as well as 2,600 lineal meters of heating and 

plumbing pipes.”  

Adaptable and user-friendly

“Right from the beginning, the system’s user-friendliness and flexibility  

were all-important to us. We didn’t need to know what processes and  

computer programs were running in the background. It is vital for us  
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FPCC wins international competition

Winning the Europe’s Best Conference Centre award proves that the plan-

ning and implementation of the Ferry Porsche Congress Center (FPCC) was 

completed with a world class finish. Each year the British trade magazine 

“New European Economy” honors outstanding achievements and visionary 

service providers in the business and financial world. In 2010 an indepen-

dent expert jury named four finalists in each of five different categories for 

the competition. Beating impressive rivals from Germany and Norway, the 

winner of the award for “Best Conference Venue 2010” was the FPCC in 

Zell am See.

The Ferry Porsche  

Congress Center team 

with the award for the 

“Best Conference Venue 

2010”: (left to right) 

Michael Bischof, Nicole 

Heinze, Alexander Höller, 

Elisabeth Hechenberger, 

Roman Radmoser.  
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Intelligent lighting controller lowers energy 
consumption and saves costs

Marostica, a medieval town in the province of Vicenza in northern Italy, is known primarily for a chess game played with living 
figures. The event follows an old tradition, taking place for visitors every two years in September on the grounds of the market-
place. However, the historic town not only stands for culture, tradition and history; its efficient energy management of the town 
lighting also proves that, while honoring the past, it is also looking to the future. By means of an intelligent automation solution, 
the town leaders succeeded in considerably lowering the energy consumption for the lighting of the town center at night without 
negatively affecting the atmospheric illumination.

Giuseppe Marchiorato, who is responsible for the environmental department as 

well as the maintenance and the improvement of Marostica’s historic buildings, 

explains that the council has participated since 2014 in a joint plan of action 

for sustainable energy, specifically working toward the efficient use of energy. 

Accordingly, the mayors in the region have agreed to lower CO2 emissions by at 

least 20 % by the year 2020. It is a goal that necessitates a series of measures, 

such as upgrading green spaces, increasing the energy efficiency of public buil-

dings, or the installation of photovoltaic systems.

The administration in Marostica has already taken an important step: the lighting 

of the historic town center at night, which had previously accounted for 10 % 

of the total energy requirement of the municipality with its 14,000 inhabitants, 

now saves a considerable amount of energy through modern automation tech-

nology. “The goal of the conversion was to gradually save energy during the 

night hours, while maintaining safety and an appropriate lighting standard for 

the historic town center,” explains Giuseppe Marchiorato. The traditional method 

of simply switching the lamps on and off was replaced by a system that is able 

to intelligently control lighting scenarios in such a way that the light intensity 

of the individual light spots or groups of light spots can be varied depending on 

the time of night or day.

Intelligent lighting control leads to energy savings  

of up to 40 %

To accomplish this goal, the illumination of the historic town center was divided 

into five sections, controlled by a Beckhoff CX1010 Embedded PC as a master 

device, along with four Ethernet controllers from Beckhoff in the BX9000 series 

that act as slaves. Communication takes place via DALI. The master, to which a 

twilight switch is connected, controls the switching on of light spots and their 

luminosity on the basis of preset light scenarios. The lighting is programmed in 

such a way that the luminosity of the lamps is reduced by 20 % after 10 pm and 

by 50 % from midnight until they switch off in the morning. Apart from reducing 

the light intensity, the town administration now also uses energy-saving lamps, 

which provide a sufficiently bright, warm light. “Over the total switch-on time 

of the lamps, we save about 40 % of the electricity costs – amounting to around 

€10,000 per year,” says Giuseppe Marchiorato.

Simple handling via remote control

A further benefit of the intelligent lighting control is simplified operation and 

maintenance. “This can take place both locally and via remote control,” stresses 

Giuseppe Marchiorato. “If we want to vary the parameters for switch-on and 

luminosity, as may be required for concerts, markets, or other events, we can 

Impressive illumination shows a historic old town in the ideal light
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change the lighting scenarios in certain parts of the town center both individu-

ally and together. The council technician no longer has to stand at the central 

control console to do this, however; it can be done more easily by remote control 

via the Internet on a PC, tablet or smartphone.”

PC Control enables flexible system expansion

Giuseppe Marchiorato also regards the openness of the Beckhoff control solu-

tion and its modularity as great advantages which will allow expansion of the 

lighting system at a later date. “The Beckhoff Bus Terminal I/O system offers a 

wide range of interfaces, enabling the integration of other bus systems such 

as EIB/KNX, Modbus, and AS-Interface, and avoids any limitations with future 

expansions.” New functions can simply be realized by adding further Bus Termi-

nals, so the council is planning to gradually convert further light spots. These will 

be simple to implement, through the modularity of the I/O system.

Marostica is known primarily for a chess game with living figures which, following a 

medieval tradition, takes place every two years in September at the marketplace.

The illumination of the historic town center was divided into five sections,  

controlled by a Beckhoff CX1010 Embedded PC along with four BX9000 series  

Ethernet controllers. By changing the parameters, the lighting scenarios in certain 

sections can be varied both separately and together.

Modern lighting control lowers the energy requirement of the atmospheric night  

illumination of the historic town center of Marostica by around 40 %.
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Commissioned in 2013, a new energy center supplies heat and electricity 

for Hermos’ Mistelgau site in Germany. In addition to supplying energy, 

it serves as an advanced research facility for technical and economic 

examination of system designs comprised of different energy converters, 

storage solutions, and distribution systems. Based on energy demand data 

and expected price trends on the energy market, Hermos aims to develop 

economically viable, environmentally sustainable heat and electricity 

supply modes.

