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The City of Munich (LHM) began in 1986 with initial considerations for the 
introduction of a central control system. With the help of the research project 
MEMS1 funded by the BMBF, LHM developed a prototype for a company-
neutral control center to support facility management in the nineties, which is 
successfully used in Munich for building and energy management with 
corresponding further developments.  

The developments of the city are coordinated very closely with the Working 
Group Gebäudeautomation (AK GA) of the AMEV2. Thus, guidelines such as 
the GA2005 have emerged, which summarize the experience of the public 
sector in the planning, construction and operation of building automation and 
building management systems. The drivers used in Munich to connect 
proprietary or neutral bus systems of the automation stations to the company-
neutral control center can generally also be used by other municipalities 
without license fees. The MEMS system is tailored to the needs of large 
municipalities or administrations with adequate staffing requirements.  

The research project VeroGAK3, funded by the Bundesamt für Bauwesen und 
Raumordnung, further developed the concept of MEMS for use in the housing 
industry and smaller municipalities. The special emphasis of the further 
development lay on the development and migration of the database system 
used in Munich to an open-source database system, which can be used 
without much follow-up costs in smaller administrations. The prototype 
developed as a test system until 2006 was adopted by AMEV as the first 
component of the AMEV-GA platform. Basically, even with a small budget, it 
was possible to set up a database-based control center for building services. 
However, the extensive functional possibilities could only be used profitably 
where there was a corresponding engineering understanding of buildings and 
technical facilities. 

The modern building operation using a beneficial energy management system 
requires the timely feedback of the current state of technical equipment and 
consumption. In principle, an assignment from cause to effect succeeds. This 
interaction is a prerequisite for recognizing the need for action and developing 
measures for consumption that is not appropriate to the requirements or 
undesirable plant conditions. How can energy management be made more 
efficient by automated processes? In this research work, potentials for the 
development of automated processes are sought, discussed, prototypically 
implemented and tested. 

The general stocktaking of today's practice has shown that linking an energy 
management system with the management level of a building management 
system still makes a lot of sense. Only in this way, in addition to the meter 

                                            
1 http://www.fnd-forum.de/publikationen/pdf/abschlussbericht-1.pdf 
2 AMEV – Arbeitskreis Maschinen- und Elektrotechnik staatlicher und kommunaler 
Verwaltungen. www.amev-online.de 
3 VeroGAK - Entwicklung eines verallgemeinerten offenen Gebäudeautomationskonzeptes. 
Abschlussbericht, 2006, Bau- und Wohnforschung, Band F 2479 
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reading of consumption measuring points, can further data such as flow and 
return temperatures, outside temperatures, operating conditions and other 
state variables be taken into account in the consumption analyzes. The 
relatively simple consideration of plausibility or fault and danger messages are 
in principle already fixed components in today's systems. They can be well 
integrated into the always necessary operating and organizational concept of 
the building operation. 

The analysis of classical methods of analysis and statistics has shown the 
greatest potential for a systematic and as automated as possible plant and 
process analysis. In particular, the use of statistical methods such as the 
correlation analyzes can well prove in existing systems whether desired control 
tasks are fulfilled by the building automation and plausible system states are 
achieved. Incorporated in energy reports or, as implemented in the test system, 
as additional functions in the visualization software (here jLZHview), the plant 
operator can obtain an overview of the quality or quality of the operation of 
the building technology systems at the touch of a button. The developed 
methods also allow the simple and rapid assessment of a large number of 
systems and processes. 

Various test runs have shown that the depth of the analysis increases 
proportionally with the parameterization effort of the user. Thus, a simple 
analysis can be almost completely automated, while a detailed analysis must 
first be parameterized by the user. 

In a simple analysis, the user selects the time range to be analyzed as well as 
the desired flow and return temperatures in the system image via the symbolic 
addresses. 

Procedure: 

The program automatically finds the pairs of the flow and return temperatures 
(TV, TR) in the various heating circuits and determines from the measured values 
in the time domain the indicators for evaluating the heating circuits: 

Mean and standard deviation of TV, TR and (TV-TR) 

Correlation of TV with TR 

Result: 

Table with key figures and their evaluation by color highlighting. 

Effect: 

Red marked heating circuits should be checked by the user. The graphical 
representation of the measured values can be helpful for this. For a deeper 
view of the conspicuous heating circuit, a detailed analysis with further data 
points of this heating circuit can be carried out (for example outside 
temperature, valve position, operating message, etc.). 

Conclusion: 

With the help of such simple automatically executable analyzes, the specialist 
personnel can be pointed to those heating circuits that do not or no longer do 
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what they should. The cause can be diverse and requires appropriate expertise 
from the user. 

For example, a detailed analysis can be performed for various operating 
modes such as DAY / NIGHT or HEAT CIRCUIT ON / OFF. 

The selection of parameters is saved and can be recalled for further analysis. 

The user selects the data points to be analyzed, the time range and cycle (e.g., 
2017 - monthly), and the useful times or measured value filters (optional). 

Procedure: 

The program automatically finds the measured values of the selected data 
points in the specified time interval, applies filters or useful times and calculates 
the statistics as well as correlation matrices. 

Result: 

Tabular and graphical representation of the statistics and the correlation 
matrices with color highlighting. 

In this way, the system operation Summer / Winter can be evaluated in an 
annual overview: 

- Is the system outside temperature? 
- Correlate actual values with their setpoints? 
- Are the mean values and scatter of the measured values in order? 