The complexity of the energy concept results from the large number of 

different energy converters, including a CHP unit with 29.3 kW electrical 

and 63 kW thermal output, two reversible air/water heat pumps (60 kW), 

and a reversible brine/water heat pump (75 kW). Further energy conversion 

components include ground-source heat exchangers for passive cooling, an 

LPG condensing boiler (183 kW), two electrical heating elements (30 kW 

each) for covering peak loads in conjunction with the heat pumps, and a PV 

system (400 kWp). Electrical storage systems, and possibly an absorber, are 

scheduled to follow. This concept results in high overall security of heat and 

The Hermos energy center in Mistelgau, Germany is also used as a research facility and is currently being expanded with a battery storage system.

Innovative energy concept with  
high security built into the supply

PC-based control for heat and energy supply

In conjunction with a new building for switchgear production, international company Hermos AG realized an advanced 
energy center at its Mistelgau, Germany site. PC-based control technology from Beckhoff offers a common platform for 
automation and building management.
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Further information:
www.hermos.com
www.beckhoff.com/building

electricity supply. For example, short-term mains failures can be compensated 

by the PV system and the electricity storage systems.

High-performance and flexible control technology

A powerful CX2030 Embedded PC with Intel® Core™ i7 processor (dual-core) 

is used as the automation platform to control all system components. For 

data acquisition, a large number of EtherCAT Terminals for digital and analog 

I/O signals including EL34xx power measurement terminals are used. The 

consumption meters, e.g. for electricity and water, are seamlessly integrated 

via KL6781 M-Bus master terminals. Frank Speringer, who works in Marketing 

and Sales at Hermos, explains the benefits of PC-based control technology 

from Beckhoff: “We have been using PC Control since 1996. The main reasons 

include the fact that it was quite easy to integrate into our IT system, and 

the high efficiency and tremendous flexibility the system offers, through its 

modularity and openness. This means that Beckhoff components can be used 

in virtually all applications – as well as in our customer projects. An additional 

advantage, particularly for the energy center, is the high computing power, 

which enables the building management server/client application and the 

automation functions to run on a single Embedded PC.”

The parameters required for system operation are mapped on the higher-level 

FIS# management and operating system from Hermos, which is integrated 

into TwinCAT automation software from Beckhoff via an FIS#ads driver. The 

integration of weather forecasts enables forward-looking and balanced ma-

nagement and operation of the energy converters and storage systems. All 

electrical and thermal consumption data of the units within the system are 

monitored via meters which are connected via M-Bus to the FIS# for analysis.

An FIS#client, with a 19-inch multi-touch CP2919 Control Panel from Beckhoff, 

is available for local operation and monitoring of the system. According to 

Frank Speringer, the operator benefits from advanced multi-touch functiona-

lity with zoom and swipe functions. Visual effects ensure that the currently 

active system configuration is clearly displayed to the operator. A partial 

technical data server (PTDS) handles local data acquisition and preprocessing. 

It is connected to the central management server of the FIS# system at the 

Mistelgau site via fiber optic cable.

The 19-inch CP2919 Control Panel with advanced multi-touch functions such as zoom 

and swipe facilitates system operation and monitoring.

Beckhoff control technology not only offers flexibility and high processing power, 

it is also exceptionally compact.
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2000. The tunnel ventilation requirements also had to be reworked after the 

introduction of catalytic converters and the reduction in exhaust emissions 

that occurred as a result. The ventilation concept, originally only conceived 

for normal operations, has been designed for event mode (operations in the 

event of incidents), and in the event of fire, in particular.

The “General Technical Specification” (GTS) prepared by the Basel Federal 

Highways Civil Engineering Office includes guidance documents for planning 

and execution of information flow, signaling concepts, and control of the 

Nordtangente. It explicitly describes the requirements on the hierarchically-

ordered operations, process, group management and field levels. In particular, 

these contain the process computers (master computers and group com-

puters), including the linking of processes to the supervisory management 

system (node computers). Furthermore, the GTS controls the connection of 

the actuators and sensors at the field level to the group management level. 

The concept differs from that of other tunnel facilities in terms of consistent 

implementation and integration into a complete system with functions and 

components that are clearly aligned with one another. For the safety of road 

The Basel N3 Nordtangente is one of the most ambitious and expensive sections of road ever been built in Switzerland. 
The 3.2 km long, four lane urban expressway linking Switzerland with France and Germany, and running below ground 
for the most part, cost around 1.2 billion euros. Around 124 million euros has been invested just in the operations and 
safety systems, which are controlled using Beckhoff technology.

Nearly 50 years after the start of planning and 13 years after the first shovel 

hit ground in 1994, the main section of the Nordtangente was opened to traf-

fic in June 2007. A year later the Basel urban expressway was fully opened.

Consistent implementation integrates all functions  

into one comprehensive system

The Federal Highways Civil Engineering Office in the Department of Planning 

and Building Inspection in Canton Basel-City was responsible for planning 

the Nordtangente. Under the project management of Eugen Fuchs, detailed 

and forward-looking technical specifications were prepared for the required 

control equipment for the project. A particular challenge was that, because 

of the long period of time over which construction took place, modifications 

were made time and again regarding both the technology and the range of 

products available. As a result, technical installations implemented in 1999 

were already being reworked and sometimes replaced in 2003. Because 

of the major accidents that have occurred in other European expressway 

tunnels, a fundamental reassessment of the safety concepts took place in 

Embedded PCs process 40,000 data 
points on the Basel Nordtangente
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users and the optimal flow of traffic, all electromechanical equipment and traffic 

management technology for both the Basel Nordtangente and Osttangente  

(tunnels and above-ground sections) have been brought together and integrated 

into the supervisory management system.

Complex network concept

The process management system is structured in a strictly hierarchical manner.  

The reason for this hierarchical structure lies in the desire to establish autonomy 

for the individual levels, i.e., each level must functionally and technically form 

an independent unit and cannot be dependent on the fundamental functions of 

the level above. This ensures that in the event of failure at one level, the func-

tionality of the level below is not affected. If normal operation of a system fails, 

a contingency level immediately takes over the functions. If, for example, the 

communications network fails, the most important signals are transmitted via 

exchanges between hardware.

In addition to the supervisory operations management system, individual systems 

for lighting, ventilation, safety, traffic management, energy supply/miscellaneous, 

and contingency level have been specified for the project in six electrical plants. 

Related individual systems are brought together in supervisory systems, but ope-

rate autonomously as much as possible. 

Three different networks constitute the infrastructure for all of the Nordtangente 

systems: 

| an Ethernet ring with a data transfer rate of 10 Gb/s 

| a 100 Mb/s Ethernet ring for the contingency level (a second redundant com- 

 munications route with its own optical fiber links) 

| a 100 Mb/s Ethernet ring for each of the six system controls with its own  

 optical fiber links

On the basis of the specifications established by the Basel Federal Highways Civil 

Engineering Office, all computers coupled to the 10 Gb Ethernet network have 

been linked via TCP/IP with a virtual local area network (V-LAN) for each system. 

Each system has access to its own network; the electrical plants are electrically 

isolated from one another. Communications on the operations manage ment 

level take place via Ethernet using the Process Visualization and Control Sys-

tem (PVSSII). Communications between the systems level and the operations 

management level, and also within a level, take place via TCP/IP Ethernet/Fast  

Ethernet using OPC and the Beckhoff TwinCAT ADS software. From the systems 

level to the group management level communications similarly take place via Fast  

Ethernet and TwinCAT ADS.

Kopfrechner

Gruppenrechner

ADS ADS

ADS

ADS

ADS

TwinCAT

ADSOPC Server

OPC Client

PVSS II

PLCOPC 
DA/DCOM

Ethernet

Control 
Panel
CP6903

IPC C6925

CX9001

Communication architecture of the master  

and group computers
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packages for tunnel facilities operating across plant systems. Ticos’ managing 

director Kurt Salvisberg stresses: “We received very good specifications from our 

client. In the implementation we were also able to specify very clear structures 

so that we only had to replicate these in our programming.”

The operations management level with its node computers represents the super-

visory management system (IS) that enables the central control, visualization and 

monitoring of all the other systems. Each IS node computer is therefore equipped 

with a local visualization capability. 

The systems level is structured in technical data terms as a systems network with 

TCP/IP Ethernet, and encompasses the master computers. Control of the systems 

takes place at the systems level in an autonomous and decentralized manner,  

i.e. even in the event of a failure at the operations management level, the master 

computers autonomously execute control of the processes that are subordinate 

to them. A total of 35 Beckhoff C6925 series Industrial PCs are deployed as 

the master computers, together with Beckhoff type CP6903 control panels for 

visualization purposes. 

The group management level positioned below the operations management level 

consists of compact Beckhoff CX9001 Embedded PCs. Via TCP/IP Ethernet these 

control the actuators and sensors connected to the Beckhoff Bus Terminals, such 

as e.g. relays, contactors, etc. Windows CE is the operating system for the CX9001 

group management computers with TwinCAT as the software PLC. At the group 

management level there are 185 total CX9001 Embedded PCs with implementa-

tion of nearly 40,000 physical data points.

The field level consists of decentrally installed Bus Terminal stations. The special 

features of the Bus Terminals used include, alongside the analog Bus Terminals, 

DALI communication terminals that are used to control the lighting. All measure-

ment inputs have been implemented as extensively as possible in terms of current 

inputs (4 to 20 mA), with the objective of creating clearly measurable interfaces.

Proven in daily operation

The hierarchical system structure, as well as the distributed concept of the solution, 

prove themselves daily in terms of trouble-free operations. The process images of 

the control system represent the individual systems and contain the appropriate 

Hardware and software redundancy guarantees reliability
In terms of software, the communication links are all structured in accordance with 

the client-server principle. This means that the communications client (an IS server) 

links with the communications server (a master computer for each system and 

electrical plant). The server is able to manage a number of links to several clients 

simultaneously. The use of automatic supervisory circuits has been avoided as far 

as possible; supervisory functions have been implemented at the process level in 

order to minimize the number of special cases.

The redundancy principle as implemented is not based purely on hardware red-

undancy, but incorporates software redundancy as well. A second server collects 

the relevant data, independently of the first, and executes the corresponding 

functions. The redundant system stops short of activating the components that 

are already active. A sophisticated monitoring procedure detects any failure of 

the computer that is in control; in this event the second computer takes over the 

functions of the first. The first computer changes its status to that of a redundant 

server and no longer executes any active commands or switching procedures. 

Should, for whatever reason, the first server not alter its status, it is locked out 

by the second, i.e. two servers never execute automatic switching commands at 

the same time. The operations stations recognize the status of each server and 

communicate exclusively with the active server.

Robust and reliable control platform

The Basel Federal Highways Civil Engineering Office specified Beckhoff automa-

tion components after a fundamental evaluation of the market. “The decision to 

comprehensively utilize Beckhoff hardware components was made on the basis 

of their robustness and proven deployment in industry,” explains Eugen Fuchs, 

the Civil Engineering Office manager responsible for the project. “Further positive 

points include the many opportunities for software coupling using Microsoft’s 

Windows XP Embedded and Windows CE operating systems, the IEC 61131-3- 

based software PLC TwinCAT, and OPC or OLE for process control (Object  

Linking Embedded).” 