Effect: 

Plant operation can be automatically checked in any time range. 

Conclusion: 

The detailed analysis gives a deep insight into the function of a plant or a 
process. Helpful in assessing the calculated statistical values are comparative 
historical results of the same analysis. 

Especially the investigation of the potential of the detailed analyzes on the 
basis of real building data has shown that the quality of the implemented 
building automation varies greatly depending on the manufacturer. A bad 
control quality of a control loop is detected directly by the analysis, but cannot 
always be improved by better controller parameterization by the user. The 
diversity of the systems in their function, their structural implementation, their 
connection depth and in the data designations in the building control 
technology prevents the development of a generally applicable analysis tool. 
An adaptation to the concrete plant must always be made. However, this 
adaptation does not have to be reparameterized by every user, but can, once 
created, stored and automatically called up. 

In addition to classical methods of analysis and statistics, methods of artificial 
intelligence have been developed and evaluated for the independent 
calculation of new mathematical models for controllers and tracks for the 
optimization of automation in research work. At first glance, Computational 
Intelligence seems promising in solving complex problems in the analysis and 
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optimization of building services. In addition to the experimental analysis of 
systems and storage of input / output values using neural networks in black box 
models, even the automated generation of models in structure and 
parameters using genetic programming analogous to a theoretical model 
creation is possible. The concrete discussion of individual application scenarios 
showed that many tasks of the technical building management can be better 
solved with the help of classical methods of control technology due to suitable 
conditions. Thus, for almost all buildings appropriate planning documents on 
structure and dimensions are available, which lead for example in the heating 
design and demand calculation easier to accurate models. Where these are 
not present, a building reception can be easily carried out and results in a more 
precise statement. For example, a multilayer wall construction can hardly be 
identified unambiguously by means of evolutionary methods. The challenges 
of using evolutionary methods are the coding of the problem in suitable 
individuals as well as the development of suitable target and fitness functions 
for controlling the algorithms. 

The prototypical methods developed in this research project are to be further 
developed for use in day-to-day operations. It is certainly necessary to further 
simplify the mathematical methods for the user in their handling and 
interpretation. 

As an example of a possible result of an automated analysis, the heating circuit 
analysis presented below is in report form. 

In the example, a seven-page result report of a "well set" heating circuit is shown 
in Figure 1 to Figure 7. The example was generated with the stored data of the 
control center building services of the district office Treptow Köpenick in Berlin 
and shows in figure 2 beside the monthly mean values also the correlation 
coefficients between different measured values and the outside temperature 
as well as between set and actual values. 

Object BARB: H20 SG-O: School Building East 

Heat generator is a condensing boiler, which supplies 5 heating circuits incl. 
ventilation and air conditioning. This object has been selected as a positive 
example for a heating circuit analysis, since 

- the required archive metrics are available, 
- the strategy for the calculated setpoint value of the flow temperature is 

known, 
- The system is stable. 

In the heating circuit H20 SG-O a weekly program is active (DAY / NIGHT). The 
two operating modes DAY / NIGHT were analyzed separately. 

The annual analysis shows that the heating circuit was out of service during the 
summer months of June to September 2016, which is shown in Figure 2 as 
correlation coefficients displayed in blue. In the remaining months, the system 
reaches with a few exceptions a mediocre (yellow) to good (green) rating. 

The return temperature is essentially constant, resulting in a rather poor 
correlation with the outside temperature. The mixing valve in the flow is often 
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temporarily closed and reopened when switching between the operating 
modes DAY / NIGHT. These rapid changes lead to a partially poor correlation 
with the outside temperature. 

Hints: 

The heating circuit pump operates at constant pressure. 

In JAN 2017, the condensing boiler started 3904 times,  about 5 times an hour in 
monthly average. Condensing boilers should be operated as long as possible 
at about 30 to 40% power (not shown). 
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Abbildung 1: Example result report heating circuit analysis page 1 
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Abbildung 2: Example result report heating circuit analysis page 2 
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Abbildung 3: Example result report heating circuit analysis page 3 
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Abbildung 4: Example result report heating circuit analysis page 4 
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Abbildung 5: Example result report heating circuit analysis page 5 



AutoEffi 
 

  11 

 
Abbildung 6: Example result report heating circuit analysis page 6 
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Abbildung 7: Example result report heating circuit analysis page 7 
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The application of analysis methods basically requires a sufficient amount of 
data, which ideally is stored in an archive database within a company-neutral 
and cross-trade control center building services (LZH). The LZH should 

- measuring points (meters) of the media contain heat, gas, electricity, 
water, 

- include at least the trades electrical, heating, air conditioning, 
ventilation, water heating, 

- be able to unlock further tasks such as an electronic key system. 

The more comprehensive the available data, the more extensive the analyzes 
can be performed. A technical system is optimally operated if the consumption 
exactly meets the demand. Defining the requirement based on defined plant 
conditions is a good way to make matching of consumption to demand 
measurable. A better way would be to dynamically define demand based on 
changing criteria such as weather. 

The poor quality of control in various manufacturers of automation stations that 
has been encountered in the field tests has surprised the authors. The practical 
implementation of the rule task was sometimes so poorly resolved that the 
analysis tools had identified a mistake. Uniform quality control requirements for 
automation stations would be necessary in order to be able to clearly assess 
the analysis results. 

 

 

 

 