Ticos AG, based in Feuerthalen, Switzerland, was contracted to create the  

complete software system; the company has experience with large control 

Kurt Salvisberg, Managing Director of Ticos AG: 

“We received very good specifications from 

our client. In the implementation of the control 

package for the total system, we were likewise 

able to specify very clear structures.”

Eugen Fuchs, Project Manager, Basel Civil  

Engineering Office: “The decision to compre-

hensively utilize Beckhoff hardware compo-

nents was made on the basis of their robust-

ness and proven deployment in industry.”

68 worldwide | switzerland       Published in PC Control 01 | 2011



situations, to close individual lanes, to transfer people or vehicles to the adjacent  

service tunnels, etc.

The “Energy Supply/Miscellaneous” system monitors all infrastructure systems of 

the electrical plants, such as building fire alarm systems, system safeguards, energy 

inputs, transformers, measuring units for the central building and infrastructure 

systems. 

Integration of existing sub-systems optimizes monitoring  

and reduces costs

During project implementation, the existing Osttangente sub-systems put to-

gether in the years 1970 to 2003 have been linked onto the IS. By virtue of this 

comprehensive integration, all information and intervention options are available 

on a common platform to the operators. All current and future data points are 

recorded in a consistent and cost-effective manner by the flexible Beckhoff group 

computers using the extensive selection of terminals. Roland Gysin of “North-West  

Switzerland Federal Highways AG” (NSNW), who is responsible for the operation 

and maintenance of the urban expressway, comments on the experience to 

date: “The system runs very stably, and we very seldom have any malfunctions. 

Previously we paid more for maintenance of just the management system than 

maintenance costs us for all the systems today.”

The investment for all the operations and safety systems is running at about 

124 million euros. A large part of this investment has in fact been for the safety 

of the tunnel user. The many measurement, control and regulation tasks could 

be fulfilled along with a level of future-proofing using Beckhoff technology. The 

complex status of the expressway monitoring system enables rapid and targeted 

intervention in the event of a malfunction and thus offers the maximum possible 

level of safety. 

Basel-City City Development Basel North  www.baselnord.bs.ch

Ticos AG  www.ticos.ch

Beckhoff Switzerland www.beckhoff.ch

graphical elements for status displays and interventions, instigated by sensor 

signals from the field level. The systems, while acting autonomously, also work 

together with the control technology in an optimal manner: important alarms and 

faults are forwarded via remote alarm systems. 

For example, all relevant information, including the air speed measurements that 

are necessary for ventilation system operation, are available for the ventilation 

plant process images.

Tunnel control package includes a wealth of functions
One of the central elements for safety is the control of the tunnel ventilation. The 

safety of the tunnel user and the sequence of events that occur in the event of a fire 

are massively affected by ensuring the best possible flow conditions. The measuring 

units in the tunnel provide information to the control system at all times concerning 

the current flow and pressure conditions. From this data the control system calcu-

lates the necessary switching procedures for the 82 jet fans (with a total of more 

than 2 MW of power) in order to achieve the optimal pressure conditions. In this 

manner the escape routes are maintained to be free of smoke in the event of fire, 

and any migration of smoke into the adjacent service tunnels can be prevented.  

The safety system records all information relevant to safety for forwarding to the poli-

ce: the latter are, e.g., immediately informed if an emergency exit door is activated, if 

a vehicle is stationary in the tunnel, or if a fire extinguisher is taken out of its cradle.

Similarly, the control system for the lighting plant makes available all the relevant 

information that is necessary for operating the various lighting systems: e.g. manual 

or automatic activation of various modes of operation, such as emergency operation 

or fire/accident. Light sensors measure the external level of brightness and regulate 

the adaptation level of the lighting so that the human eye can become accustomed 

to the reduced light levels when entering the tunnel. Light sensors in the tunnel 

measure the effective level of illumination and by this means permit corrections for 

any contamination and aging of the lighting equipment. 

A complex traffic management system undertakes the control of the traffic, so that 

all operating states that occur can be dealt with without causing any difficulties 

for the user. The signaling system serves in the first place to close the tunnel, i.e. 

the tunnel’s entries and exits, to warn the road users of a variety of hazardous 

After a history of some 50 years of planning and building, the main  

section of the Basel Nordtangente became operational in mid-2007.  

With the opening of the Luzerner-Ring junction, the historic Basel 

Nordtangente project is complete. Of the 3.18 km length of the urban 

expressway, a total of 2.79 km take the form of tunnels or bridges. 

The Nordtangente starts from France with a 240 m long above-ground  

section and then moves into the Großbasel Tunnel (1432 m). On the east 

side of the St. Johann rail station, the section proceeds under the very 

busy Voltastrasse to the Rhine. In this section the 600 m long St. Johann 

link also branches off underground. At the Rhine, the expressway emer-

ges from the tunnel and proceeds via the two-level 266 m long Dreirosen 

Bridge into the 1092 m long Kleinbasel Tunnel. The last section guides 

the expressway onto the existing ramp of the Osttangente. Thanks to  

its five junctions, the Nordtangente can not only accommodate the 

through traffic to and from France, but also a large proportion of the 

urban traffic and can thereby alleviate the levels of noise and traffic  

suffered by some residential areas.

System overview of the Nordtangente safety system. There are  

185 total CX9001 Embedded PCs in the group management level  

with implementation of nearly 40,000 I/O connections.
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Innovative light control in Hamburg’s new musical theater

The new “Stage Theater an der Elbe” in Hamburg, Germany opened in November 2014 with the world premiere of the musical, 
“Das Wunder von Bern” (The Miracle of Bern). The facility is the first new theater built by musical production company Stage 
Entertainment, and sets new standards in the world of musicals for advanced stage equipment. The success story of Stage Enter-
tainment – which operates 25 venues around the word, including eleven in Germany – began in 2001 with a performance of 
Disney’s “The Lion King”, which has delighted audiences to the tune of over 10 million attendees to date.

With “The Miracle of Bern” (which is based on the Sönke Wortmann film of 

the same name), Stage Entertainment producer and owner, Joop van den Ende 

deliberately decided on a production with a German theme. Set against the 

background of the German post-war era and featuring a touching father/son 

story, the musical tells the story of Germany’s first World Cup soccer title in 

1954. The “Stage Theater an der Elbe”, with investment costs estimated at  

65 million euros, was built in less than three years in the port area of Hamburg. 

The impressive building, with its high glass façade and domed roof with shim-

mering stainless steel shingles, was built on steel and concrete supports drilled 

into the Elbe River sand. Various foyers, the auditorium, with a capacity of 

1,850; the main stage with an area of almost 350 m²; the two auxiliary stages; 

the service building with dressing rooms; as well as the workshops and plant 

rooms, cover an area of 10,200 m². The “Stage Theater an der Elbe” meets all 

the requirements of a modern musical theater and a global destination, desig-

ned with Stage Entertainment’s very elaborate productions in mind.

Flexible lighting control via Embedded PC and DMX Terminals

Playing key roles in modern musicals  –  in addition to the music, songs, dance 

routines, stage design and costumes  –  are light, sound and special effects, 

much more so than in classical theater and opera performances. Lighting, 

in particular, is an important tool to grab the attention of viewers, create 

tension, and to rouse emotions. In addition to the stage lights, so-called non-

dims (switchable power supplies), blue light, backstage way lighting, video 

streams, and architectural lighting installations must be controlled. Typically, 

this is accomplished with a lighting control console. “In addition to the main 

lighting control console, we have a second, independent lighting control 

system referred to as Scenestore, which we use for rehearsals or for backup 

lighting in the event of a fault,” said Andy Peistrup, Stage Entertainment’s 

lighting coordinator. “In lighting control systems, we often have the problem 

that, in principle, only one DMX transmitter feeds into the system. Even in 

constellations with a main desk and an emergency desk, the DMX output 

Beckhoff lighting control for the musical,  
“Das Wunder von Bern” (The Miracle of Bern)
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takes place at a single point. If this device fails, the lighting system, including 

the room light, is no longer controllable, and the auditorium and the stage 

are in the dark. The Scenestore, developed by Stage Entertainment, enables 

the room light to be activated in the event of a fault, and the data from the 

lighting control console to be suppressed. Power supplies that are switchable 

via DMX (non-dims), such as for moving lights or video cameras, can also be 

controlled with the Scenestore.

“If there is ever a problem at the lighting control console, for example a short-

term DMX loss during saving, fixture cloning, or rebooting, the non-dims are 

de-energized and these consumers are switched off. Restarting and activating 

a rig with possibly 120 moving lights may take 15 to 20 minutes,” said Andy 

Peistrup. Failure of the blue light could severely disrupt a show. “That’s why 

it is important to be able to control these ‘channels’ independently,” noted 

Stage Entertainment’s lighting expert. “This is where our Scenestore control 

panel comes in, controlling the channels independently of the lighting control 

console. The channels remain at their set values – regardless of the state of 

the lighting control console and/or the operator.” Scenestore is also used 

during rehearsals: the saved lighting scenes can simply be called up through 

the control panels on the stage or by the usher, thereby avoiding the need to 

start up the lighting control console. A specialized lighting technician is no 

longer required. The same goes for maintenance or cleaning operations, as 

Scenestore, or various flexible auxiliary control panels, enable the room light 

to be switched on without the need to power up the main lighting control 

panel. The auxiliary control panels are linked to the central controller in the 

control cabinet and can also be locked from there.

The Scenestore is controlled by a CX5010 Embedded PC with directly attached 

DMX terminals and further I/O modules for controlling distributed sensors 

and actuators. “We decided to use the PC-based control platform because 

it is designed for continuous industrial operation, and components can be 

supplied within 24 hours. With a total of nine performances running seven 

days a week, reliable technology is a must-have for us,” Andy Peistrup added. 

“The operating system and programs are stored on a removable memory 

card, so that system troubleshooting and service are easier in the event of a 

fault. After our first positive experience with Beckhoff, we intend to use the 

technology in other shows.”

Further information:
www.stage-entertainment.com
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Hamburg’s new “Stage Theater an der Elbe” opened in November 2014 with the 

world premiere of the musical “Das Wunder von Bern” (The Miracle of Bern).

The “Stage Theater an der Elbe” in Hamburg, Germany is the first new theater 

building created by musical production company, Stage Entertainment on its own. 

It is equipped with state-of-the-art stage technology and breaks new ground in the 

world of musicals.
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Scenestore is a secondary lighting control system developed by Stage Entertain-

ment. The system is independent of the main lighting control console and used for 

rehearsals as well as for backup in the event of a fault.
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Automated stage technology at the Royal Danish Theater in Copenhagen

The playhouse at the Royal Danish Theater in Copenhagen serves as Denmark’s center for dramatic arts programs. In addition to the 
actors’ performances, advanced stage technology plays a key role in the production of the theater’s impressive shows. A prime exam-
ple is the movable stage turntable, produced by German manufacturer HOAC and intelligently controlled by a Beckhoff Embedded PC.

Established in 1985, HOAC Stage Technology GmbH, based in Moers, Ger-

many, develops and manufactures aluminum-based systems and machine 

components for theater and stage technology. Supported by leading-edge 

PC-based control technology, the system-compatible structures offer a high 

degree of flexibility and functionality. The company is EN 1090 1-3 and ISO 

3834 certified, represented in almost all European countries as well as the 

major theaters in North America and Asia and provides cross bars, stage and 

ballet carts, as well as stands and curtain pulley systems. HOAC also supplies 

stage turntables, which are available in various sizes, with internal or external 

drives, and with manual or programmable control.

Movable turntable for the new playhouse

The Royal Danish Theater – Det Kongelige Teater – in Copenhagen was 

established in 1874. The new Royal Opera was opened in 2005, and a new 

playhouse was built in 2008 to provide adequate space and advanced stage 

equipment for all performance types. At the time, the designs for the play-

house had to be scaled back to some degree, in order to meet budget and 

time constraints. For example, the turntable that had been proposed for the 

stage machinery was not realized, despite the fact that enough space would 

have been available.

In 2013, this deficiency was rectified using a movable turntable from HOAC, 

as managing director Dr. Gabriele Hogg explains: “We used a 16 x 16 meter 

scenery wagon, including a turntable with an integrated outer ring measuring 

15 meters in diameter. The scenery wagon moves from backstage to the main 

stage by means of four integrated motors, guided linearly by lateral rollers in 

the recessed platforms and is lowered to a depth of 30 cm. This enables fast 

switching between shows utilizing the turntable and shows that take place on 

the podiums of the main stage, for example. The turntable can even be moved 

during the rotary motion.”

Embedded PC controls all movements

Christian Leurs, who is responsible for design and process engineering at 

Embedded PC controls movable stage 
turntable at historic Danish theater
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The new playhouse in Copenhagen has three stages  

and can accommodate an audience of around 1,000.
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HOAC, describes one of the special design requirements necessary for the 

turntable: “For the Copenhagen project, a scenery wagon with integrated 

turntable had to be positioned using a bar code. Thanks to the flexibility 

of our system, we are able to move over a defined distance without actual 

data. Control is handled by a CX5010 Embedded PC with Intel® AtomTM pro-

cessor, as the flexibility and openness offered by PC Control from Beckhoff 

were particularly important to us. For example, it enabled the I/O level to be 

implemented in a compact and modular manner via EtherCAT Terminals, in 

particular the EL1008, EL2008 and EL2004 digital terminals, and EL3051 and 

EL4032 analog terminals.”

A further advantage of the openness of the system is simple and precise con-

trol of the asynchronous motor frequency converters via the EtherCAT Termi-

nals, as well as point-to-point axis positioning with TwinCAT NC PTP software. 

Added to this is the use of established IT tools, as Dr. Gabriele Högg explained: 

“The turntable controller can store the programs for up to 10 different shows, 

with up to 50 scenes each. These can be easily transferred to a USB stick and 

edited in the form of an XML file. Another very important aspect for us is 

remote maintenance, which is also easy to implement with the corresponding 

option that is integrated in Beckhoff controllers.”

Further information:
www.kglteater.dk
www.hoac.de/en
www.beckhoff.fi
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A high-performance and very compact control system was 

implemented using the CX5010 Embedded PC and EtherCAT Terminals.

The turntable at the Copenhagen playhouse can not only be rotated 

but at the same time moved from the backstage to the main stage.



doors, with which the reverberation time of the sounds can be adjusted, 

depending on the effect desired by the musicians. 

Beckhoff Embedded PC optimizes the hall acoustics

The American company Artec Consultants Inc., which was founded by 

Russell Johnson and whose name is synonymous worldwide with the 

realization of concert halls, was commissioned to design these extraor-

dinary acoustics. However, during the use of the Sibelius Hall, which was 

The Sibelius Hall was built with the ambitious goal of creating unique 

acoustics, despite a comparatively low budget. In the implementation of 

the building, the architects Hannu Tikka and Kimmo Lintula made particu-

lar use of a natural material: wood. The side walls of the cuboid 1299-seat 

concert hall are made of veneered timber shells, which are filled with 

sand. Due to their solidity, the walls can also reflect low tones. In addi-

tion, the concert room is flanked by so-called echo chambers, which are 

as high as the building itself. They are equipped with 188 mobile wooden 

The Sibelius Hall in Lahti, Finland is renowned for its excellent acoustics, which were designed by the American 
acoustic designer Russell Johnson. It is the dynamics of the acoustics that are so special: mobile wall elements, 
so-called acoustic doors, make it possible to change and to dynamically adopt the room reverberation to suit the 
performance and the desired sound quality. As part of a controller relaunch on the basis of Beckhoff automation 
components, the adjustment of the acoustic doors has been optimized so that concert audiences can now enjoy 
perfect sound.

World class concert acoustics with  
Beckhoff automation technology
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completed in 2004, it was determined that the solution for the automatic 

control of the acoustic doors was unsatisfactory. As a result, the Finnish 

company Keraplast Oy, based in Orimattila, Finland, was commissioned to 

relaunch the controller. Keraplast installed a Beckhoff Embedded PC from 

the CX series as the central controller, via which the 188 door elements 

are controlled. Relay Bus Terminals distributed to five PROFIBUS Bus 

Coupler stations control the asynchronous motors. Feedback is provided 

by digital input terminals, which detect the positions of the doors and 

pass them on to the controller – a solution that is as simple as it is in-

expensive. “Beckhoff was chosen as control system provider because of 

really good pricing and industrial quality components. Now, the system 

has been proven to be really reliable in several events that have been held 

in the concert hall. Even though system layout is rather simple, the huge 

amount of controlled doors made an extra effort for the realization”, says 

Keraplast Project Leader Toni Potinkara.

The sound experts at the Sibelius Hall are satisfied with the results:  

The doors can be positioned accurately and with high repeatability, 

individually or in groups, so that the room is widened or narrowed 

depending on the desired resonance. In this way the reverberation time 

can be increased up to “cathedral reverberation”. In addition the CX 

has sufficient memory space to save a large number of door positions 

for different performances. A Beckhoff C5102 Industrial PC serves the 

musicians as a web server in order to access the position of each indi-

vidual acoustic door.

Sibelius Hall  www.sibeliustalo.fi/en/sibelius-hall 

Keraplast Oy  www.keraplast.fi   

Beckhoff Finland  www.beckhoff.fi

World class concert acoustics with  
Beckhoff automation technology

The acoustics of the Sibelius Hall in Lahti in Finland, which were designed 

by the legendary acoustic designer Russell Johnson, are world class. The 

side walls of the over 1299-seat concert hall are made of veneered woo-

den shells filled with sand, which ensure optimum resonance.
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The Sibelius Hall is flanked by wall-high echo chambers, which are equip-

ped with 188 mobile acoustic doors. A Beckhoff Embedded PC from the 

CX series controls the positions of the acoustic doors via the KL2612 relay 

terminals. The reverberation time can be precisely adjusted according to 

the resonance effect desired by the musicians.
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The stage has a total  

area of 20 m x 35 m, 

wherein the main area, 

the four movable podi-

ums, takes up a total area 

of 10.5 x 12 m.

View of the overstage 

machinery with the cable 

winches: following the 

complete rebuild of the 

stage, the Schauspielhaus 

in Nuremberg now has 

47 machine hoists for the 

backdrop, panorama, por-

tal, gallery lighting, over-

head lighting, rear stage 

and forestage hoists,  

ten point hoists and four 

lowering devices for the 

stage podiums, which can 

be moved independently 

of one another.
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Up to 14 different performances take place each week in the Schauspielhaus of the State 

Theatre in Nuremberg. This is possible only with ultramodern stage technology, with lif-

ting podiums, computer-controlled flies and turntable, as well as state-of-the-art lighting  

technology. For this reason the decision was made in favor of a general overhaul of the 

theatre: apart from the reception area, the renovation covered the seating and auditorium 

as well as the entire understage/overstage machinery. TTS GmbH was commissioned to carry 

out the entire renovation, from the steelwork through to the electrical and control installati-

ons. Specializing in technical theatre systems, TTS GmbH is based in Syke in north Germany 

and has been active in theatre and stage technology for 20 years and has used Beckhoff 

components since 2002. 

EtherCAT – high-speed Ethernet as the higher-level bus system

The stage control is subdivided into different task areas and functional areas, for which  

various Beckhoff Industrial PCs and the EtherCAT bus system are used throughout.  

(see page. 31) The main controller is a TTS computer, which is implemented as a cable-

redundant EtherCAT master. Safety functions are controlled via software specially develo-

ped for theatres. The back-up master computer is a Beckhoff C6340-0020 control cabinet  

Industrial PC running TwinCAT I/O software, which takes control of the cable-redundant 

EtherCAT network in the event of failure of the main computer. 

Three Beckhoff C6920 control cabinet Industrial PCs with customized operating panels are  

in use on the main and auxiliary control consoles; four more Industrial PCs control the  

understage/overstage machinery.

New control solution for Schauspielhaus renovation in Nuremberg

Complex stage and theatre technology  
with PC- and EtherCAT-based control
Flawless performances in opera houses and theatres require ultramodern and complex stage 
systems and technology. To meet these demands, the Schauspielhaus in Nuremberg, Germany 
has been completely renovated over a two-year construction period. The contract for the reno-
vation of the entire stage equipment was awarded to TTS Theatertechnische Systeme, who, for 
the first time ever, relied entirely on PC-based control technology from Beckhoff with EtherCAT 
connectivity throughout for this complex project.

In addition to the redesigned auditorium, the Schauspielhaus in Nuremberg now has  

ultra-modern stage equipment following the rebuild work, offering state-of-the-art  

working conditions and revitalized artistic/technical possibilities.
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TTS has been using Beckhoff components since 2002. “The use of local I/O  

peripherals from Beckhoff enables us to tailor our systems precisely to the 

needs of our customers. The successful introduction of the Bus Terminals was 

followed by a switch to Beckhoff Panel PCs and TwinCAT automation software,” 

explains Frank Kremer. “In the last step, which was the search for a bus system  

to suit our purposes, we decided on EtherCAT, which encompasses the most 

important characteristics for us: real-time capability, high bandwidth, cable  

redundancy and impressive diagnostic properties.”

The stage area is visualized and operated via software 

specially developed by TTS.

78 worldwide | germany       Published in PC Control 01 | 2011

Ethernet

Central control desk Secondary control desk Platform trap

Panel PC
CP7204 
(24-inch)

Stage manager's desk

Control Panel
CP6803
(19-inch)

C6920

Control Panel
CP7904 
(24-inch)

Control Panel
CP6802 (15-inch)

C6920

C6340-0030

DVI DVIDVI DVI

C6920

Control Panel
CP6802 (15-inch)

C6340-0030

DVI

Forestage

Control cabinet
Lower machinery

Control cabinet
Upper machinery

Stage trolleys PLCAverage PLC Remote maintenance PC Radio console PCBackup master PCMaster PC

Ring 3
TwinCAT master
Cable redundancy
404 devices

Ring 2
Third-party master
Cable redundancy
153 devices

Ring 1
Third-party master
Cable redundancy
82 devices

C6920 C6920 C6920 C6920
C6340-
0030

Panel PC 
CP6207 
(5.7-inch)

Panel PC 
CP6202 
(15-inch)

Backstage

Panel PC 
CP6202 
(15-inch)

Ring 4
TwinCAT master

67 devices

TTS 
EtherCAT 
master



Three CP6202 and CP6207 Panel PCs are responsible for the control of the stage 

manager’s console, the main stage and the forestage. The lowering of the platform 

is controlled by two C6340 control cabinet PCs with detached 15-inch panels.

More than 5000 I/O points are distributed around the stage area; these are mo-

nitored and controlled via 700 EtherCAT Terminals which are divided into four 

individual EtherCAT I/O strands or rings:

| Ring 1: TTS controller (C6340 Backup PC), cable redundancy: 82 devices

| Ring 2: TTS controller (C6340 Backup PC), cable redundancy: 153 devices

| Ring 3: Beckhoff C6340 IPC with TwinCAT master, cable redundancy: 

 404 devices

| Ring 4: Beckhoff C6920 IPC with TwinCAT master: 67 devices

The entire system can be controlled wirelessly from different control consoles, 

which are stationary, mobile or portable, depending upon the version. Eight  

customized control panels with touchscreen functionality are used, some with 

an integrated or a detached Industrial PC and display sizes ranging from 5.7 to  

24 inches. 

Scenery changes with the curtain open

Following the complete rebuild of the stage, the Schauspielhaus in Nuremberg  

now has 47 machine hoists, ten point hoists and four lowering devices (podiums), 

which can be moved independently of each other. The stage has a total area 

of 20 m x 35 m, wherein the main area, the four movable podiums, takes up a 

total area of 10.5 x 12 m. Each podium is equipped with a so-called tilting cover,  

which serves to tilt the entire podium surface by up to 10 degrees. In each tilting 

cover there are seven trap doors with electric drives, which enable the opening  

of the stage floor. Two lowering platforms can be placed on the lug subpodium 

of the podium under the trap doors. In addition, there is a foldable stage wagon  

with an integrated turntable of 10 m in diameter and a weight of 20 tons. If the 

turntable wagon is not in use, it is folded up at the rear of the stage and pulled 

upwards into a parking position. The lifting/folding movement is performed by a 

hydraulic cylinder that can pull up to 60 tons.

The technical functions of the stage offer a wide range of new possibilities  

for performances. One example of this is the open transformation of the sta-

ge, i.e. the scenery can be changed with the curtain open. To this end, the 

stage technician selects previously created movement sequences (so-called 

transformations) on the operator interface and subsequently executes them. 

Thus complex movements on the stage can be carried out at the push  

of a button. All driving modes are synchronized, so that synchronous move-

Frank Kremer, project manager at TTS Theatertechnische Systeme  

and Ole Sörensen, TTS software development

Hans-Helmut Mandel, Beckhoff Hanover Sales, supervised  

the implementation of the project in close cooperation  

with TTS Theatertechnische Systeme: “One of the absolute 

highlights of this application is the EtherCAT redundancy, 

which guarantees maximum availability.”

ments between the understage and overstage machinery are easily possible. 

“Theatre operators place great importance on safety and very high availability 

of the controller. Redundant EtherCAT bus masters and EtherCAT with cable  

redundancy have been used in order to guarantee compliance with the SIL 3 safety 

requirements,” explains TTS project manager Frank Kremer.

EtherCAT provides precisely synchronized movement sequences

There is an axis computer for each of the drives that need to be controlled, regard-

less of whether it is a backdrop hoist or a point hoist; a total of 70 EtherCAT drives 

were installed for this. The central computer from TTS controls the entire drive 

equipment. Each axis computer is responsible for the positioning and monitoring 

of the drive axis assigned to it, wherein it receives its drive commands and setpoint 

values from the master computer via a bus system. “With this latest controller ge-

neration we have used EtherCAT throughout as the bus system. EtherCAT combines 

the advantages of high bandwidth with real-time capability for the synchronization 

of the drives and with higher availability due to the cable redundancy characteris-

tics,” comments Frank Kremer. 

The dual-channel master computer evaluates the input data from the various 

control consoles and the drive commands from the individual drive levers. It also 

relays the data to the axis computers and controls the entire data communication 

of the controller, adherence to specified movement sequences and the positioning 

of the axes. The axes of the overstage and understage machinery can be controlled 

simultaneously from the master computer so that, for example, a podium and a 

backdrop hoist resting on it can be driven synchronously.

Everything available at a glance

“In conclusion, it can be said that our requirements and functions have been enti-

rely fulfilled by the new installation,” confirms Florian Steinmann, stage inspector 

at the Schauspielhaus in Nuremberg: “Due to the elaborate decorations and the 

increasingly complex and numerous transformations of the stage area, we are well 

equipped for the future, too, with the new stage machinery. The 24-inch displays 

provide an overview of the entire stage without scrolling the screen. The operation 

and monitoring of the complex system has become much simpler and is more user-

friendly as a result.”

TTS Theatertechnische Systeme  www.ttssyke.de

Schauspielhaus Nürnberg  www.staatstheater-nuernberg.de

Customized Beckhoff control panel on the main  

control console. The 24-inch display provides the 

stage technician with an overview of the entire  

system without scrolling the screen. 
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